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ADVERTISEMENT.
submitting the present work to the public, it
may be proper to state some of the difficulties, under
which it has been published, and to bespeak an indulgent allowance for any imperfections, which may
be observed in the style or arrangement. As a posthumous work, it has been deprived of those final improvements and emendations, which are generally
made by Authors, while their works are in progress
of publication. While, however, the work has laboured under these disadvantages, fhe publisher has felt
it her duty to make every arrangement., to supply, as
far as possible, the want. of f-he author‘s personal superintendence of the publication. ‘This course was
due to the scientific reputation of her la,tc husband,
as well as to the numerous and ~cnerous Ixjt,rons o?’
the work.
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INTROIMJCTION.
IN presenting this work to the public as a system of PyrOteChny, which, we have reason to believe, is the only full and connected system that has appeared, we may be permitted to remark,
that, in our arrangement
of the subject, we have appropriated
separate heads for each article.
This plan, of the subject being considered in chapters and sections, and forming with the divisions of the work, a connected system of arrangement, enables the reader to have a full view of the
whole, and, at the same time, all the facts in detail belonging to
the chapter, or section under consideration.
By referring to the
Table of Contents, this plan will be seen without further comment.
The arrangement
of the different articles in this manner, necessarily comprehends in the onset all the substances, which are employed in various preparations.
In considering
this part of out
subject, we have given the chemical characters, or peculiar properties of each substance respectively; by which a rationale of pyrotechnical
etl’ects may be the better understood,
and, consequently, the aclion of bodies on each other better illustrated.
In this part we also comprehend the General Theory of Fireworks, which it may be proper to remark, we have drawn from
the known ellects of chemica! action; so far, at Icast, as the laws,
of affinity, which govern such action, are applicable to the subject.
The importance of this inquiry, although haring‘no relation to the
mere manipulations
of the artificer, can not be doubted; since a
knowledge of chemistry has already improved the preparation
of
gunpowder,
and its effects are now known to be owing to the formation $f sundry elastic aeriforrn fluids. On this head, that of the
application
of chemistry to Pyrotechny,
we claim so much originality, as, SO far as we know, to have been the first, who applied
the principles of chemistry.
It is not to be expected in every inhtance, that a rationale of
the decomposition
as it occurs, or the order in which it takes place,
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can be given with certainty; because, where a variety of substances enter into the same preparation, which is frequently the case,
the affinities become complicated, and the laws of action for that
reason indeterminate, and frequently anomalous. But, on the contrary, in a variety of primary operating causes, by which eff’ects
analogous in their nature result, decomposition of course being the
same, the causes are well understood, and the effects are thereby known, and duly appreciated.
This, for instance, is the case with a mixture of nitrate of potassa, charcoal, and sulphur, in the proportion necessary to form gunpowder; for, it is known, that the explosive etIects of powder are
owing to the sudden production of a number of gases, which suffer dilatation by the immense quantity of caloric liberated at the
moment of combustion. Although the production of caloric by the
inflammation of gunpowder is a case, which cannot be explained
\ by the present received theory of combustion, as we ha.ve noticed
in that article; yet we know that it is a fact, and that caloric is
generated by the decomposition of the powder.
If we consider the primary cause of this decomposition, we naturally inquire into the products of the combustion, and endeavour
to account for the production of the elastic aeriform fluids. We
know that carbon has the property of decomposing nitric acid, and
also nitrate of potassa; for, when it is brought in contact in the state
of ignition with nitre, a deflagration will ensue, and carbonic acid
be formed. The quantity of this acid is in the direct ratio to the
quantity of oxygen required to saturnte a given quantity of carbon;
and therefore, by employing certain proportions of nitre and charcoal, the latter will decompose the former, and by abstracting its
oxygen, on the same principle form carbonic acid, while the azote,
the other constituent of nitric acid, will be set at liberty. Nor is
this all, if we consider the action of sulphur. The sulphur must
unite with one portion of the oxygen to produce sulphurous acid
gas, anc+lso with the potassa of the nitre, and form a sulphuret, a
compound necessary to be formed, before we can explain the production of sulphuretted hydrogen gas, which results from the decomposition of water contained in the nitre. There also results,
as a product, sulphate of potassa. In considering these products
at large, it would be necessary to go into detail; and, as we have
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descanted largely on its combustion in gunpowder, we accordingly
It will be sufirefer the reader to the article oo Gunpo&er.
c&t, however, to remark, that the ccgen~, and consequently the
cause, which produces the decomposition
of nitrate of potassa, is
carbon or charcoal,
This, by uniting with the greater part of the
oxygen of the nitre, produces, in a determinate
proportion, corbonit acid gas. This gas, therefore, in conjuuetion
with other
gases, formed at the same time, all of which being espauded, cauaes what is denominated
the eqlosive
e#eet of gunpowder.
We have then a primary cause of the decomposition,
and most
of the effective force of gunpowder
is owing to the carbonic acid;
and it is found, that gunpowder
made without sulphur is equally
powerful as that with, since it adds nothing to its power.
Causes, therefore, chemically
speaking, operate alike under
simiir&cumstances.
Tl ie materials made USC of beiug equally
\ pure, and psed~ia t&e same proportion, the e&t must necessarily
be the same.
It is not only in the instance we have mentioned, but in every
other, in which chemical action ensues, that this doctriue is tenable. We might, indeed, notice a number of cases of a similar
kind; as, for instance, in tile combustion of many incendiary preparations, as fire-stone, fire-rain, compositiou for carcasses, ligbtballs, and a variety of fire-works of the same kind.
If we nlix
pitch, tar, tallow, &c. with nitrate of potassa,
and burn the mixture, we have the combined action of two elemeutai,y substances,
which enter into the composition of these bodies, namely, carbon
and hydrogen.
The products would
be carbonic acid gas, ant1
water; because the oxygen of ihe nitre would unite with the hydrogen, as well as the carbon. If we employ sulphur at the sitinc
time, another product would be sulphurous acid gas, au3 probablysulphuric acid; and if gunpowder be used, as in the;firz-stone composition, then, besides these products, we would have those of the
gunpowd$.
As this subject, however interesting to the theoretical pyrotcchnist, cannot be unflerstood without a knowletl;rr
of chemistry, it
is obvious, that that science i.s a powerful aid to pyrutechny.
It is
unnecessary to dwell on this head. WY mav :;dd, nr*rertheless,
that, in order to understand the etIect of arl mixtures, or compoC

ritions made use of, it is necessary to consider the llsturl: of tlw
substances employed, and the manner in which chemical a&o:\
takes place, and consequently the products, which determine in
fact the characteristic
property of each species of fire-work, and
the phenomena on which it is predicated.
All products of combustion depend on the snbstanws thus decomposed, and by knowing the effects, we may readily refer them to their proper causes.
With respect to caloric, it may not be improper
to offer some
The hypothetical
element of phlogiston having giver!
remarks.*
lvay to the antiphlogistic
theory at present received, our ideas
respecting
caloric are predicated
on facts. Caloric is a term,
which expresses heat, or matter of heat. In pyrotechny, we Ilavc
merely to consider it in a free, or uncombined
state; but as the
subject, is interesting,
we purpose to notice it very briefly U&I
the following heads: viz. its nature; the manner it is set in motion;
its tendency to a state of rest; the chauges it produces on bodies;
and the instruments
for measuring its*intensity.
As to the nature of caloric, different opinions are entertained.
We know the &ict of heat: if we touch a substance of a higher
temperature
than our ‘uodics, we call it hot, and vice versa. The
one is evidently the accesssion, and the other the al&ractiorr,
of caloric.
The latter is nlerely relative as respects ourselves,;
for the effect depends on our feelings, and the srnsation of hot or
colt1 is therefore governed by them.t
Caloric, however, is con.‘& IV0

rlceu~

an outline

of the

natni’e

and

e&As

of caloric

as,

in some

observed, is a~
agent, rvhosc rfFects are r:?eognised in every species of fire-work.
j That ttrc terms ltol rind colil are relative, as lo aur feelings, filet ant!
observations al~irn~lantly prove. Dr. Fordyce (PM. ‘f’+cms. vol. 64 8263)
heated a mom by stores to two hundred ad sixty dogrccs of Fahrcn:
h&l’s scale, and remain4
in it fur some time without great inconvenience.
But difr>rent metallic substances, as llrc lock of the door, his wntch am?
f; on the tahLe, could not be iouched without burning Ilim: am:
keys I~mg
although an egg bccamc hard, anti his pulse beat one hundred and thirty.
nine [ler minulc,‘yet a thermometer placed in hi3 mouth was only two OL
I Lrcc degrees hotter
lban cornmoo.
He perspired
profusely.
Jcnniug’~:

respwts,

.lcarn

inJi5l~~nsably

bath

will

heat

iuxcssarg;

the

air

in contact

for

caloric,

rwith

it

the

is to be

naked

body

from

one

burr.

!rt:~J to one: hundred and twenty degrees, 3 heal sutficient, as it is in thaw
:qucnu~ vapoury resulting from the combustion of alcohol or strong spirii

$&red to be a substance, composed of inconceivably
small par&les; but count Rumford and sir 11. Davy are of a conirnry opiuion, namely, that it depend s upon a peculiar motion and not on
a subtle fluid.
As the effect of caloric, according to their view, depends on
motion, the agencies by which this is effected are of the first importance.
That it exists in all bodies in a state of rest, and in
a greater. or smaller quantity, and consequently in ir relative proportion, is well known, and on this, GIG capacities
of bodies for
caloric is founded. The capacities of bodies for heat are changed
by,various means, and caloric is put, in motion; zntl, according 1ij
i&quautity,
the bodies may be either cold or hot. When the SW,e@ing
bodies become heated, they receive this caloric thus set
&I ,this view, the absolute quantity of their heat is inrest, to which caloric is snbjrct, may be
increase or a diminution
of tllf: cnpacily
of a body. If caloric be put in motion
by causes
ol’ any kiuri,
which influence the capacities of different bodies, a theory mltintained by Davy, then as the capacity for heat is changed so is free
heat produced.
DTminish the capacity of a body, its escess will
of course be given out, and dist.ributc itself among the surround‘- ing bodies, which become heated; but increase
t!lc capacity,
and
a diRerent eflect ensues. The body absorbs ca!oric, by which its
‘capac,ity is increased, and cold is produced.
Caloric, whether
considered a substance, or an attribute, posse:;scs, ncvcr!hcles~,
.t& property, that when it is given out, as in lhc m;stura of sulphuric acid and water, which occupies a less spare than both in a
separate state, the sensation of heat follows; and when it is nb.sorbed, as in the various freezing mixtures, or in a ‘mixture of
snow and common salt, the sensation of cold is excited. The cauto imluce a copious diaphoresis
in less than MT an hour. Having
tried
this experiment+
several cases, I can only say, that I effected in 11~
course

of an hour,

what,

under

ordinary

circumstances,

would

i-~;*~irr

twelve or twenty-four, viz. a co$~6s perspirnlion,
and that too witbr>r!!
the exhibition
of sudorifics’,
The practice
is an old one not or.if amon,:
civilized nations, but aborigines. It is nevertbcless
worthy
cf adoption
Frdzen
mercury
cannot be touched
without
c‘speriencing
a stnsntioc
similar to that of an ignited body, although dircctlj- opyosi:e to heat..
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ses, however, which set caloric in motion, or that produce heat,
are such as combustion, condensation, friction, chemical mixture,
and the like. It is remarkable, that these effects are invariably
the same, and are affrcted by corresponding
affinities.
When a
piece of iron is struck with a hammer, the percussion produces a
condensation
of the iron, its specific gravity is increased, and
the iron finally becomes ignited.
The condensation of air, in the
condensing
syringe, will set fire to tinder.
The flint and steel
produce a condensation;
for the metal, although small, is sent off’
in scintillations
in the state of ignition. That caloric is contained
in bodies in the state of absolute rest, and is evolved by condensation, there is no doubt.
Gunpowder,
by percussion, in contact
with pulverized
glass, is inflamed; and it appears very probable,
that it also contains caloric in a state of rest. The experiments
of Lavoisier and Lnplace, on the quantity of caloric actually absorbed in nitric acid, and in a latent state, (noticed in the article
on gunpowde~~), are satisfactory.
If cdoric is not in that state in
nitrc, how arc we to explain the sudden transmission
or evolution
of caloric in tired gunpowder,
where no external agent in any
manner can influence the formation, or disengagement
of caloric?
Friction or attrition
produces heat; and the distributable
excess
of caloric, as it is called, although not satisfactorily accounted for,
may arise from a condensation;
which, however, is denied.
The Esrluimaux
Indians kindle a fire, very expeditiously,
in
the fot lowing Inanncr: They prepare two pieces of dry wood, and
mUkirlg a small hole in each, fit into them a litt!e cylindrical piece
of wood, round which a thoug is put. Then, by pulling the ends of
this thong, they wtlirl the cylindrical
piece about with such velocity, that the motiou sets the wood on fire, when lighting a little dry
moss, which serves for tinder, they make as large a fire as they
please; but as the little timber they have is drift wood, this fails
them in the winter, and they are then obliged to make use of their
lamps for the supply of their family occasions. Ellis’s Voyage for
#he Biscoveq
of a Aorth- West Passage.
Friction is, theref’ore, one means of’ producing distributable
heat,
.vhich is also exemplified very frequently in the axis of a carriage
;vhcel; of mill work; in the rub!)ing of wood, when turned on its
?yis in n lathe, by which turners ornament their work with black
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rings; rubbing a cord very swiftly backwards and forwards against
8 post or tree, or lettiog it run over a boat, &c. as in the whale
fishery; the motion of two iron plates against each other, pressing
them at the same time, &c The great object in the construction
of machines is to avoid, or lessen the degree of friction.
See
Hatchette, Vince, awl Gregory.
Count Rumford (Nicholson’s
‘Journal, 4th edit. ii, 106), and professor Pictet (Essnis sur In Feu,
chap. ix.) have made some valuable experiments on heat evolved
by friction.
The sun is one great source of caloric.
In whatever mode it
produces it, whether by giving it out from its own substance,
by
the action of light on the air that surrounds the globe; by the concentration of calorific rags by means of the atmosphere, acting as
arl%Ps; or by putting caloric in the distributable
statcv, ;&M “, :eexirtingin
&nne other, as in a state of rest, are questions, wrilLi&, in
ou; pretient, state of knowledge, we are unable to solve. We know
tlqe fact; and that the caloric is of the same nature
as that obtaiaed by combustion.”
* A writer

of the last century

remarks,

that “he

cannot

posc&bly

&

mit the sun to possess the least manner of heat, but rather to contain the
capabilities of fire, like a stick, or a flint, though with a faculty of expressing it, by its own action, which the others have not. I imagine its beams
not to be hot, in their rectilineal direction, but productive of this effect,
from reflection,
only. If the rays of the sun were fire, in the first instance,
those consequences
would naturally
follow, that our friend and correspondent Tria so well describes in his Day qf Judgmmt,
‘ The rivers
were
dried ip, and liquid ore supplied their burniug channels.
The clouds were
turned to fire, and shot through the astonished sky.
The air was flame,
and breathing was no more. The firmament was melted down, and rained
its sulphur o’er the prostrate globe, kc.’ The sun emanates light only, io

the direct line, but owes its heat to reflection.
intensely,

in a valley,

than on a hill,

Why

We feel it, therefore, more
are

the Alps

and Pyrcnnees

crowned with eternal frosts, while the shepherds, with their flocks, arc
sheltering
their scorching
heads from the heat of the sun, at the fool of
them?
Why do the upper regions of the air shower down their hail and
snow, to be thawed and melted here below?
\VVhy shall a Eens of ice rcceive the rays above, so coldly, aud transmit
them so iotensely
hot, bcneath?
1Vhy is it warmer,
in summer,
though the sun is farther
off, than

in winter,

when ‘tis so much ne;trer to as” J&cause of our situation. ic
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Conlbustiou
is a process by which caloric is put in a dlstnbutable state. The opinion of Stahl and others, that all combu~til~lr
bodies contained
a certain principle
colletl phlogiston, to ~rlrich
regard to it, only.
In the first caqe the rays arc rcrtical,
in olhors lateral,
and perpendicular
reflectiorls
are stronger,
than oblique ones. \Vc judge
of fire above, from what we feet below, &c.”
The summit of iEtna, notwilhstandiog
the fire of the volcano,
is cover-,
ed almost at1 the Fear with snow.
Fazello,
spcakinq
of this says, fha!
“ this region extends
nearly
twelve
miles;
and, even in summer,
is almost perpetually
covered
with snow, and cxtw~ncly
cold : which
is the
more wonderful
as the summit contilrnally
prod~~c~,
nourishc7,
and pout forth flames amid the ice and snow with which
iL is cnveIopet1.”
Solinn<.
says, “ i%tna, in a wonderful
manner,
eshihits snows mixed with fires; and
retains every appearance
of the severest
winter,
amid her vast conflagra
tions.
Silius Italicus,
and Claudian,
and Pi:ldar,
who lived 500 years hefort
the C!hristian
era, bear testimony
to the antiquity
of this fact.
*
‘ Where
burning
Zlnn,
towering,
threats the skies,
Mid llamcs and ice the lofty rocks arise,
The fire amid eternal
winter
glows,
And the warm ashes hide the hoary snows.’
Sifius Italicus,
horn the liaim
Amid the fires nc~comulates
the snow,
.\nd frost r[>tr:3iui where f,rirnIrip
ashci glow:
O’er icr ctcrnal
?wccp 111’ inattire
flamex,
And win!rr,
spilr 01 fire. the re;~mn claims.’
Clmdiun,
from
----.c
Snon~ lCtu3, nurse
The mqhtjprnp of heaven.’

ofendiess
l’;nrZnr,

t!,e Latirc.

frost;
hti:,~ :i:p [Greek.

The height of Xtna is gcneraliy
estrma:ed
at 11,000 f&t shove the se..
In 1755, it issued out a torrent,
not of mud, 2’: was ~uppc~w11, but c,f snolv
and ice melted by the lava.
The same thing happened
at the volcano oi
Cargarossa
in South Amrrica.
The celebrated
Herschel,
(Phil. Tram.
1801, and Rich. Jour. 1. 1~3)~
in considering
the construction
of the sun, infers it LO be a habitable
globe
more magnifccnt
than our earth, or othr r planets, and that its lucid suh
stance is not a liquid nor an elastic tluid; but &at it exists in the manner
01
luminous
clouds, swimming
in the transparent
atmosphere
of the Fiun, 01

I/.
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or Stahlian

theory,

of
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combustion

principIe,
was

gave

afterwar&

rise

was

nothing

to the phlo;isnloclifictl

by

Dr.

The
@Jker of lucid decompositions
taking place within that atmosphere.
rcmarits
on this
Philorvphical
Transactions,
1795, p. 72, also contains
lucid matter.
Having
rejecled
the old terms of spots, nuclei, pcnumbrze,
and luculi, he has substituted
those of openings,
shallows,
ridges, nodules,
Corrugations,
indentations,
and pores. The openings are places where the
lym~ous
solar clouds are removed,
which he thinks are produced
by a
wind or.xas from the SW’S body.
Shallows are depressions
below the lu1

1;

mioous clouds, and are caused
apebiogs.
They are tufted l&e

by the propelling
masses of clouds.

gas, which produces
Ridges are elevations

the
of

the luminous clouds,
The length of one of the longest was found to be
&qoO miles, They generally
surround
the openings.
JIcr.;chcl
thinks it
&om pppearances,
that the luminous
matter
is disturbed
at top
~+l+,ic
fluid,
which
issues
from
lhc
openings.
Nodules
.
are sm& elevations
&the
luminous
matter.
Corrugations
arc smaller
elevations
and depression8
of the same matter.
Indentations
are the dark
pJ6ces of corrugations.
That they ark not much depressed,
is deduced
from their visibility
near the margin of the suu. They are of the same na(ure as shallows,
and of different
sizes. Pores are the low places of indectations.
The doctor is of opinion, that the phenomena
before described
could not appear, if the shining matter were a liquid; because, by the laws
of hydrostatics,
the openings
shallows, indentations,
and pores would be
filled up. Still less could these yhenomoua
exist with the supposition
of
elastic fluidity.
The shiniug matter,
he concludes,
must exist in the man
ner of empyreal
luminous or phosphoric
clouds.
The planetary
atmosphere
of’the Bun, its great height, its density, as inferred
from lhc powc.r ofgr:~.
titation,
which is known to be twenty-seven
times strooger
at tl~ sun’z
NuTface than with us, and other subjects are also discunscd.
IIe suppo>es
the gas to pass from the sun itself upwards to the region of tlic clouds, SL^
as to generate
pores, corrugations,
kc.
JIe conchles
lioallc,
that if this
view of the soIar appearances
he well founded,
there wi!l be no diflicrtity
in ascertaining
the actual state of the sun with regard to its energy in giv
ing heat and light.
In a paper on the 6‘ Constructionof
Ihe Henvms.”
the doctor thinks it !:robab!e, that the great stratum called the milky way is that in whjch the sun
is placed, though perhaps not in the centre of its thickness.
The celebrated astronomer
the solid body
minous ocean.

Lalande
supposes the spots before mentioned
to be parts of
of the sun, but admits not a luminous
atmosphere,
but a lu
For the observations
of Dr. Young,
see his Xatwak
Phi

Zosophy, and ofsir

Zsaac .Ve~wton~ his Pci~.ipI~~

S-c, Consult

also Bio!
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Priestley.
But his theory is equally untenable.
Kirwan’s opinion
was no less vague, although he substituted hydrogen for phlogiston.
The Lavoiserinn,
or antiphlogistic
theory overturned the Stahlian.
According
to this theory, a combustible in burning unites
with oxygen, and heat aud light are given out by the gas. and not
from the combustible.
According to a modified theory of the above,
by Dr. Thomson, caloric is evolved by the gas, and light from the
burning body. Without noticing the instances, in which this theory, as a general
one, is insufficient
to explain the cause of comGustion, or of the production of heat and light, we will merely remark, that bodies which support combustion are called supporters,
as oxygen gas, chlorine gas, &c. and those, thatundergo
this change,
are named combustible bodies.
The products of combustion may be fixed or gaseous, and either
alkalies, oxides, or acids; or, when clllorine is the supporter, chlorides, &c. A few esamples will be sufftcient.
By the combustion
has asserted, according to Xcholson,
(British E,:.,
‘6 that the densily
of the sun’s beat, which is proportioned
to
liis light, is seven times as great in Mercury
as with us, and lhat water
there would he all carried
off in the shape of steam, for, he found, by ex.
pcriments
with the thermometer,
that a heat seven times greater
than that.
of the sun’s heams in summer wili serve to make water boil.”
That fixed
stars are of the same natnrc as the sun, since they agree with it in severat
particulars,
as in the property
of emittin g light cont.inually,
and in retaining constantly
their relative
situation
with but little variation,
is generaily admitted.
They arc supposed also to emit heat as well as light.
The
sun is, therefore,
considered
a fixed star comparatively
near us, and the
fixed stars, which seem as centres to other systems of worlds, as suns at
immense distances from us. Taking
the distance
of lhe sun from us to be,
as is found by calculation,
95,000,OOO
miles, we may infer, that every
thing must he scorched
up at its surface;
but this question is put at rest,
if we consider that the sun’s rays act on a caloritic
medium,
as the cause
of changing
quiescent into distributable
heat. May not light itself, by some
process unknown
to us, produce
calorific
rays? That heat and light are
both material,
and possess some properties
in common,
that for instance,
of reflection
and refraction,
are facts well known:
but to account for the
peculiar
agency
of light, if it he admitted.
is a problem,
which, perhaps,
will never be settled!
Sir

cyclopedia)

Isaac Newton
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of met&, iron for instance, we obtain a fixed product, and in the
preeent case an oxide of iron; by the combustion of antimony and
arsenic, the antimonic and arsenic acids; by the combustion of
charcoal, we have carbonic acid gas, a gaseous product; by the combustion of potassium or sodium, we obtain a fixed alkali, depending however on the quantity of oxygen; by the combustion of sulphur, phosphorus, &c. acids; and when metals are burnt in chlorine gas, chlorides are produced.
It is evident from facts, that, whatever theory may be assumed,
combustion occasions the production ofjree caloric, or changes the
condition
of caloric, from quiescent to distributable heat. The
conclusions drawn by Mr. Davy and others, appear to have been
predicated on the absorption of the base, and development of caIcn+e, as in oxygen gas, and the peculiar alteration in bodies im#%S&+se,in their capacity; and hence, as regards the
pi%S&fe%sti~~6in~~ti*; they must necessarily possess a less capaeity for heat than the meti capacity of their constituents.
Whether wegegard heat as latent, in the acceptation of the
term, as appbed or used by Dr. Black, or quiescent, or in a state of
rest, it is certainly evident, that combustion is a chemical change,
and by it caloric passes from a combined to an uncombined state,
and is thus made sensible, free, or thermometrical heat. Combustion may, as it certainly does, put quiescent heat in a distributable t&e; but this quiescent heat is the same in the present case,
of which there can be no doubt, as latent caloric. The thermometer will only indicate as much caloric in the air as is in a distributable, or free state; but, if the same air be employed to supply,
or support combustion, the heat, rendered appreciable by the senses and the thermometer, will be in the ratio of the decomposition
of the oxygen gas of the atmosphere, and, of course, to the dcvelopment of free caloric.
Chemical combination, such as occurs by the mixture of fluids,
as alchohol and water, sulphuric acid and water, some of the gases,
as muriatic acid gas with water, &c. evolves heat, and sometimes
sufficient to boil water. In cases of spontaneous combustion, it
would seem, that quiescent heat passes to the state of tlistributable heat; for if nitric acid, for instance, contains so large a quantity of quiescent heat, or fixed heat, as the rsperiments of Mr.
d
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Lavoisier make it appear, we may readily explain why spontaneous combustion ensues, when that acid is brought in contact with
spirits of turpentine;
because the chemical action of the acid on
the carbon and hydrogen of the turpentine,
which takes place?
produces at the same time a corresponding
change in the caloric
itself, from a quiescent to a distributable
state. If the same data
be admissible with regard to the combination
of the nitric ac.id
with potassa, which we may judge to be the case by the experiments
of Lavoisier and Laplace, (quoted in our article on Gzdnpouder),
then, indeed, its mechanical
union with charcoal, and sulphur..
although in a common temperature
no combustion ensues, will, at
the temperature
required to inflame the mixture, (about 700 degrees according
to some), produce a decomposition
altogether
chemical; and while new products are formed, the caloric, necessary also for their generation, passes from a quiescent to a distributable state; and a portion of it goes into a new state of combination, also quiescent.
We mean that portion which is necessary
ibr the constitution
of gaseous fluids.
This fact is remarkable.
By referring to the original state or condition of the caloric, if we
admit that state in the present instance, (which appears the only
mode of accounting for the emanation of free caloric by the combustion of gunpowder),
it is easily perceived, that chemical changes, besides the usual supporters of combustion. being concerned,
as in ordinary cases of combustion, must produce a similar change
in the state of combined or quiescent heat.
Predicating
this opinion on the results of the experiments of M
M. Lavoisier and Laplace, and seeing that gunpowder
inflames
per se, or without the aid of a gaseous supporter, we have no besitation in risking it, in the present state of our knowledge
concerAlthough
there
ning heat as our present belief and conviction.
is no satisfactory theory orered to explsin all the instances of
spontaneous combustion, yet it seems reasonable to conclude, that
in manycases at least, that elfect may take place by some chemical action, which, like the instances already quoted, may change
quiescent into distributable
heat. We have stated (See Gunpo7n’dzr) some instances of spont‘ancous combustion, which have
l&en place merely in consequence of the charcoal.
Some have
ihttributnd the effect to pyrophorus,
and others to the presence
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of .hfdrogen in the coal, which, by absorbing and combining with
egen and forming water, sets the caloric of the oxygen gas at
liberty, and thus produces combustion. However this may be,
there are other instances, that of cotton and oil, some kinds of
Wood, wood-ashes and oils, &c. which have produced spontaneous
combustion.
We will only add, however, that until we can give a better
theory, the effect in these instances may be attributed to chemical
action, and with it, the change of caloric in the manner already
mentioned. Chemical action in such cases appears necessary,
although mechanical means, as percussion will produce heat.
Quiescent heat is also put in motion by electricity; but in what
It is a
manned it acts, so as to produce that effect, is unknown,
1 I @+nl
agent in nature, and calculated for important ends, of
a*+
,_
oranti It is unnecessary to notice opinions conk&igi-t.
All elect&s will yield it, such as glass, rosin, &c,
and it may’be collected in the&al manner by the prime conductor and Leyden jar. Galvanism, called also Galvanic electricity,
produced by an arrangement of zinc, and copper plates in a pile,
or trough, and placed in contact with some oxygenizing fluid, has
the same effect of causing quiescent heat to become distributable,
and is undoubtedly the result of chemical action, The peculiar
character of this fluid, the nature of the two opposite poles, &c.
have been, and continue to be, a subject of interest to the philosopher, The dejtagrator of professor Hare of Philadelphia is an
apparatus well calculated for many interesting experiments on
galvanism. To that gentleman, we are also indebted for the compound blowpipe, which produces a very intense heat by the combustion of hydrogen in contact with oxygen gas. Notwithstanding
professor Clark of England has laid claim to the apparatus, and
the use of hydrogen gas in this way, the merit of the discovery is
due to our learned and ingenious countryman.
Since-heat is put in motion as a consequence of the increased
capacity of a body, and, by combining with a substance whose
capacity has been increased, becomes by degrees quiescent, according to the respective capacities of bodies; cold isan effect,
which is occasioned by this change from a free to a combined or
quiescent state. The absorption of heat, necessary for the gene&

,

,

sitions made use of, it is necessary to consider the n&ure of the
substances employed, and the manner in which~cheinics;f action
takes pIace, and consequently the products, which determine in
fact the! characteristic property of each tipecies of fire-work, atid
the phenomena on which it is predicated. All products of COG’ bustion depend on the substances thus decomposed, and by knowing the effects, we may readily refer them to their propercauses.
With respect to caloric, it may not be improper to offer some
remarks.*
The hypothetical element of phlogiston having given
way to the antiphlogistic
theory at present received, our ideas
respecting
caloric are predicated on facts. Caloric ;$ a term,
which expresses heat, or matter of heat. In pyrotechrrg, we have
merely to consider it in a free, or uncombined &,tq;‘3& as-the
subject is interesting, we purpose to notice it very briefly under
the following heads:viz. its nature;. the mannerit is set in motion;
its tendency to a state of rest; the changesit produceson bodies;
and the instruments for measuringi$sintensity.
As to the nature of caloric, different opinionsare entertained.
j We know the effect of heat: if we touch a substanceof a higher
temperature than our bodies,we call it hot, and vice versa. The
one is evidently the accesssion,and the other the abstraction;
of caloric. The latter is merely relative as respects ourselves;
for the effect dependson our feelings, and the sensationof hot or
cold is therefore governed by t1~em.t Caloric, however, is con* We deem an outline of the nature and effects of caloric
as, in some
respects,
indispensably
necessary;
for caloric,
it is to be observed,
is an
agent, whose effects are recognised
in every species of fire-tiork.
+ That the terms I~ot and cold are relative,
as to our fealings,
fact and
observations
abundantly
prove.
Dr. Fordyce
(Phil.
Trans.
vol. 64 &,@i)
heated
a room by stoves to two hundred
and sixty degrees of Jj’ahfenheit’s scale, and remained
in it for some time without great inconvenience.
But different
metallic
substances,
as the lock of the door, his watch and
keys lying on the table, could not be touched
without
burning
him: and
althougb
an egg became hard, and his pulse beat one hundred
and thirtynine per minute,
yet a thermometer
placed in his mouth was only two or
three degrees hotter than common.
He perspired
profusely.
Jenni&s
steatn bath will heat the air in contact with the naked body from one bun&cd to one hundred
and twenty
degrees,
a heal sufficient,
as it is in the
aqueous vapour,
resulting
from the combustion
of alcohol or strongspirit,

m

sidered t6 be a substance, composed of inconceivably
small par8icles; but count Rumfor’d and sir H. Davy are of a contrary opitiion, namely, that it depends upon a peculiar motion and not on’
a subtle fluid.
As the effect of caloric, according to their view, depends on
motion, the agencies by which this is effected are of the first importance.
That it exists in all bodies in a, state of rest, and in
a greater. or smaller quantity, and consequent)y in a relative proportion, is, well known, and on this, the capacities of bodies for
caloric is founded. The capacities of bodies for heat are changed
by various means, and caloric is put in motion; md, ,according to
its quantity, the bodies may be either cold or hot. When the surropnding bodies become heated, they receive this caloric thus set
he absolute cjuantity of their heat is inof rest, to which c.aloric is subject, may be
hcr,ease or a diminution
of the capacity
of a body. If caloric ‘bi ‘p&k. ih motion by causes of any kind,
which influence the capacities $f.,di&rent
bodies, a theory maintained by Davy, then as the capacity-for heat is changed so is free
Diininish
the capacity’bf a body, its excess will
heat produced.
of course be given out, and distribute itself among the sqrrounding bodies, which become heated; but increase the capacity, and
a different effect ensues. The body absorbs caloric, by which its
Caloric, whether
eapac,ity is increased, and cold is produced.
considered a substance, or an attribute, possesses, nevertheless,
this property, that when it is given out, as in the mixture of sulphuric acid and water, which occupies a less space than both in i1
separate sta!e, the sensation of heat follows; and when it is absorbed, as in the various freezing
mixtures, or in a mixture of
snow an’d,coinmon salt, the sensation of cold is excited. The cauIt0 induce a copious diaphoresis in less than half an hour. Having tried
ihis experiment in several cases, I can only say, that I effected in the
course of an hour, w,hat, under ordinary
circumstances,
wouId require
twelve or twenty-four, viz. a copious perspiration,
and that too without
the exhibition
of sudorifics.
The practice
is an old one not only among
civilized
nations,
but aborigines.
It is nevertheless
worthy
of adoption.
Frozen
mercury
cannot be touched
without
experiencing
a sensation

r;imilar to that of an ignited body, although directly opposite to heat.
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rings; rubbing a cord very swiftly backwards and forwards against
a post or tree, or letting it run over a boat, &c. as in the whale
fishery; the motion of two iron plates against each other, pressing
them at the same time, &c The great object in the construction
of machines is, to avoid, or lessen the degree of friction.
See
Hatchette,
Vince, an+1 Gregory.
Count Rumford (Nicholson%
Journal, 4th edit. ii, 106), and professor Yictet (Essnis sur la Feu,
chap. ix.) have made some valtiable experiments on heat evolved
by friction.
The sun is one great source of caloric.
In whatever mode it
produces it, whether by givin g it out from its own substance, by
the action of light on the air that surrounds the globe; by the concentration
of calorific raps by means of the atmosphere, acting as
a lens; or by putting caloric in the distributable
stat?, xlwic :I. M.~eexisting in some other, as in a state of rest, are questions, wnlcil, in
our present state of knowledge, we are unable to solve. We know
the fact, and that the caloric is of the same nature
as that obtained by combustion.*
+ A writer
of the Iast century
remarks,
that “ he cannot possibly
admit the sun to possess the least manner
of heat, but rather to contain the
capabilities
of fire, like a stick, or a flint, though with a faculty
of expressing it, by its own action, which the others have not. 1 imagine its beams
not to be hot, in their rectilineai
direction,
but productive
of this effect,
from reflection,
only. If the rays of the sun were fire, in the first instance,
those consequences
would naturally
follow, that our friend and correspondent Tria
so well describes
in his Day of Judgment,
‘ The rivers
were
dried up, and liquid ore supplied their burning
channels.
The clouds were
turned to fire, and shot through
the astonished
sky.
The air was flame,
and breathing
was no more. The firmament
was melted down, and rained
its sulphur o’er the prostrate
globe, tic.’ The sun emanates
light only, in
the direct line, but owes its heat to reflection.
We feel it, therefore,
more
Intensely,
in a valley, than on a hill,
Why are the Alps and Pyrennees
crowned
with eternal frosts, while the shepherds,
with their flocks,
are
sheltering
their scorching
heads from the heat of the sun, at the foot of
them?
Why do the upper regions
of the air shower down their hail and
snow, to be thawed and melted
bcre below?
Why shall a lens of ice recelve the rays above, so coldly, aud transmit
them so intensely
hot, bein sutntner,
though tbc sun is farther
off, than
neath?
Why is it warmer,
in winter,
when ‘tis so mrrrh nearer to LIST Because of our situation:
i&S
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Combustioll is a process by which caloric is put in a distributaof Stahl and others, that all combustible
ble state. The opinion
bodies
contained
a certain
principle
called phlogiston, to which
In the first case the rays are vertical,
in others lateral;
regard to it, only.
and perpendicular
reflections
are stronger,
than oblique ones. We judge
of fire above, from what we feet below, SZC.”
The summit of BXna, notwitkstauciing
the fire of the volcano,
is coverFazello,
speaking
of thrs says, that
ed almost all the year with snow.
(‘ this region
extends
nearly
twelve
miles;
and, even in summer,
is almost perpetually
covered
with snow, and extremely
cold:
which is the
more wonderful
as the summit continually
produces,
nourishes,
and pours
Solinus
forth ffames amid the ice and snow with which it is enveloped.”
says, “ atria,
in a wonderful
manner,
exhibits snows mixed with fires; and
retains every appearance
of the severest winter,
amid her vast conflagrations .
Silius Italicus,
and Claudian,
and Pindar,
who lived 500 years before
the Christian
era, bear testimony
to the antiquity
of this fact.
‘ Where burning
Rtna,
towering,
threats the skies,
Mid Aames and ice the lofty rocks arise,
The fire amid eternal
winter glows,
And the warm ashes hide the hoary snows.”
Silira Italicus,
fsom the Latin.
Amid the tires accumulates
the snow,
And frost remains where burning
ashes glow;
O’er ice eternal sweep th inactive
Flames,
And winter,
spite off&,
the region claims.’
Clnudinn,
from
---6
The

mighty

Snot! y Etn3,
nurse
prop of heaven.’

of endless
Pim?ar,

the Latnr.

frost,
fro:;1 the Greek.

The height of Ktna is generaliy
estimated
at 11,000 feet above the sea
en 1755, it issued out a torrent,
not of mud, as was supposed, but of snow
and ice melted by the lava.
The same thing happened
at the volcano of
Cargarossa
in South America.
The celebrated
Herschel,
(Phil. Trans.
18O:, and Rich. Jour. 1. 131,
In considering
the construction
of the sun, infers it to be a habitable
globe
more magnificent
than our earth, or other planets, and that its lucid sub
stance is not a liquid nor an elastic fluid; but that it exists in the manner
luminous
clouds, swimming
in the transparent
atmosphere
of the sun,

ot
[IL

ENTRODUCTBON.

xxm

-“I

,uey owed their combustibility,
and that combustion was nothing
shlore than a separation of this principle, gave rise to the phlogisiic or Stahlian theory, dlich
was afterwards
modified by Dr.
rather of lucid
Pidosophical
lucid
matter.
and luculi, he
corrugations,
luminous
solar

decompositions
taking place within that atmosphere.
The
Transactions,
1795, p. 70, also contains remarks
on this
Having
rejected
the old terms of spots, nuclei, penumbra,
has substituted
those of openings,
shallows,
ridges, nodules,
indentations,
and pores. The openings are places where the
clouds are removed,
which he thinks
are produced
by a
Shallows are depressions
below the luwind or gas from the sun’s body.
minous clouds, and are caused by the propelling
gas, which produces the
openings.

are tufted like masses of clouds.
Ridges are elevations
of
The length of one of the longest was found to be
35,000 miles. They generally
surround
the openings.
Herachel
thinks it
probable,
from appearances, ihat the luminous
matter is disturbed
at top
hy the transparent
elastic fluid, which issues from the openings.
Nodules
are small elevations
of the luminous
matter.
Corrugations
are smaller
rlevations
and depressions
of the same matter.
Indentations
are the dark
places of corrugations.
That they are not much depressed,
is deduced
from their visibility
near the margin
of lhe sun. They are of the same nature as shallows,
and of different
sizes. Pores are the low places of inden=
tations.
The doctor
is of opinion,
that the phenomena
befure described
could not appear, if the shining matter were a liquid; because, by the laws
of hydrostatics?
the openings
shallows,
indentations,
and pores would be
filled up. Still less could these phenomena
exist with the supposition
of
elastic
ffuidi~y
The shining matter,
he conchutes,
must exist in the manner of cmpyreal
luminous or phosphoric
clouds.
The planetary
atmosphere
as inferred
from the power of graof the sun, its great heigh t, its density,

1tta

lumirious

They

clouds.

vitation,
which is known
to be twenty-seven
times stronger
at the sun’s
surface than with us, and other SUhjeCtS
are also discussed.
IIe SLI~~OSET
Ihe gas to pass from the sun itself upwards
to the region of the clouils, so
a5 to generate
pores, corrugations,
kc.
IIe concludes
finally,
that if this
view of the solar appearances
be well founded,
there wi!L be no dificulty
in ascertaining
the actual state of the sun with regard to its energy in giving heal and light.
of Ihe Heazlons,”
the doctor thinks it praIn a paper on the 4‘ Constru~tio?~
bable, that the great stratum called the milky way is that in whkh the sun
is placed, though perhaps not in the centre of its thickness.
The celebrated astronomer
Lalnnde
supposes the spots before mentioned
to be parts OF
the solid body of the sun, but admits not a luminous
atmosphere,
but a Iu
minous ocean.
For the observations
of Dr. Young,
see his 32ltrral
Pi;<
Eosophy, and of sir Isfla c .4”b~im~ his Prlr,rQ~la,
kc. Consult
also &of.
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Priestley.
But his theory is equally untenable.
Kirwan’s opinion
was no less vague, although he substituted hydrogen for phlogision.
The Lavoiserian,
or antiphlogistic
theory overturned the Stahlian.
According
to this theory, a combustible in burning unites
with oxygen, and heat and light are given out by the gas. and not
from the combustible.
Accorc!ing to a modified theory of the above,
by Dr. Thomson, caloric is evolved by the gas, and light from the
burning body. Without noticing the instances, in which this theery, as a general one, is insufficient
to explain the cause of coinbustion, or of the production of heat and light, we will merely remark, that bodies which support combustion are called supporters,
as oxygen gas, chlorine gas, 8~. and those, that undergo this change,
are named combustible bodies.
The products of combustion may be fixed or gaseous, and either
alkalies, oxides, or acids; or, when chlorine is the supporter,
chlorides, &c. A few examples will be sufficient.
By the,combustion
Sir

Kewtoo
has asserted,
according
to Nicholson,
(British
En“ that the density
of the sun’s heat, which is proportioned to
is seven times as great in Mercury as with us, and that water

Isaac

cyclopedia)
his light,

there would be all carried off in the shape of steam, for, he found, by expcriments with the thermomstcr, that a heat seven times greater than that
of the sun’s beams in summer will serve to make water boil.”
That fixed
stars are of the same nature as the sun, since they agree with it in several
particulars,
as in the property
of emitting
light continually,
and in retaining constantly
their relative
situation
with but little variation,
is generaiThey arc supposed also to emit heat as well as light.
The
ly admitted.
sun is, therefore,
considered
a fixed star comparatively
near us, and the
fixed stars, which seem as centres to other systems of worlds, as suns at
immense distances from us.
Takiug
the distance
of the sun from us to be>
as is found by calculation,
95,000,OOO
miles, we may infer, that every
thing must be scorched
up at its surface;
but this question is put at rest,
if we consider that the sun’s rays act on a calorific
medium,
as the cause
of changing
quiescent
into distributable
heat. May not light itself, by some
process unknown
to us, produce
calorific
rays? That heat and light are
both material,
and possess some properties
in common,
that for instance,
of reflection
and refraction,
are facts well knowc;
but to account for the
peculiar
agency
of light, if it be admitted,
is a pro&m,
which, perhaps,
will never he settled’!
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of metals, iron for instance, we obtain a fixed product, and in thb
present case an oxide of iron; by the combustion of antimony and
arsenic, the antimonic
and arsenic acids; by the combustion of
charcoal, we have carbonic acid gas, a gaseous product; by the combustion of potassium or sodium, we obtain a fixed alkali, depending however on the quantity of oxygen; by the combustion of sulphur, phosphorus, &c. acids; and when metals are burnt in chlorine gas, chlorides are produced.
It is evident from facts, that, whatever theory may be assumed,
combustion occasions the production
offrec caloric, or changes the
condition
of caloric, from quiescent to distributable
heat. The
conclusions drawn by Mr. Davy and otheis, appear to have been
predicated
on the absorption of the base, and development of caloric, as in oxygen gas, and the peculiar aiteration
in bodies implying a decrease in their capacity; and hence, as regards the
products of combustion, they must necessarily possess a less capacity for heat than the mean capacity of their constituents.
Whether we regard heat as latent, in the acceptation
of the
term, as applied or used by Dr. Black, or quiescent, or in a state of
rest, it is certainly evident, that combustion is a chemical change,
and by it caloric passes from a combined to an uncombined state,
and is thus made sensible, free, or thermometrical
heat. Combustion may, as it certainly does, put quiescent heat in a distributable state; but this quiescent heat is the same in the present case*
of which there can be no doubt, as latent caloric. The thermometer will only indicate as much caloric in the air as is in a distributable, or free state; but, if the same air be employed to supply,
or support combustion, the heat, rendered appreciable by the senses and the thermometer,
will be in the ratio of the decomposition
of the oxygen gas of the atmosphere, and, of course, to the development of free caloric.
Chemical combination, such as occurs by the mixture of fluids,
as alchohol and water, sulphuric acid and water, some of the gases,
as muriatic acid gas with water, &c. evolves heat, and sometimes
sufficient to boil water.
In cases of spontaneous
combustion, it
would seem, that quiescent heat passes to the state of distributable heat; for if nitric acid, for instance, contains so large a quantity of quiescent heat, or fixed heat, as tjlc experiments
of Mr.
d
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Lavoisier make it appear, we may readily explain why spontaneous combustion ensues, when that acid is brought in contact with
spirits of turpentine; because the chemical action of the acid Qn
the carbon and hydrogen of the turpentine, which takes place,
produces at the same time a corresponding change in the caloric
itself, from a quiescent to a distributable state. If the same data
be admissibie with regard to the combination of the nitric acid
with potassa, which we may judge to be the case by the experiments
of Lavoisier and Laplace, (quoted in our article on Gunpowder),
then, indeed, its mechanical union with charcoal, and sulphur,
although in a commontemperature no combustionensues,will, at
the temperature required to inflame the mixture, (about 700 degrees according to some), produce a decomposition altogether
chemical; and while new products are formed, the caloric, necessary also for their generation, passesfrom a quiescentto a distributable state; and a portion of it goesinto a new St&e of combination, also quiescent. We mean that portion which is necessary
for the constitution of gaseousfluids. This fact is remarkable.
3y referring to the original state or condition of tile caloric, if we
admit that state in the present instance, (which appearsthe only
mode of accounting for the emanationof free caloric by the combustion of gunpowder), it is easily perceived, that chemical changes, besidesthe usual supportersof combustionbeing concerned,
asin ordinary casesof combustion,must produce a similar change
in the state of combinedor quiescent heat.
Predicating this opinion on the results of the experiments of M
M. Lavoisier and Laplace, and seeing that gunpowder inflames
pev se,or without the aid of a gaseoussupporter, we have no hesitation in risking it, in the present state of our knowledge concerning heat as our present belief and conviction. Although there
is no satisfactory theory oKered to explain all the instances of
spontaneouscombustion,yet it seemsreasonableto conclude, that
in many casesat least, that effect may take place by somechemical action, which, like the instancesalready quoted, may change
quiescent into distributable heat. We have stated (See Guncrowder) someinstancesof spontaneouscombustion,which have
taken place merely in consequenceof the charcoal. Some have
ikttributed the e&t to .pyrophorus, and others to the presence
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Qf hydrogen in the coal, which, by absorbing and combining with
oxygen and forming water, sets the caloric of the oxygen gas at
liberty, and thus produces combustion. However this may be,
there are other instances, that of cotton and oil, some kinds of
wood, wood-ashes and oils, &c. which have produced spontaneous
combustion.
We will only add, however, that until we can give a better
theory, the effect in these instances may be attributed to chemical
action, and with it, the changeof caloric in the manner already
mentioned. Chemical action in such casesappears necessary,
although mechanicalmeans,as percussionwill produceheat.
Quiescent heat is also put in motion by electricity; but in what
manner it acts, so as to produce that effect, is unknown. It is a
powerful agent in nature, and calculated for important ends, of
which we are ignorant. It is unnecessaryto notice opinionsconcerning it. All electrics wili yield it, such as glass, rosin, &c,
and it may be collected in theusual mannerby the prime conductor and Leyden jar. Galvanism, called also Galvanic electricity,
produced by an arrangement of zinc, and copper plates in a pile,
or trough, and placed in contact with someoxygenizing fluid, has
the sameeffect of causingquiescent heat to becomedistributable,
and is undoubtedly the result of chemical action, The peculiar
character of this Ruid, the nature of the two oppositepoles, &c.
have been, and continue to be, a subject of interest to the philosopher. The deufagmtor of professor Hare of Philadelphia is an
apparatus well calculated for many interesting experimentson
galvanism. To that gentleman, we are also indebted for the compound blowpipe, which producesa very intense heat by the combustion of hydrogen in contact with oxygen gas.Notwithstanding
professor Clark of England has laid claim to the apparatus,and
the use of hydrogen gas in this way, the merit of the discovery is
due to our learned and ingeniouscountryman.
Since heat is put in motion as a consequenceof the increased
capacity of a body, and, by combining with a substancewhose
capacity has been increased, becomesby degreesquiescent,according to the respective capacities of bodies; cold is an effect,
which is occasionedby this change from a free to a combinedor
quiescentstate. The absorptionof heat, necessaryfor the gene*
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ration of cold, if so we may consider it, takes place in every instance, where that effect is observed.
The heat of surrounding
bodies, in a distributable
state, is now no longer characterised
as
such; and the consequence is, therefore, that that particular
sensation, or effect follows.
Cold may be produced by saline mixtures, the salts for which
having their full quantum of the water of crystallization;
and by
the evaporation of fluids, as water, alcohol and ether. In the one
case, that of the freezing mixtures, we have seen, that the effect is
produced by the absorption of heat; and with regard to the cold
produced by fluids, even in eacuo, (where the effect is more instantaneous), the cause is attributable
to evaporation;
for the fluid
changes from a liquid to an aeriform state, and during this transition robs the body, with which it was in contact, of a part of its
caloric, and thereby reduces its temperature.
Artificial
ice is
made on this principle.
The next subject with regard to heat, is the different modes in
which it tends to a state of rest. There are some facts in relation to this subject worthy of notice; and particularly;
that, in the
tendency of caloric to become quiescent, after having been put
in motion, bodies often increase in temperature.
This tendency
to a state of rest is elected either by the conducting power of
bodies, or racliation. Heat radiates in all directions, and in quantities, according to the experiments
of Leslie, more or less variable, which depend on the nature of the radiating surface. Hence
that power, which bodies possess, called the radiating powers varies in different substances.
Thus, the radiating
power of lampblack is 100, while gold, silver, copper, and tin plate are 12,
from which it appears that the metals distribute
less heat by ra+
diation.
That caloric obeys the same laws as light, is obvious
from Pictet’s experiments
with concave mirrors, where the calorific rays move in the same order, the angle of incidence being
equal to the angle of reflection.
It is also refracted; hence the
concentration
of the solar rays in a focus by the burning glass.
Various experiments have been made with mirrors, and concave
reflectors.
The effect of the former in destroying the fleet before
Syracuse, an experiment
made by Archimedes, is a fact well authenticated in history.
Concave reflectors have inflamed gun-
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powder.
This subject, hdwever, is noticed at large, when speaking of mirrors as an incendiary in war.
That bodies conduct heat, and with different degrees of power,
SO that some are called good and others bad conductors,
is well
known. This property depends on the quantity of caloric, which
a body receives, before it changes its statec Metals are considered
good conductors, and glass, charcoil, feathers, &c. bad conductors. Hence bad conductors, as wool, kc. preserve the temperature
of the body, or keep it 2etocrmin winter; and snow, for the same
reason, prevents the action of intense cold on the ground. Liquids
also conduct heat. Whether we consider calorie in this case
carried, or transported, as it is more properly defined, the fact
may be shown by several experiments. Eb#lition, or boiling, is
a phenomenon, which depends on the increment of temperature;
for as water, for instance, receives caloric; until the thermometer indicates 212 degrees, the boiling point, mere evaporation ensues; but that temperature, under the usual pressure of the atmosphere, causes the formation of bubbles at the bottom of the vessel,
as that part receives the degree of heat necessary for ebullition
before any other; and these bubbles, as they form, rise in succession, and pass off in the state of steam, while the circumjacent
fluid takes its place, and the process continues till all is boiled
away. Water, when it passes off in the state of steam, which requires a degree of heat equal to 212 degrees of Fahrenheit, receives also 1000 degrees of npn-distributable baloric, or latent
heat; and however singular the fact may appear, the wise Author
of Nature, it seems, has reserved a store oJ caZoric, in this form,
ready to be put in requisition, when necessity demands it, in a
distributable shape.
Caloric, when in a state of rest, exists in different proportions,
and although the actual
temperature may be the same, yet the
quantity of caloric in a quiescent state may be variable. There
are several experiments, which are adduced to illustrate this fact.
I[t results from experiment, that bodies receive heat according to
their several capacities for it; hence, when any number of bodies
are diff’erently heated, the caloric, which becomes latent, does not
distribute itself in equal quantities, but in various proportions,
according, as we remarked, to their several capacities. Caloric,

therefore, in a state of rest, is in relative quantities; and as the
capacity of bodies for heat is variable, and relative as to each
other, the term specijk catoric has been applied. From these
conclusions, we may readily perceive what is implied by an
equality of temperature. That it merely dependson the state of
rest, which caloric necessariiycomesto, and which is relative as
respectsthe capacity of bodies,and nothing more, is a deduction
very plain and obvious. Heat, in a state of motion, may be said
to be progressingto a quiescent state; and equalizatien of temperature, although differently understood,may be consideredan
equalization of fixed caloric, according to the relative capacity of
bodies,without regarding the equalization, which takes place of
uncombined calori
s is manifested by thermometrical instruments.
considering caloric in this view, that of
tending to a state of “rest, and uniting with bodies according to
their respective capacities,we may account for many phenomena;
as, for instance, the quantity of caloric which enters into ice, and
becomeslatent, during liquefaction. The quantity of caloric, in
this respect, may be learnt by adding a pound of ice at 32 degreesto a pound of water at 172 degrees. The temperature will
be much below 102 degrees, the arithmetical mean,viz. 32 degrees. It is evident that the excessof caloric has disappeared;
and by deducting 32 degreesfrom 172 degrees,140 degreesrcmain, which is the quantity of caloric that enters into a pound
of ice during liquefaction, or the quantity required to raisea pound
of water from 32 degreesto 172 degrees. This changeof capacity appearsto be absolutely essentialto the well being of the universe, as affording a constant modification of the action of heat
and cold, the effects of which would otherwisebe inordinate. If
this did not take place, the whole of a massof water, which was
exposedto a temperature above the boiling point, would bc instantly dissipatedin vapour with explosion. The polar ice, wouId
all instantly dissolve, whenever the temperature of the circumambient air was above 32 degrees,if it were not that eachparticIe absorbsa quantity of caIoric in its solution, and thereby generates a degreeof cold which arrests and regulatesthe progressof
the thaw; and the converse of this takes place in congelation,
which is in its turn moderated by the heat developedin conse-

INTE1ODUCTION.

xxxi

quence of the diminution of capacity, which takes place in the
water during its transition to a solid state. The reason why boiling water in the open air never reaches a higher temperature than
212 degrees is evident, if we consider, that the capacity of those
portions of liquid, which are successively resolved into a vapour,
becomes thereby sufficiently augmented to enable them to absorb
the superabundant caloric as fast as it is communicated.
The most obvious effect of caloric on bodies, is the change,
which they undergo when exposed to its action.
That it acts constantly in opposition to the attraction of cohesion or of aggregation, by which bodies pass from a solid to a
fluid, and from a fluid to an aeriform state, and produces also different changes in bodies ,-are facts that come under our daily observation.
It occasions changes in the bulk of bodies; hence solids, liquids,
and gases are expanded, The expansion, and subsequent contraction of atmospheric air, give rise to various winds, which are
currents of air rushing from one point of the compass to another
to maintain an equilibrium,
The theory of the winds is predicated on this fact, although some have asserted, that they depend
greatly on the diurnal motion of the earth. The air thermometer
of Sanctorius, and the differential thermometer of Leslie, are
founded on this principle, of the expansion of air. Fluids expand
until they arrive at the boiling point, as is the case with water,
alcohol, &c. The expansion of mercury, in a glass tube, furnished
with a graduated scale, forms the mercurial thermometer, by the
rise and fall of which, the dift’erent variations of temperature are
marked.
Notwithstanding
caloric has the property of expanding bodies,
there are some exceptions to this law, which may be proper to notice. Water, for instance, at the temperature below 40’ contracts
at every increment of temperature until it reaches ~oQ, which is
‘its maximum of density. Above 400 it expands, until it arrives at
the boiling point. Alumina, or pure argillaceous earth, also contracts by heat; hence it is used in the pyrometer of Wedgwood, to
measure by its contraction intense degrees of heat. Various saline
substances, in the act of crystallization, also expand, Several of
the metals, when previously melted, on cooling exhibit the same
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character; and water, in the act of freezing, exerts a powerful
force by its expansion, competent to the bursting of shells, and the
splitting of rocks.
The changes in bodies, produced by caloric, we have already
noticed.
We will only add, that fluids require diGrent
temperatures, called the boiling point, to make them boil, under the same
.
atmospheric pressure.
Water boils at 212’. Many observatws
have been made with respect to water, both in the state of ice, and
the state of vapour. Besides the accession of 212 degrees of doric, appreciable by the thermometer,
in water in the state of steam,
there is also an accession of non-distributable
caloric, called lutent
heat, which is calculated at 1OOOO. In consequence of this circumstance, steam has been judiciously
applied to various useful purposes, and particularly
in a certain manner for the drying of gunpowder.
That chemical changes are produced by the agency of caloric,
is a fact well known.
It is supposed to occasion decompositions,
according to the laws of affinity, by changing previous affinities,
and causing new affinities to take place. Hence the operations by
fire, whether the substances themselves are exposed in a dry state
to the action of heat, or otherwise, produce new results, or compounds, which could not be made without it. This truth has long
been obvious.
In consequence of a knowledge
of this fact,” Dr.
Black (Lectures vol. i, p. 12,) defined ‘6 chemistry to be the study
of the effects of heat and rnisture, with the view of tliscoveriq
their general and subordinate laws, and of improving the useful
‘arls. 9?
Caloric as a powerful auxiliary, performing
as it does an innumerable multitude of changes and effects, an agent by which the
operations of the universe are maintained
in order and harmony
for universal good, exerts the same efkt in the furnace of the
chemist, as in the great laboratory of nature; and regulates, and
determines all the consequences, which follow a succession of fixed, and appointed changes.*
* Fire mcst have been a very potent instrument in the hands of Haonibal, if we believe what Livy and Pliny assert respecting the means he
employed in crossing the Alps, wl& took him fifteen cIaJ s, after meetins
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We have thus, in this brief and hasty outline of the nature,
principal effects, and properties of caloric, detailed the leading
facts on this subject; from which it will be seen, that caloric, so
far as respects its generation by the combustion of different pyromixtures, and effects, generally, should form a part of Pyrotechny,
and claim the attention of those, who are connected with the preparation of Fire-Works.
Respiration
is also a process which puts quiescent heat in motion.”
In the second part of the work, we embrace the furniture of a
laboratory, for the use of fire-workers,
consisting of various tools
and utensils.
Under this head, we also embrace sundry manipulations,
such
as the preparation
of substances for use, the manner of forming
mixtures, and various anterior operations. The formation of pasteboard for cases, the mode of forming as well as charging cases,
with almost every obstacle. Livy
by pouring

vinegar

upon

it, after

tells us, that Hannibal
softened the rock
it had first been made hot under flaming

piles of huge trees ! M. Rollin quotes Pliny to prove that vinegar
has the
force to break stones and rocks! This story is altogether
fabulous;
for,
in the first place, had he vinegar
sufficient;
and, secondly,
who ever knew
that vinegar
had force, or even the power of dissolving
primitive
rocks,
such as granite or gaeiss; and, thirdly,
if it possessed the power stated by
Pliny, and had he a sufficient
quantity,
where was his wood? For Polybius
assures us, that Hannibal
had no wood to make a fire with, and that there
was not a tree in the place, where he then was, nor near it. That Hanni.
bal passed over the alps into Italy, and at an inclement
season of the year,
is certain, and that it was one of the greatest achievemenls
that. an enterprising commander
ever accomplished,
is generally
admitted.
* Respiration
is a mechanical
and chemical
process, and consists in alternate
inhalation
and exhalation,
which, in consequence
of the oxygen gas
in the air, effects a change in the venous blood that enters the lungs from
the pulmonary
artery.
Now as this blood is charged with carbon,
to which
its dark purple colour
is owing,
it is carried
off in union with oxygen
in
the form of carbonic
acid. Hence carbonic
acid is produced
in respiration,
and the venous bIood is changed into the bright red arterial
blood.
A
common sized man will consume about 46 thousand cubic inches of oxygen per diem; equivalent
to 1% cubic feet of air, and makes about twenty
respirations
in a minute,
or for every seven pulsations
breathes
twice.
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different modes of charging rockets, the dimensions of rammers,
mallets &c. This preliminary
ought to be well understood; as the
successful practice of the art depends greatly on these operations.
We may observe, however, that we have had occasion to repeat
some of these manipulations
in certain instances, to make them
more intelligible;
or rather to present, more in connection with
the subject, a detail of minutiae.
In the digerent compositions, the reader will bear in mind, that
the copious collection of formAe, both old and new, embraces all
the facts, with which we are acquainted, concerning pyrotechnical
preparations.
In most instances, where the importance of the subject required
it, we designated, or set apart from the rest, formulae, which have
been approved, and particularly
in France.
This is more particularly
the case as it respects the fourth and
last part, which appertains
exclusively to Military
Fire-Works.
On this subject, permit me to remark, that fire-works, intended for
the purposes of war, should be depended on; and for that reason,
in order to produce a certain effect, the materials of which they
are composed should be pure, weighed with accuracy in the proportions required, and carefully mixed according to the rules laid
down.
It is true, however, that while this nicety is required in
particular
cases, it is unnecessary in the formation of all fireworks. The composition for carcass and light-ball, for tourteaux,
links, and fascines, and some others, do not require that precision;
whereas the composition for fuses for bombs, howitzes, and grenades should be in every respect accurately made; for on the accuracy of the composition, must depend the time a fuse will burn,
which is afterwards regulated by using more or less of the fuse, according to the time it will take for the shell to reach its destination, on which depends the skill of the bombardier.
Accuracy,
however, in making of preparations should be a general rule.
Viewing Pyrotechny either as a science or an art, there is unA
doubtedly required in its prosecution much skill and practice.
knowledge
of the theory of fire-works may be readily acquired.
The mere artificer or fire-worker,
by constant habit and experience, may understand
it is true how to mix materials, prepare
compositions, charge cases, and perform all other mechanical ope-
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rations; but it is equally certain, that, without a knowledge of chemistry, he cannot understand the theory. We would not say, that
the workmanshouldbe a chemist,but that he should know enough
to determinethe purity of the substanceshe employs, and their
respectivequalities andeffects; for if that principle were admitted,
we might go further and say, that every person, who practices a
chemical art, as the tanner, gluemaker,brazier, &GC.
should be a
chemist,or that the art could not be conducted-withouta previous
knowledge of chemistry, which we know is contrary to fact. This,
however, may be said, that in all arts which are decidedly chemical, as that of dying for instance, chemical knowledgewill enable
the artist or operator to conduct his processeswith better advantage, and correct any old routine, which is too often pursued,because it was handed down from generation to generation. Mr.
Seguin in France facilitated the preparation of tanned leather, by
adopting a new process altogether chemical. In a word, so far as
chemistry is connectedwith the arts, and by which we explain
the operationsthat take place, it is undoubtedly important; and
with regard to Pyrotechny, it appears,in the way we have mentioned, to beindispensible.Chaptal (Elementsde Chimie) observes,
that the works of artificers frequently miscarry in consequenceof
their being unacquaintedwith the art.
In noticing this subject,we may be permitted to digress,while
we state, that, being fully convinced of this truth, we have directed our laboursin the Chemical Department of the United States’
Military Academy to two distinct objects;&z, to theoretical and
experimental chemistry, forming the first year’s course, and chemistry in its application to the arts, manufactures,and domestic
economy, constituting, along with mineralogy, the course of the
secondyear. in addition to the usualapplications,Pyrotechny, in
the mannerwe havestated, and especiallythat branch which treats
of military fire-works, hasclaimed our attention; and we have reason to believe, that this addition, to the usual courseof chemical
instruction, has considerablyadvanced the utility, especially to
gentlemendesignedfor the army, of the application of chemistry.
The system of instruction adopted throughout the academy,in
the different departments, (the plan of which may be seenin the
new hr~y
Regulations,
article Military Academy), which, we
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have no hesitation in believing, is the most complete of any in
the United States, and by far the most extensive,* is so regulated,
that each section of a class regularly recite, and are interrogated
on each subject of instruction, SO that, while an emulation to excel
is thus excited, the comparative merit or standing of the cadets is
thereby determined.
Adopting the same system in the Chemical
department, that of interrogation
on the subject of the preceding
lecture, has many peculiar advantages; so that, while the mind
and memory of the pupil are thus exercised, a comparative estimate of the progress of each one is obtained during each week,
by which we are enabled, as in other departments, to present a
Weekly Class Report of their progress.
While we are indebted to the talents and industry of the-professors and teachers of the Academy, for the flourishing condition
it is now in, and the progress of the cadets in every branch there
taught; it is but justice to remark, that for the present organization of the academy, as relates to the studies, which is obviously
preferable to the old system, and also for the improvements
in
instruction, we are indebted to the present superintendent,
Col. S.
Thayer, of the U. S. corps of engineers:
Considering
pyrotechny,
abstract from the questions usual?y
given, and forming a distinct branch, it may be proper to remark,
that the interrogatories
on this head have been minutely and satisfactorily answered. The following outline will exhibit the-order in
vvhich such questions were put, observing, however, that they are
merely in connection with this subject:
What is saltpetre? What is nitric acid? What is potash? What
are the sources of saltpetre, and how is it obtained?
How is it
formed in nitre beds, extracted, and refined?
What circumstances are necessary to produce nitre, and how does animal matter
act in its production. p What is the dift’erence between the old and
new process for refining saltpetre?
What reagents are used to
discover the presence of foreign substances in nitre?
WThat are
nitre caves? Where do they exist. 2 What are the nitre caves of the
* Of this fact the reader may form
Newton’s
Principia,
Biot’s Physique,
the class books of instruction,
works
found ‘ctought.

some idea, when he is informed, that
Hatchet&
Gregory,
kc. kc. form
which require deep study, and pro-
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country, and how is nitre extracted from the earth?
What proportion of nitre does the saltpetre earth of the nitre
cavesafford? What is the theory of the processfor extracting saltpetre from nitrous earth, or nitrate of lime? What is sulphur?
How is it obtained,and how is it purified for the manufacture of
gunpowder? Of what useis sulphur in the composition of gunpowder? Does it add to the effective force of gunpowder? What
is charcoal? What is the best modeof carbonizing wood for the
purpose of gunpowder? What woodsare preferred for this purpose? In the charring of wood, what part is converted into coal,
and what gasand acid are disengaged? What is the useof charcoal in gunpowder.? What is gunpowder? What are considered
the best proportions for forming it, and what constitutesthe difference betweenpowder for war, for gunning, and for mining?How
doesthe combustionof gunpowder take place? Can you explain
why combustiontakes place without the presence of a gaseous
supporter of combustion,as gunpowder will inflame in vacua?
What are the products of the combustionof gunpowder? What
gasesare generated? To what is the force of fired gunpowder
owing? What are the experiments of Mr. Robinson the force of
gunpowder?How would you separatethe componentparts of gunpowder, soasto determine their proportions? What are gunpowder proofs? What is understoodby the comparative force of gunpowder? What are eprouvcttes? &c. In noticing in the same
manner the preparationsusedfor fire-works, and for war, as the
rocket for instance,the following questionswere propounded;six.
What is a rocket? How is it formed? Is the casealways made
of paper? What is the war rocket? What is the compositionfor
rockets, and how doesit act? What particular care is required
in charging a rocket? What is the causeof the ascensionof rockets? What is the useof the conical cavity, madein a rocket at
the time it is charged,or bored out after it is charged? How do
casescharged with composition impart motion to wheels, and
other piecesof fire-work? What is understoodby the rocket principle? What is the rocket stick, and its use? is the centre of
gravity fixed, or is it shifting in the flight of rockets? How are
rockets discharged. What is the headof a rocket? What is
usually put in the head.J Are all rockets furnished with a head?
Western
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What is understood by the furniture of a rocket? How are the
serpents, stars, fire-rain, &c. forming the furniture of a rocket,
discharged into the air, when the rocket has terminated its flight,
or arrived at its maximum of ascension? What forms the difference between a balloon, in fire-works, and a rocket? As the balloon contains also furniture, and is projected vertically from a
mortar, how is fire communicated to it, so as to burstit in the air?
Is the fuse used, in this case the same as that for bombs, howitzes,
and grenades ? What is the Asiatic rocket? The fougette of the
French? In what seige were they employed with success by the
native troops of India? What was the nature of their war-rocket?
What is the murdering rocket of the French? Is the conical head
hollow, or solid, blunt or pointed? Why is it called the murdering rocket? What is the Congreve rocket? Is Congreve the inventor, or improver of this rocket? What are Congreve rockets
loaded or armed with? In what part is the load placed? Is the
case made of paper or sheet iron.7 What are the sizes of Congreve
rockets?
What are the ranges of Congreve rockets?
What angle of
elevation produces the best range? How are Congreve rockets
discharged in the field, and what number of men are usually employed for that service ? Are the Congreve rockets considered to
be a powerful offensive weapon; and, if so, in what particular?
What is a carcass rocket? As an incendiary, is the carcass rocket
equal to the usual carcass thrown from mortars? What is the carcass
composition made of? What is the Congreve rocket light ball? In
large rockets, are their sticks solid, or bored and filled with gunpowder? Why is that expedient used? &c.
It is obvious, that the student, after obtaining a knowledge of
each subject by the preceding lecture, accompanied with demonstrations, is enabled to detail minutely all the facts in relation to
:+
Il.
Pyrotechny, as known at present, is confined to a few books,
and scattered in a desultory manner, without any regular or connected system. In fact the works which treat on this subject are
in French, or translations from the French on particular subjects,
but generally very imperfect. As applied to the uses of war, we
may indeed say, that the small treatise of Bigot, (7’r&+ d’d?rti$ce
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and Ruggeri (Pyrotechnic
Xlitaire)
are the only
works. VVe have, therefore, consulted theseauthors, as will be
seenin the pagesof the work.
Roger Bacon, in his 0~u.s.ML$us,hasgiven someaccount of the
Greek fire, and of a composition,which seemsto have had the effect of our moderngunpowder.
Malthus (Trait& de 1’ &%Zerie) contains someformulE for
Military Fire- Works. Anzelet and Vanorchis, in their several
works,have given somereceiptsfor incendiary preparations. Henzion (RecreationsJlathematiques)
and JoachimButeliushave also
somethingon the subject.
The celebrated Polander, Casimir Siemienowicz, has nothing
of any moment, if we except the incendiary fire-rain, an account
of which may be seenin the fourth part of our work. His book is
considered,however, the best of the whole of them. Belidor, Theodore Duturbrie, &c. have mentioned somepreparations;but their
works are chiefly confined to artillery.
The improvement of Pyrotechny is ascribed to the Germans
and Italians, and the French acknowledge,that they are indebted
for a knowledgeof it to the Italians. Be this asit may, it is certain, that it wasknown in China from time immemorial.Their acquaintancewith gunpowder, before it was known in Europe, is a
fact which appearsto be generally admitted. For an account of
the Chinesefire-works, and the origin of gunpowder in Europe,
consult thesearticles respectively.
Whatever merit we may claim in this work, as the public will
be ableto judge impartially, it will beseen,by referring to the different chaptersand sections,that we have endeavouredto form a
system,by presenting a connectedview of the whole subject.
Having noticed under separateheads,the particular useand application of eachcomposition,we have addeda chapter on the arrangement of fire-works for exhibition, together with the order to
be observed. We may remark here, that we have enlargedin this
part moreperhapsthan its merit or importancedeserves;but, on
reflection, we thought it better to embracethe whole subject, in
order to form a more completesystem in all its parts.
After going through the fire-works for exhibition, and noticing
the different formuhe, andpreparations,for arrangement,with the
de Guerre),
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theory of efbecfs, we consider, in the next place, a subject of more
importance, that of Military
Pyrotechny.
We have adopted this
arrangement,
more on account of obtaining a better acquaintance
with ordinary fire-works, before the reader is prepared for military works, which he will untlerstand with more facility; for all the
preliminary
operations precede the practical part.
On this head, it will be sufficient to add, to what we have already stated, that we have given in each article, generally speaking, a variety of formulae, with ample instructions for the preparation of each composition.
The table of contents will exhibit
the order in which they are treated.
In noticing the substances used in fire-works, in the first part,
it will be perceived, that we have noticed some of them more extensively according to their importance; as for instance, saltpetre.
Besides the diKerent modes of obtaining saltpetre in Europe and
elsewhere, and the means employed for refining it, we mention the
saltpetre caves of the western country, which furnish an abundance
of this article, and which contain an almost inexhaustible
supply. ,
The extraction of saltpetre from the earth, (principally
nitrate
of lime), by using a lixivium of wood-ashes; the formation of rough,
and subsequently of refined nitre; the various methods of refining
saltpetre, and particularly
that adopted in France; with sundry
facts respecting the origin of nitre, and on the formation of artificial nitre beds; all claim our particular notice.
The extraction of sulphur from its combinations, and the means
used for purifying it for the purpose of gunpowder,
are also considered in the same manner.
The subject of charcoal, an essential constituent of gunpowder,
claims, in like manner, particular attention
The various modes
of charring, the woods employed, the quantity
of coal obtained,
the formation of pyroacetic acid in the process of carbonization,
and many facts of the same kind are considered.
These subjects,
viz. nitre, charcoal, and sulphur, are highly important to the manufacturer of gunpowder.
A knowlege of the various processes for refining saltpetre; the
best and most approved modes of carbonizing
wood; the purification and quality of sulphur; the different processes for making
gunpowder,
with the proportion of the ingredients used in France
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and elsewhere;the granulation, glazing, and drying of powder, the
use of the steamapparatus,and the different modesof proving it,
and of examiningit chemically; and the meansof ascertainingthe
purity of nitre in any specimenof gunpowder; are, with others,
subjectsof particular interest to the gunpowdermanufacturer.
With respect to the Theory of the explosion of gunpowder,
we have noticed it at somelength, and have added the experiments and observationsof Mr. Robins, and of other persons,made
at different periods.
In the consideration
of the gaseous products, and the caloric
evolved by the combustionof powder, we have taken a view of
the gasesproduced, the cause of their production, the dilatation
which they suffer, and the experiments of Lavoisier and Laplace,
with regard to latent heat, and deducing therefrom someviews of
the probable cause of the production of caloric in fired gunpowder,*
* Variousapplications
of chemistry, among which that to gunpowder,
drew my attention at an early period of life. In the Aurora of Philad.
I published a series of essays on this and other ‘subjects, which, from the
letters received at that time, I flatter myselftended in some degree to advance the manufacturing interest in the United States; an interest, which
is connected with our individual and national prosperity, and the permunmt and praetkal independence of the republic.
These essays were entitled “ Application of chemistry to the arts and manufactures,” and published in 1808. I have since enlarged that plan in the Artist’s Manual,
&c. 2 ~01s. 8~0. While noticing this subject we may add, that, having
the honour of being one of the few of the original society of Philadelphia
for the promotion of National Industry, whose essaysexcited, as they claimed, the attention of the citizens of the United States, much is due to the
indefatigable labours of some of the members of that association. We are
greatly indebtqd to the able and masterly pen of SAMUEL JACKSON M. D.
Professor of Pharmacy in the college of Apothecaries, of Philadelphia, for
many of the best essays it produced, whose disinterested motives,liberal
and exalted mind, and pure patriotic feeling prompted him to the laudable
undertaking; and whose essays were full, clear, and comprehensive.
Viewing his talents, his worth, his merit, we may truly add, that he is not
only an honour to the country which gave him birth, but an ornament to
the age in which he lives. The able address of the Philadelphia Lin..
nzan society, penned and signed by him, the lnte SamuelA13eneaet, M. II.
f
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Our observationsrespecting rockets, the theory of their ascension,of the Congreve carcassand Asiatic rockets, and someothers,
are we apprehendsufficiently extensive. As it regardsthe different incendiary compositions,and their usein war, the reader will
find ample instructions on theseheads.
We may also remark, that we have given someof the morecommon, or general properties of ‘the substances,employed in the
composition of fire-works, without going into that detail, which
belongsexclusively to works that treat of Chemistry. It wasneither our design,nor have we given, for the reasonsthus stated,ccl2
the chemicalcharactersor properties of the substancesso employed; and, therefore, have confined ourselves,generally speaking,to
an enumerationof suchproperties as are connectedwith the subject, or are indispensablynecessary to be known, before a rationale of the causesand effects can be understood.
It was our intention to accompany the work with plates, exhibiting the arrangement, &c. of fire-works, which, there can be
no doubt, would have facilitated in particular the knowledge of
forming, and arranging, certain pieces of fire-work; but, on
secondreflection, as suchillustrations were connected more with
fancy exhibitions, and have little or no relation to Military Fireworks, the most useful branch of Pyrotechny, we were finally
of opinion, that the addition of plates would greatly enhancethe
price, without advancing or adding to the value of the work.
If, however, a secondedition shouldberequired, variousfigures
in illustration of particular subjectsmay be added,either with a distinct explanatory chapter, or a reference from the articles themselves,with the necessaryexplanation, to the figures respectively,
It would require at least twenty-five plates to include all the
figures we originally intended to have introduced.
Before concluding this introduction, it remainsfor us to remark,
that, in forming this work, we consulted a variety of authors, but
with little advantage, except someFrench works, which we shall
notice.
Chaptal (Clzimie k?ppliqud aux Jrts;) Bigot (&ti$ce
de
and the author, as a committee, although written many years ago, contains the principles,which are now advocated for the support and encouragementof national industry. This address was calculated, hdwever, to promote,at the same time,the interestsof Natural History,
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Guerre;) Morel (Feux d’ .!?Arti$ce;)Thenard (Trait4 de Chimie;)
Ruggeri (Pyrotechnic &St&e;)
MM. Bottle andRiffault ( TraitC
de L’Art de Fabriqub la Poudre d canon;) Peyrt: (Le Jfouvement
Igne;) Biot (Traitb
de Physique, Recherches Experimentales
et
Zathematique,
sur les mouvement des Hole&es de In Lumiere,
$c.> M. Duloc (Theorie Souvelle sur le JKechanisme de l’krtillerie;) the Dictionnaire
de I’lndustrie;
the Dictionnaire
Encyclopedique des Jlrts et Aletiers Jfecaniques, article JZrt de L’&ti$cier;
CEuvre Jlilitaire;
Archives des Decouverte; 8ysteme des Connoissances Chimiques par .A F. Fourcroy;
&de-Xemoire
a l’usage des
oficiers dy&tillerie
de France.

We examinedvarious authors in English; and with regard to
the origin of inventions, we found the learned, and valuable work
of professor Beckman (History of Inventions)
very useful, and
LikewiseJames’sJfilitary Dictionary.
To the Encyclopedia
Britannica, we are indebted for many interesting facts, and someextracts on fire-works for exhibition.
On the subject of mining, we consulted the Treatise on mines
-for the use of the Royal JlIilitary
Jlcademy, by Landmann.
We deemit necessary to observe,that, in collecting our formu1~ for military fire-works, although we have sometimesextracted
from the Strasbourg
oir, the Bombardier
and Pocket-Gunner,
and the .MiZitary Uict
ry of Duane and James,we have generally followed Bigot; asthe formulaewhich he gives for the preparation of Military fire-works have been approved by the French
government; and where any thing of importance occurred in Ruggeri, we have, for the samereason,extracted such formulE from
that author.
As respectsthe turtle, torpedo, and catamarin, submarine ma=,
chines, it appears that Bushnel (Trans. $1~. Phil. 8oc.) claims
the originality of the discovery from the date of his invention, although similar contrivances had long agobeensuggested.Fulton’s
improvements,in the torpedo, are deserving of particular attention; but it is plain, that the Catamarin of the English is the same
in principle and application as Fulton’s torpedo, and that Fulton
deservesthe merit of it. Congreve,if we believe Ruggeri, wasnot
the inventor of the rocket, which bearshis name; for, according to
him, it was invented about the year 1798 by a naval officer ai
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Bourdeaux.
It is certain, however, it was neither much known,
nor used before the attack on Copenhagen.
It is certain that the present incendiary fire-stone was taken
from the recipe for fire-rain contained in the military work of
Cassimir Siemienowick, or that the fire-rain gave rise to a sin&r
preparation. The idea of the pyrophore, mentioned in the Jrchives des llecouverte, must have originated from the useof the
powder-barrel, and of similar meansof defence. We might enumerate many other inventions, which owetheir origin in the same
way.

4 SYSTEM

PYROTECHNY,

CHAPTER
PYROTECHNY

IN

I.
GENERAL,

PYROTECHNY
is defined
the doctrine of artificial fire-works,
whether for war or exhibition, and is derived from the
Greek, rue fire, and TEXW art. In a Inorr general sense, it comprehends the structure and use of fire-arms, and the science
which teaches the management and application of fire in several operations.

Sec.

IL

Generaltbeory

ofPyrote&ny.

In the composition of artificial fire, various substances are
emplayed, having different properties, and designed to produce certain effects characterised
by particular phenun>cna.
These substances are either infiammable, or support the cc&mVOustion of inflammable bodies.
As pyrotechnical
mixtures
are differently formed, and of various substances, the elects
are also modified, although combustion, uncier some shape
always takes place.
Combustion is either modified, retarded, or acceler;itc&
I3
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and in consequenceof the presenceof certain substances,different appearancesare given to flame.
The conditions necessary for corntlustion are, the presence
of a cor6busrible substance,of a supporter of combustion, and
a certain- temperature. Thus, charcoal when raised to the
temperature of 400Q in the open air, takes fire. This elevation of temperatlbre enables it to act chemically on the oxygen qas ot the atmosphere; the latter, as it comes in contact,
being [lecom posed. Now, as oxygen gas is a combination of
oxygen and caloric, the caloric being in a latent state, the
charcoal unites with the oxygen:, and the phenomena of combustion ensue; that is, an evolution of heat and light. The
caloric of the decomposed gas is given out in a free state,
and, accord:ng to the theory of Dr. Thomson, (Thomson’s
Sysfem 0,6’Chemzstry, vol. i.) the light proceeds from the
burning body. We hhve then an instance of combustion, in
which there IS a combustible, a supporter of combustion, and
an elevated temperature. The old theory of combustion, called the Stahlian theory, which presupposesan element called
phlogiston, or a principle of fire, to exist in all bodies under
some modification, would explain these effects by merely supposing, that combustion was nothing more than a disengagement of phlogiston; and that when a body had lost its inflammable principle, (as a metal, when oxidized), it became dephlogisticated. But, as it proved that phlogiston is a h~.pothetical element, and the anti-phlogistic doctrine clearly
shows, that combustion is no other than a process-Nhich unites
the supporter with the combustible, forming new products;
it follows, that, in all changes of the kind, the samereasoning
will apply, and the same principle be tenable.
The products of combustion depend on the nature of the
substance burnt, and the supporter employed. Thus, in the
instance just mentioned, the charcoal, by Its union with oxygen, is changed into carbonic acid, which takes the gaseous
state.
We say then, that carbonic acid is the product of the
combustion of charcoal, or, chemically speaking, of carbon.
As resins, oil, kc. contain hydrogen, as ~eell as carbon, the
products in zuch cases would be water, as well as carbonic
acid.
The chemical effects, therefore, which we consider in fireworks, forming the basis on which a theory of sundry phenomena may be formed, are no other than the result of the
action of one body on another, according to the laws which
govern such action, and the consequent operation of chemical combination. Combustion, in fire-works, may be con-
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sidered a primary agent in all eJc>cts which characterise’artificial fire.
The second change, with respect to the appearance of the
flame, the formation of stars, serpents, rain, &CC.terms used
in the art, is owing either to new chemical changes which
the substances undergo, or to the decomposition of the products themselves.
These effects, it is obvious, must be governed by the circumstances,
umler which the mixtures ?re
made. Saltpetre, for instance, is the basis of fire-works,
whether used in a separate state, or employed in mixture
with charcoal and sulphur, as in gun-powder;
and, from its
composition, is adapted to all the purposes of the art, because
it yields its oxygen very readily to all inflammable bodies.
In consequence of the decomposition, it undergoes at an ele‘ vated tern perature, when brought in contact with charcoal,
sulphur, &c. and various suhstanccs which contain carbon, as
pitch, rosin, turpentiue, tallow, copal, and amber, combustion results,and, according to circumstances,
is more or less
rapid, and the flame also more or less brilliant.
When charcoal, in the state of ignition, is brought in contact with nitrc, a deflagration takes place, because, at the
temperature of ignition, it has the property of decomposing
the nitric acid of the nitrtr; and as this process unites the
carbon with the oxygen, in the proportion necessary to constitute carbonic acid,this acid is accordingly produced. When,
therefore, we inflame a mixture of nitre; charcoal, and sulphur, or gun-powder,
the whole or greater part disappears;
and if we were to collect in a pneumatic apparatus, the products of the combustion, it would be found, that they are
nearly altogether gaseous, and composed, as we shall speak
hereafter, of sundry elastic a&-iform fluids.
This decomposition, the immediate effect of the charcoal on the nitric
acid of the nitre, is the same as in the preceding instance,
for carbonic acid gas is formed in both cases. We have
then another instance of combustion, where a number of substances are concerned, and therefore, the products must be
nuwIerous.

kt’e notice this subject more particularly,
since, as in the
diEerent fire-works,
nitre and inflammahlt: bodies are uked
in different proportions,
the result is always affected by the
same laws of chemical decomposition; for the same subatznces, placed under sitnilar circumstances of proportion, mixture, &c, afford the like results.
If carbon alone be cmp oyed, carbonic acid gas is the result; if oil, tailo:v, rosin, or turpentine be used, we have then, as we had occasion to remark,
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water, as well as carbonic acid, by reason of the union of
the hydrogen, which forms one of their constituent parts,
with a part of the oxygen of the nitric acid.
Again, in a composrtlon of mealed powder, rosin and sulphur, with or without the addition of saw dust, we infer, from
the composition of the ingredients
and the chemical action
which subsequently takes place, that the products of combustion would be carbonic acid gas, sulphurous acid gas, water,
sulphuretted hydrogen, and probably azotic, and nitric oxide
gases. If the filings of steel, brass, zinc, or copper, enter into
the composition, besides the products above-mentioned,
there
would be either an oxide of iron, an oxide of zinc, or, an
oxide of copper, according as one or other of these metals
are employed.
Copper; in fire-works,
has the effect of communicating
a
green colour to the flame. M. Hornberg, (Collection Acad)
observes, that the green colour in such cases is owing to the
dissolution of the metal, which in fact is nothing more than
the efkct af its oxidizement.
The various compositions for brilliant fire, as the Chinese
fire, owe their peculiar character to pulverised*cast
iron, and
commonly to steel and iron filings. Now the effects in these
ca?es are the same; for the same oxidizement ensues, more
or less rapidly, which in fact distinguishes
the kinds of
brilliant fire. That of the Chinese is the most perfect, and
nest is the composition
made with steel filings.
It will
be seen, however, that compositions generally are governed,
in their respective appearances when inflamed, by the purity,
as well as the proportion
of other substances, which enter
into them; and hence much of their effect depends on collateral circumstances, which we purpose to consider when we
treat of the compositions individually.
That the light of certain burning bodies may be increased,
i:j evident from these facts; and experiment has shown, that
the intensity of the light of burning sulphwr, hydrogen, care
bonic oxide, SK. is increased by throwing
into them, zinc,
or its oxide, iron, and other metals, or by placing in them
very fine ainianthus or metallic gauze.
Protochloride
of
copper burns with a dense red light, tinged with green and
blue towards the edges. If the hvdrogen of the oil acts in
scparatmg the chlorine from the copper, and the reduced
copper is ignited by the charcoal, this appearance must neeessarilt enbue.
Whi:n solid matter is the product of combustion, as in the
f~~yn:Eni,;c!f phosphorus, zinc, iron, &c, the flame is remark*
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ed to be more intense.
Flame may be modified
under
other circumstances, as we will have occasion to mention
hereafter.
When, for instance, a wire-gauze safety-lamp is
made to burn in a very explosive mixture of coal gas and
air, the light is very feeble and of a pale colour; but when
a current of coal gas is burnt in atmospheric air, the combustion is rapid and the flame brilliant.
Dr. Ure thinks it probable, (Dicticnary
of Chemistry,
article combustion,)
that, when the colour of the flame is
changed by the introduction
of incombustible
compounds,
the effect depends on the production,
and subsequent ignition or combustion
of inflammable
matter from them.
Thus he infers, that the rose-coloured
light given to flame
and the yelby the compnllnrlc. of strontium
and calcium,
low colour given by those of barium, and the green by
those of boron, may-depend upon a temporary production of
these bases, by the inflammable matter of the flame. It is inferred also, as a probable conclusion, that the heat of flames may
be actually diminished by increasing their light, (at least the
heat communicable
to other matter), and D&X versa; because,
in the most intense heat, as in the compound blow pipe, or
in Newman’s blow pipe apparatus, in which a mixture of oxygen and hydrogen gases is compressed, the flame, although
hardly visible in bright day light, instantly fuses the most
refractory bodies; but the light of solid bodies ignited in it,
is SO vivid as to be painful to the eye.
Some curious facts with regard to flame, in connection
with electricity,
are given by Brande in the Phil. Trans.
for 1814
He supposes that some chemical bodies are
naturally in the resinous, and others in the positive electrical
state. He supposes also, as a consequence, that the positive
flame will bz attracted, and neutralize the negative polarity,
while the negative flame will operate a similar change by
inducing an equilibrium
at the positive pole. Thus he found,
that certain flames were attracted by the positive ball of
an electrical apparatus, and others attrsted by the negative
ball.
I’he flame of sulphur and phdsphorus is attracted
by the positive pole, and the flame of camphor, resins, and
hydrogen by the negative pole.
In relation to the production
of flame, \ve may observe,
that, as sundry solid and fluid substances are inflammable,
:he products of combustion depend on the composition of
the substance made use of, and the condition under which it
is burnt. As to gaseous substancr:s that are inflammable,
the base of some gases, we may remark, as carbon and hydro-

gen, unite in the process of combustion with the base of
other gases, (as oxygen;) and in other instances, the gas itself
takes fire, and exhibits the phenomena of flame.
Now carbonic acid gas extinguishes flame, although its base is inflammable; but hydrogen, as well as hydrogen gas, is inflammable,
and when burnt in oxygen gas or atmosphrric air produces
water, which also extinguishes the flame of burning bodies.
As we will have occasion to notice a variety of apriform
fluids, especially when wr: treat of the ai;riform products of
fired gun-powder,
a few remarks on this head may be useful
at this time.
By the combustion of bodies, substances are generated that
are either gaseous or solid, whence arises the variety of prodUcts.
Of atiriform fIllids, some are coloured, as nitrous
acid vapour, (uitrous
gas and oxygen), chlorine, and the
protoside
and deutoxide
of chlorine,
The first is red,
the rest yellowish-green,
or yellowish.
Some relight a taper, provided the wick remain ignited, as oxygen gas,-protoxide of azote, and the oxides of chfarine. Others produce
zvhite unpours in the air, as muriatic acid, fluoboric, fluosliitic, and hydriodic.
The inflamm:lble gases, which take fire in
the air by contact of the lighted taper, are hydrogen, hydroguret, and bihj-droguret
of carbon, carbonic oxide, prussine or cyanogen, called also carburet of azote, and phosphuretted, sulphuretted,
arsenuretted,
telluretted,
and potaysuOther gases are acid, and redden litmus,
retted h\.drogen.
which, for that reason, are calied acid gases, such as nitrous,
sulphurous, muriacic, Buohoric, hydriodic, fklosilicic, chlorocarbonic, and carbonic acids; the oxides of chlorine, sulhydrogen, and carburet of
phuretted hytlrr>gen, telluretted
azotet. Sm-rl~ gases are destitclte of stnell, as oxygen, azote
and its protoxide,
and car&nic
acid; while others have a
i;dour, as ammoniacal gas. SOiXe
strong and characteristic
gases are very soluble in water, and others but slightly soluble, such as fluoric, fluosilicic,
carbonic, sulphurous, and
muriatic acids, and a%moniacai gas. Alkalinesolutions
absorb
some gases, as nitrou‘s, sulphurous, muriatic, fluoboric, carbonic, hydriodic, fluosilicic, chlorine, chlorocarbonic,
and the
two oxides of chlorine, sulphuretted
hydrogen, telluretted
Alkaline gases are ammonia, and
hydrogen, and ammonia.
!Potassurettrd hydrogen.
The character of gases is well defined.
The compound
?;as of nhosphorus and hydrogen takes fire spontanerlusly in
e’le a&osphere,
burning with a brilliant white flame; but
zht;re is another gas formed of the same sulxtanccs, that doe:

‘tlot infi ame spontaneously,
but is inflammable,
called subphosphuretted
hydrogen.
This
gas has a strong
smell of
garlic or phosphorus,
and is lumfnous
in the dark.
It may
be this peculiar
combination,
which
gives rise to the Agnes
fatui; but the permanent
ignes fatui,
observed
in volcanic
countries,
are said to be the slow combustion
of sulphur,
forn-xing sulphurous
acid gas. Sir H. Davy found, that phosphuretted
hydrogen
produced
a flash of light when admitted into the best vacuum
that could
be made by an excellent pump of Nairn’s
construction.
Naphtha
in contact with red hot iron glows with a lambent
flame at a rarefaction
of thirty
times, though
its flame ceases
at an atmospheric
rarefaction
of six.
Camphor
ceases to
burn in an air rarefied
s‘ix times,
but, in a glass tube which
becomes
ignited,
the flame of camphor
exists under ninefold
rarefaction;
whereas
phosphorus,
according
to the experiments&df Van Marum,
will burn, although
the atmosphrre
be rarefied sixty times. Hydrogen
gas will burn in a rarefied
air, when it is four or five times less than the pressure of the
atmosphere,
and its flame be extinguished,
when the pressure
is between seven and eight times less; from which it is inferred, that the flame is extinguished
in rarefied
atmospheres,
only when the heat it products
is insufficient
to keep up the
combustion.
Olefiant
gas (hy d roquret
of carbon)
ceased
to burn in an atmosphere,
where its pressure was diminished
between ten and eleven times.
The flames of alcohol
and of
wax taper were extinguished
in an atmosphere,
where pressure was five or six times less without
the wire of platinum,
and seven or ei+t
times less when the wire was kept in the
flame.
See Flameless Lump.
Several
interesting
conclusions may be drawn from
these facts, which,
to enumerate,
would lead us beyond our design.
It will be sufficient,
therefore, to add, thnt although
a supporter
of combustion
is necessary for that process, and flame may be differently
modified , yet combustion
ceases if the pressure
of the atmosphere
be diminished
in certain
ratios,
as already
noticed.
Besides
nitre, other saline substances
which contain
OXYgen feebly combined,
have been used for the same purpose.
Some years ago, it was proposed
to substitute
the hyperoxymuriate,
now called chlorate
of potassa,
for nitre in the
formation
of gun-powder.
As chlorate
of potassa,
when
mixed with sulphur,
&c, produces
combustion
by percussion,
or by the contact
of fire, this effect is attributed
to the
same cause ,-the
separation
of oxygen,
not from azote, but

from the chlorine

of the chloric

acid,

Hence,

when that

.
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salt is used in fire works, the result of the combustion
to that in which nitre is employed; at least as regarlls
the union of the oxygen with the elementary principles of
On this subject, we shall make some
the inflammable body.
Nitrate of soda, a salt which contains
remarks hereafter.
nitric acid, and similar to saltpetre in that particular,
has
It has, however,
been recommended
also for fire works.
Our object in noticing it at this time is
several objections,
to remark, that, when it is so employed, its effect is the
*same as nitrate of potassa, or saltpetre, by furnishing oxySee AWate
of &da.
gen as the supporter of combustion.
We are of opitiion, that many of the nitrates might be
advantageously
employed in the manufacture
of fire works.
Some, as nitrate of strontian, communicate a red colour to
Nitrate
of lime also might
flame, as the flame of alcohol.
be used.
All nitrates, as well as the different hyperoxymuriates,
or
chlorates, contain oxygen as an essential ingredient in. the
acid of their respective
salts, which is readily given up to
inflammable
substances.
When nitrates are employed for fire works, they should be
free from moisture, or water of crystallization,
uniess otherwise required.
The presence of water may, in many cases,
prove injurious to the composition;
and, consequently, the
effect in those instances, may he influenced by this circumstance. The composition
of nitric acid, and the action of
carbon in the decomposition
of the nitrates, or salts formed
by the union of nitric acid with sundry bases, will claim our
attention in the article on gun-powder.
With respect to the production
of colours, some remarks
on this subject may be here added.
Speaking of cQlours, HaAy (Elementary
Treatise
of Naa
feral Philoso@~, trans. ii. p. 253.) takes into view their formation according to the Newtonian
doctrine; and in a note
by the translator, several instances are given of the change
of colour by oxidizemect
and other processes. Iron when
exposed to heat in contact with atmospheric air gradually
The colours proabsorbs oxygen, and changes its colour.
duced depend entirely on the Quantity of oxygen, and on
the absorption of some of the rays of light, and the reflection
of others. See Iron. The tempering of steel instruments
depends on this property,
and also the blueing of sword
The first impression
blades, and many similar operations.
of fire usually developes a blue cofour; a second degree prosimilar

duces a yellow; and, if the oxidiaement augments, the irofi
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becomes red. The major part of the metals present similar
phenomena.
In vegetables, the blue colour is formed by fermentation;
and many of these colours are susceptible of passing to
red by a greater quantity of oxygen, as they depend on the
absorption
of oxygen. It is thus that the green fecula of-’
indigo becomes blue; turnsol, red by air and acids; an# the
protoferrocyanate
of iron, blue when exposed to the air.
When meat putrefies, the first degree of oxygenation decides the blue colour; the red soon succeeds as the process
goes on. It would seem that the maximum of oxidation
determines the reflection of rays of every kind, in the same
proportions as subsist in solar light, of which we have many
instances in combustion.
The flame of burning bodies exhibits the same phenomena.
It is blue when the combination of oxygen is slow; red when
it is stronger, and white when the oxygenation is complete.
These facts lead to the conclusion, that the combination
of oxygen, and its propbrtions,
give birth in bodies to the
property of reflecting corresponding
rays of light; but, since
the combination of oxygen in different proportions ought to
change the thickness and density of the component laminsc,
and, consequently, to produce variations in the colours, this
doctrine is not easily reconciled with the received theory.
By considering the temperature
necessary to inflame different bodies; the nature of flame, and the relation between
light and heat, which compose it; the ‘caloric disengaged
in a free state during the combustion of bodies, and the
causes, which modify the appearance of flame,--we
may be
enabled to account for the phenomena already noticed. Thus,
phosphorus at 1~00, and sulphur at 55OQ, are said to taice
fire, and two acid products are formed; at 800°, hydrogen
gas explodes with oxygen, and produces water; and, according to Ure’s view, the flame of combustible bodies may in
all cases be considered as the combu&on
of an e~+ive
mixture of inflammable gas, or vapour, with air; and as to
the change of quiescent into distributable heat, and the causes
that modify combustion and flame, the facts on these beads
are numerous and very important.

The spltr It;l-e, which was invented by the Chinese, but
brought to perf&tion
in Europe, is remarkably
beautiful
when employed in some particular parts of fire-works,
‘rhis~:
c

fire was so named from the effect it produces, that of forming
scintillations, resembling a shower, or drops of rain, or the
pot is formed of this
rowel of a spur. The art$‘fjciui~~irwer
fire. The stars ad jhks, which it produces, are said to be
brilliant. The composition of spur fire being saltpetre, lamp=
black, and snlph~, in the proportions WC shall give hereafter,
is similar in f:lct to that of gunpowder; for the lampblack
acts in the same manner as common charcoal, As the lamp?~l:~%, however, is c.utremely fine, and of a purer quality, its
netion on that account may be more powerful.
While one
portion of it decomposes the nitric acid of the nitre, with the
oxygen of which it forms carbonic acid; another portion is
thrown off in actual combus!ion,
which puts on the appearance we have mentioned.
LampUack,
it is to be observed,
is a very impalpable powder, and takes fire with more facility than pulverised charcoal.
The lampblack, therefore,
is consumed both by the oxygen of the nitre, and the oxygen gas furnished by the atmospheric air. With respect to the sulphur, it facilitates the cornbustion, as it is more readily inflamed, and it forms in the
process of combustion, stdphur~us acid gas, Spur firehas been
improved by the addition of steel filings: They produce very
brillinnt scintillntions, in the combustion of which, oxide of
iron is fmmed.
I$‘ith respect to the composition of rockets, the materials of which are united in different proportions, we will
remark at this time, that as mealed powder, saltpetre, and
charcoal constitute their principal ingredients, the chemical
effect is similar to that we have stated. The combustion
of mch mixtures is attribut;:d to the same cause; for whelher we con3ider the composition of gunpowder, or the ex:ra addition of saltpetre and charcoal, or the substitution
of nitrc for the gunpowder,
the action must be the same,
and therefore
the products of combustion, similar.
The
12ction, however, as the effect evidently shows, is &Lcted by
rhc prdi:ertion of thi; substances employed, and 11~other circumstances which we shall notice hereafter. The &&rent ap~~arznccs, therefore, are owing entirely to the composition,
2s in z&et stizr~, rai?ls, h~erhcs, towbillons, WC.
It rn;:> appear surprising,
that the combustion of gun~mwcier v;I th other substances, previously
well rammed in
c;k’-“$
&. , ~5 in the rocket, will give to the case a ~PZUWI~~Z~~
of
j;reat velocity and force.
This motion is regulated by the
~&WCC of the rocket; and its power depends upon the size of
the c:tse’, 2nd the compactness of the composition.
There
IS nothing n~5E’,however, in the fact; for it is perfectly famili-

ar with every one, if we cansirler the recoil of a pm when
fired, the powder hnvin, f-9 n resistance to overcome, as the
ball, that the explosive effect of gunpowder
is equal, and
that the gases prodl!crd
impel on all sides. Xmv the eKect
of a ball is as the diRereucc> of its weigh; with the weight of
so much lighter is propcllcti
ihe gun; while the one king
forward with great celerity, 2nd with a correspon4itlg
projectile force, the other suftc;rs 11nt Iit& m:~tinn, which we
term the recoil.
The combustion ~.;f the materials, ol’ which
a rocket is composed, in a case, and in many il1.t: works
where the cases are a,rranged on wheels, 8~. which act 011
the rocket-principle,
produces in like manner a force p~opcrtionate to the quantity of the material employed, and the
manner it is driven in the case. The force in such instances
is given to the rocket by the combustible substances; and
the rocket itself when free, will ascend, or move in the direction required; or if small cases are fixed on whcc2s, mbich
move on an axis, they communicate motion, as in the sit$e
vertical wheels, horizontal wheels, plural wheels, and the llkc,
That rockets
and may then be considered a moving power.
are used as a missile weapon is well known.
They were
employed by the native troops of India against the British
during the siege of Seringapatam
in 1799, Mr. Congreve,
the inventor of the war-rocket
which bears his name, may
have received his first idea c?f using rockets from this cirThis rocket will be c!cs&bed hereafter.
The
cumstance.
projectile force of the rocket is well calculated for the conveyance of case shot to great distances; because, as it proceeds, its velocitv is accelerated injtcad oi’ being rctarJ~:f,
as happens
with
every other projectile, whiie t?ie averagtz
velocity of the shell is grextcr
than that of thi: rocket only ill
the ratio of 9 to S. ‘Il’hc basis of ti;is i;~c~;:;i~ of power in I&,.:
flight of rockets, induced Congrere to make a numbly o1’ txperiments, which resulted in their improvement,
so far ::s
they may be used of various calibres, either for explosion or
conflagration,
and armed both with shells and case shot. f t
may be sufficient to ri:mark, th:lt the 32 PY’.pocket carcass.
which has been usc~i in bombardment,
will range 3OW yards
of combustible matter as that COIIwith the same quantity
Pained in the ten inch spherical carcass.
M.

de

*
mngC!iiot!s

UuiFon,

(iUe77ZI;ir.S

dc

I’Accdemie,

174OJ

Wrote

a!?

rockets, in which he states
the
ap;?t~;discs
which
111ay
!)L l;at
to
them.
1’1’wc inquire into the cause of time ascension o-f rOcketSr
It will appear, th::t this apparently
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we have already remarked, is owing to the decomposition,
and the consequent production and disengagement of a large
quantity of gaseous fluid and caloric.
The impelling power,
as in the large Congrevt
rocket, of which we had occasion
to speak, is regulated in proportion
to its size, and the accuracy with which the materials have been driven.
The manner in which the Aame, and, consequently, the
gases are expelled from the orifice of a rocket, resembles the
operation of an 32olipile, which throws out the vapour of
As the
water, and sets in motion the air in its vicinity.
more flexible must yield to the more solid body, so, in this
respect, the gases produced are repelled by the air in contact with the orifice of the rocket.
Thus it foliows, that the
rocket displaces a volume cf air of a much greater weight
than itself.
The rocket then has upon the air, reasoning Q
priori, the same effect as the oars of a boat have upon water;
and hence, the greater the volume of fire from the rocket,
the greater is its velocity and ascent. The impelling force
also increases as it consumes, being a uniformly accelerated
motion.
It also appears, that a rocket sent in an horizontal direction will not pass over so great a distance, as when its motion is vertical; for, a rocket, directed in a line paralfel to the
horizon, passes through a medium of equal density, but if
directed perpendicular
to the horizon, from the moment
it leaves the ground till it arrives at its greatest height, it
penetrates and passes through an atmosphere whose density
and consequently
its impelling
is continually
decreasing,
force meets with less resistance,
But when we consider the
increase of the force of the rocket, there is no comparison
tjetween
that force, and the diminution of the density of the
,
;iur.
From these premises it follows, that the ascension of
:! ackets of all kinds is governed by one principle, namely,
the disengagement of gaseous fluids and caloric, which displacing an equal volume of atmospheric
air, operates by
mutual contact.
Since, however, the air is heavier than the gases produced
1)y the rocket, as the latter are greatly expanded,
it is evident,
that the gases will ascend; their specific gravity
at the time
of dilatation being less than that of the air.
The gases proceeding
ft-om the interior of the rocket, act
thrrefore upon the air in the immediate vicinity of the oriGee, and the rocket is consequently propelled,the
stick guiding it in the direction given to it. If it were not for the
rocket-stick or balance, its direction would be neither vcgu-

;iar nor certain.
Considering
then, that, by the rocket-stick,
the centre cf gravity is changed from the rocket itself to the
stick, the motion is regulated in its perpendicular
flight by
the stick. The rocket-stick must be always of a proportionate
length and weight to the rocket.
The motion given to rockets is always to be considered, for
this depends upon the direction
at first imparted; but the
force of ascension is regulated by the size, and other circumstances which we have mentioned.
Assuming the principle of constant force acting upon the
rocket, its velocity will increase with the time, and wiil be
as the squares of the time, according to the principles of uniform accelerated motion; but if the force varies from uniformity, then the velocity and spaces will prOpOrtionatJly
vary.
As action and z-e-action must be equal, the repulsion produced by* the action of the gases upon the air is equal to the
force impelling
the rocket.
The constant action produces
equal acceleration of the motion.
On the subject of the condensation and dilatation of air,
and the diff~rreut pressures at a mean temperature, which is
more or less connected with this inquiry, the reader may
consult with advantage, the work of Mr. Biot, (Trait6
de
.f’hysigue, &c. tome i, p. 110, and 14'1.) The conclusions of
ilMr. Nobins on the gaseous products of gunpowder,
and
the elasticity of those products, may be seen by referring to
Ihe article on .giinpozvder.
It must be confessed, that the theory of rockets differs in
many essential particulars from that of the usual projectiles;
’ for the motion of rockets is more complicated than that of
common projectiles, and is described to partake of all the
:mnmalies that attend the accelerated motion
arising from the
rocket composition,
and the uniform motion of the rocketcase, after the composition is expended.
It is a fact, which
:ippears to be established, that little or no advantage has yet
f;een gained from the experiments that have betn made with
cannon, even where the angle of elevation, and the initiai
velocity of the ball were both nccuratelv known. It seems totally useless to look for mathematical
investigations,
with
respect to determining
the ranges, UC. of military rockets;
~Jecause,
if we could determine, with the greatest accuracy,
the point, position, and velocity of the rocket, at the moment
when the composition was expended, the remaining part of
its track would still he subject to all the inequalities attending on common projectiles.
During the burning of the rocket, however, its motion might, by a series of experiments,
be rsduccd to precise rules. As the principles of gunnery,

or rather of projectiles, involve a number of collateral circumstances, such as the exact momentum of any given ball when
projected with a given velocity, and from a given distance,
the subject is still not fully settled; butthey are so far conclusive, that the resistance of the air to the same ball is as some
function of the velocity.
The remarks of Dr. Hutton on this
head would be too lengthy. A rocket, however, is very different. The very medium, in this case, is the principal agent in
producing the motion; and being enabled to ascertain all the
successive energies of the propelling power, and the resisting
force, we may thus far de&ermine correctly.
It is suggested, that n rocket fixed to the ballistic pendulum would determine its whole energy; but, in order to make the experiment
mm-e perfect, it is proposed to attach it to a wheel, or revelCng bodv, and then t4 measure its successive energies by the
motion 01 some weight attached to the revolving
axis of the
machine.
It is worthy of remark, that it is impossible to
accommodate
or determine the motion of rockets by other
grqjectiles; and, therefore, to ascertain their momentum, such
a contrivance would be eminently useful,
Mr. Moore of the Royal Military
Academy, Great Britain, (Treatise ord the rmtion andJig=ht of rodets,) who seems
to have adopted the hypothesis of Dr. Desaguliers,
respecting the momentum of the ignited composition, has given a valiety of problems relative to the motion and flight of rockets
in non-resisting mediums,some of which we purpose to notice.
?+‘Iariotte and Desaguliers have given two distinct theories
of the motion of rockets. The latter ascribes their mation t(3
the momentum of combustion, and the former to the elastic
nature of the gaseous fluid, generated by the combustion,
and the resistance oC air. The observations of Desaguliers
are the followin;:
CLConceive the rocket to have no vent at
the choke, and to be set on fjrc, the consequence will be, either that the rocket wV;ll bu!.st in the weakest place, or if alf.
r:;i= parts I;c equally strong, and be able to sustain the impulcr\ of the Game, the rocket would burn out immoveable.
?hw, CISth Lx f orce of the flame is equable, suppose its action
~hntwrds,
or that uijwards, to lift 40 pounds; as these forces are cqua:, but their directions contrary, they will destroy
each ot!~e~$ 3ction,
Imagine then the rocket opened at ~‘nc:
choke; bv this means, the action of the frame downwards is
taken aGay, an{1 there remains :I torte equal to fbrty ~~OUII~S,
acting upwards, to carry up the rocket and stick,” ‘Phis theory, however ingenious, is not alto.gethcr true; for it is asserted on the contrary, that the actlon of the flame or gas
within the rocker. when closed, as supposed abclve: is con-

,

ceived to arise wholly from the elastic nature of the gas, and
the reaction it experiences against the ends and sides of the
rocket-case; the whole of which ceases as soon as a free vent
is given to the flame; and, therefore,
if a rocket could be
fixed in a vacuum, as the flame would, in that cask,, experience no resistance, there would be no reaction, ant! consee
yuently, no motion would ensue. Some experiments, am&~-.
gous to this position, have been YX&. We may mere:ly add,
lvith respect to Marintte’s theory, that he attritutus the motion of the rocket to the resistance and reaction of the air, in
consequence of which the propelling force will decrease as
tbe velocity increases, owing to the partial vacuum left bchind the rocket in its flight; so that the correct solution of
the problem necessarily involves the integration
of partial
differences of the highest orders.
We may remark also, from the premises already established, that the first motion of the rocket, like all other motions
not produced by a great nlomentary
impulse, is slow; and
before the stick is clear of the flame, gravity has been acting
up011 the rocket, and depressed it below its natural position,
while the stick is prevented from being equally depressed,
by the top of the frame; so that the angle of projection is
in fact considerably
less th:!n the angle of the frame, 01
slope of the rocket’s first position.
In consequence of this,
the rocket has the appearance of falling the moment after
projection; and, for this reason also, the an@ for ilrodueing
the greatest range of a rocket exceeds very consid~:rab!y
that
which gives the extreme range of a shell prqjected ircm a
mortar. There are various propositiol;s given by IUr. J%%OCXC
respecting rockets, but to give thz caicufuz, XX. wouid take
up more room than tire could apl,,ropiate
to this abstract
question. ‘l’he nature of tllese propositi<jns, ho~vevrr, may IX
given in a few words, oiz: ‘P’he strength or force ol‘ the g’:~-!
from the inflamed composition of a rocket being givc’n, as also the weight and quantity’ of the composition, tilti time of
its burning, and the weight and dimensions of the case and
stick, to find the height to which it will ascend, when projected perpendicularly
upwarcis. After slaking the necessari.
calculation, he concludes by observing, that, having determincd the height of the rocket, and its velocity, when the con\position is just consumed, It follows that its whole height
may+ be determined in the usual manner !ty the known formula, for the ascent and descsnt of heaver bodies.
Anot!l:‘I
proposition
is that of determining
the p:iih of 3 rocket uC;:!*
the earth’s surface, ne,$ecting the rcsi~tance of the air; fiic 3
among others, for fin&;;g th:: horlzonL;i~ r3nge of a rockrt’
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the angre of elevation, and the time the composition is on
fire, being given.
The observations of Mr. Peyre, (Le &%uerenzent Igne’e;) are
confined principally to the effects of gunpowder; and al.hough
applied to the use of gunpowder,
and the theory of its explosive effects, yet there is nothing in immediate
relation
with this subject,
The generation of gaseous fluid, and its
impeIIing power, and the consequent recoil of pieces, predicated in fact on the ingenious experiments and conclusions of
Mr. Robins, may furnish some data on this head. But the
principles of accelerated motion, on which the effective power of war-rockets
depends, this accelerated motion being
no other than the acquired velocity of their recoil, necessarily involves a question of a different kind from that of cornmon projectiles.
The caduceus rocket has not much more than half the
power of ascension as the single rockets; because, being
composed of two rockets plackd at an angle of 90 degrees,
with the usual counterpoise, (the stick), it forms in its flight
a serpentine motion rtsembling
two spiral lines, or double worm; and although by reason of the stick it ascends
vertically,
yet the great resistance it meets with from the
air, in consequence of this motion, causes its flight to be
considerably retarded.
On the contrary, when rockets are fixed one on the top of
another, called towering
~oc,&ts, their effect is not at all diminished; for they experience no additional resistance, as the
small rocket is placed in the head of the large one; and when
the latter arrives at the maximum of elevation, it communicates fire to the former, which then rises as far beyond the
first, if not higher, in consequence of the pressure of the atmosphere being less, as it would, if discharged by itself on
the ground. Sky rockets, however, which are merely placed
on one stick, do not, unless SO required, act in this manner.
Although two, three, or more, may be so arranged, yet the intention is nothing more than to combine their effect, SO that
their tails may appear as one stream of fire. Nevertheless,
they may be so arranged, as that when one is consumed,
another mav take its place, and produce a new volume of
fire, and, in-this case, they would mount to a great height.
Towbillom,
usually called the common or table tourbillons,
lvhich receive their name from the whirling motion they take
in their flight, produce also, by the arrangement of their cases,
a-d the cross stick which serves as a balance, a horizontal
and rotazy motion,; and while one part of the {ire serves to
elevate them, :tno;her part, issuing in a horizontal
direction,
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but at opposite sides and extremities,
gives to the tourbillon
a wheeling motion. The mosaic tourbillons are of a different
kind, and‘intended for another effect. Tourbillons
of this kind
preserve
a regular and constant motion.
The mosaic candle owes its effect, in a great measure, to
the rocket composition. Using alternately, composition, mealpowder, and a star, ramming the composition sufficiently, but
not SO as to break the stars, a case is formed, the effect of
which is brilliant and striking, Besides the rapid combustion
of the composition,
the stars, when the fire comes to the
meal-powder,
are thrown out by it in succession, and to the
height of one hundred and more feet. We have also, in this
instance, the effect of the rocket composition, and that of
gunpowder;
the last of which, acting in the case in the same
manner as powder in a musket on a ball, throws the stars to
a great height.
Hence the efict
is varied according to the
manner of loading the case; and by employing alternately the
substances we have mentioned, the effects follow in regular
succession.
The use of gunpowder in this manner, is strikWhen, for instance,
ingly shown in many other fire-works.
stars, serpents, &c. forming
the furniture
of a rocket,
are to
be dispersed, gunpowder is put in the head or conical cap of
the rocket, and fire is communicated
to it at the moment the
In the hursting
rocket has arrived at its extreme elevation.
of paper shells, the same effect ensues, and the different substances contained in the shell are dispersed in every direction.
Balloons are nothing more than shells made either of paper, or wood turned hollow.
These balloons are discharged
from mortars, or fire-pots, sometimes called pots of ordnance.
They are merely cylinders of various diameters, made of paper and very thick, or of metal, and are furnished
at their
bottom with a conical cavity lined with copper, designed to
hold the charge of powder.
When the balloon is filled, (see
Balloons),
it is introduced
into the mortar over the charge,,
and being furnished with a fuse as in other shells, takes fire
the moment the powder is inflamed. According
to the quantity of powder made use of, so will be the height of ascension.
By determining
the ascension, and the time required for the
fuse to burn, and communicate fire to the shell, we may fix
the precise moment for its explosion. The powder contained
in the shell is sufficient only to burst it, and disperse its contents. (See Mortars,
S-e-pots,
and pots of Aigrette.)
A balloon wiI1 contain more stars, serpents, kc, than the
head of an ordinary rocket, and the effect which they proa
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duce, must of course be more striking. The congreve rocket,
calculated as it is to convey carcass composition, balls, grenades, Ssc. if furnished with stars, crackers, &c. would produce an effect equal, if not superior to the ba‘iloon.
W7e remarked, that, in common sky rockers, the charges
consist of a mixture of gunpowder,
saltpetre, and charcoal,
with occasionally other additions, as steel-filings.
KocRetStoYS, on the contrary, are usually formed of mealed powder, saltpetre, sulphur, and sometimes other substances RCcording to the colour of the flame required.
Thus, for the
white star, composition
oil of spike, (a preparation of Barbadoes , tar, and spirit of turpentine),
and camphor are employed; the camphor giving to the flame a white appearance.
The blzde stnrs owe their colour to sulphur, which is in the
proportion
of one to four of the meal-powder;
the variegated
stars have the same materials,
with sulphur vivum, and
camphor; and the briltia?zt stars, c~nzmon stars, and a variety
of others, we shall mention in their proper places, are all
formed by the addition of sundry substances.
The variety of rains, asgold rain, silver rain, &c. are differently
prepared.
ItJesidcs saltpetre,
meal-powder,
and
sulghur,
gold rain contains in its composition the filings of
brass, saw-dust, and pulverized
glass. In this instance, the
saw-dust communicates
colour, while the brass and the
glass are thrown out, the former partly consumed, and the
latter partially fused by the intense heat.
The same effect
may be produced
by meal-powder,
saltpetre, and charcoal, or saltpetre, sulphur, antimony, brass filings, saw-dust,
and pSulverized glass. Here the antimony, as well as the brass,
communicates the golden colour. (5’ee antimony.)
Silver rain
is generally formed of saltpetre, sulphur, meal-powder, antirnony, and sal prunelle, but without saw-dust; the antimony
communicating
silver brilliancy to the flame. It may also be
formed, by employing,
in given proportions, saltpetre, sulphur, and charcoal, the particular
effect depending
upon
ihe proportions;
or by using antimony in lieu of the charcoal, or in the place of the antimony, steel-filings.
Whether antimony or steel-filings are used, the effect of their cornbustion is the same, forming ill the one instance, an oxide of
antimony, and in the other, an oxide of iron. Both gold and
As to the
silver rain is employed chiefly far sky-rockets.
colours required,
they may be formed of other substances.
The charges for water-rockets
are also various. In some of
which, besides the usual ingredients,
(meal-powder,
sa!tT

%

petre, and sulphtir,) sea-coal, steel-filings, saw-dust, &c. enter
into their composition.
As to the different
compositions,
it will he sufficient
to remark, that for wheels, $xed cases, sun cases, gerbes,
Chine5 e jre,
tourbillons,
water- bcdZoons, water squibs, serfuses, fire-pumps,
pem, port-jres,
cones , globes, air-balloon
and many others to be noticed hereafter, the basis of them
is either gunpowder
or saltpetre, and sulphur and charcoal,
with or without additions,
With respect to the composition of the stars of &f&rent colours, it is to be observed, that
the particular colour is given by pluverized cast-iron, steelfilings, camphor, amber, antimony, perchloride
of mercury,
(corrosive
sublimate), ivory-dust,
copper, frankincense, Ssc.
To produce taiZs oj‘spurks, pitch or rosin is added. Stars
which produce solne sparks are usually made by using gum
‘l‘he gu’n appears to prowater in mixing the composition.
duce a separation of the infl.Immable
substances, and, as it
is not combustible, to check, as it were, thl- rapidity of the
combustion. In some preparations, also, isinglass or fish-glue
is used in solution.
This, no doubt, acts in the same manner,
as well as to give firmness to the composition; but its solution
is also used as a vehicle.
On the same principle also, we
learn the use of caustic ley, quicklime, &c, in preparing matchrope.
After soaking the cord in a solution of nitre, it is afterwards dipped into ley, which is nothing more than a solution of potash rendered
caustic l)y means of quicklime.
The potash evidently checks the combustion.
The f(;rmulz
for slow match, are, however, various.
Pn the match--ivood,
also, prepared from the wood or bark of the linden, the wood
is usually first soaked in a solution of saltpetre, and afterwards in a solution of acetate or sugar of lead, &c. For the
same purpose, nitrate of copper is recommended.
For stars
of a yellow colour, besides gum arabic, or gum tragacnnth,
saltpetre, and sulphur, the addition of powdered glass, orpiment, (sulphuret of arsenic), and white amber, are occasion&y made.
The colour is owing to the amber and the orpimerit, which have the property
of communicating
it to
flame. We may observe, generally, that the colours produced
by different
compositions, is a subject of importance
to the
pyrotechnist.
Pie should know the properties of each substance, and the effect of each ingredient; and, with respect to
their action, be able to foretel the appearance of the flame,
and other circumstances connected with the art. As a general example, we may state, that sulphur gives a blue;
camphor, a white, or pale colour; saltpetre, a clear white
yellow ; amber, a eolour inclining ts3 yellow; muriate of amy
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(sal ammoniac),
a green; antimony,
a reddish; rosin, a copper colour, and Greek pitch, a bronze, or a colour
between red and yellow.
In using these substances, the following
remarks may be useful;-that:
for producing
a white
flame, the saltpetre should be the chief part; for blue, the
sulphur; for flame inclining to red, the saltpetre should be the.
principal ingredient,
using at the same time, antimony and
pitch. (See matches of difirent
colours, in Part ii.)
Coloured
flame may be produced by various other substances, many of which are expensive, and therefore could
not be employed economically,
Thus, in fire-works made
with hydrogen gas, or inflammable air, which have a pleasing
effect, by forcing the gas, either from a bladder, oiled-silk
bag, or gas-holder, through a variety of revolving jets, which
are so arranged as to exhibit stars, or through pipes furnished with small apertures, &c. to resemble different standmixing
ing figures, -the effect may be varied by previously
the gas with the vapour of ether, and other substances, which
communicate
to the flame, particular
colours, which, in
a darkened room, are extremely brilliant. Cartwright’s
fireworks are formed in this manner. (See fire works with inmonk,

flammable

air.)

BXuriate of strontian, mixed with alcohol, or spirit of wise,
will give a carmine-red
flame. For this experiment, one part
of the muriate is added to three or four parts of alcohol. Muriate of lime produces, with alcohol, an orange-coloured
flame. Nitrate of copper produces an emerald-green
flame.
Common salt and nitre, with alcohol, give a yellow flame.
(See

J~hninations

and

Tran8prencies.)

In addition to the facts already stated, it may be proper to
observe, that the ingredients
employed to S/LOWin sparks,
which are rammed in chQaked cuses, are various, according
to the colours required; as black, white, gray, and red. The
black charges are composed of meal-powder
and charcoal;
the white, of saltpetre, sulphur, and charcoal; the gray, of
meal-powder,
saltpetre, sulphur, and charcoal; and the red,
of meal-powder, charcoal, and saw-dust. These are considered regular or set charges, to which we may a&l two others,
called compound and brilliant charges. The compound charges contain a variety of substances which afford sparks; and
hence, besides the usual inflammable bodies, saw-dust, antirnony, steel and brass-filings,
are used, The brilliant fires
OWN’their particular effect to the presence of steel-filings, or
11ulverized cast-iron,
Iron, in any of its states, when minutely divided, has the same effect.
Quick match is usually formed of cotton, by soaking it in
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a solution of nitre, and adding meal-powder.
A solution of
isinglass is sometirnes used. The etoupille of the French is
of the same nature. The manner, quick and slow match, &c.
are prepared, with the various formuhe, will be considered
under their respective heads. Touch paper, for capping serllents, crackers, &c. will also be noticed.
The pyrotechnical
spunge owes its inflammability
to nitre.
In the various composition of aquatic fire-works, although
more care and attention are required, it is to be observed,
that, in forming
water-rockets,
horizontal wheels, watermines, fire-globes,
water-balloons,
water-squibs,
water-firefountains, and the like, substances are generally used along
with the usual ingredients, which, under particular
circumstances, may be said to repel, as well as resist the action of
the water; and in this particular they resemble the celehrated Greek fire, of which we shall speak hereafter.
This
remark, however, applies only to certain works.
After the
rockets have been filled, their ends are dipped in melted rosin or sealing-wax, or secured with grease.
Fire-works,
usually exhibited
in rooms, are made with
odoriferous
gums and perfumes,
and hence are called odoriferous fire- works. We may remark, that the odour or perfume is given by a variety of substances; for these, at a high
temperature,
are partly consumed, and partly evaporated.
Thus calmphor, yellow amber, f-lowers of benzoin, myrrh,
frankincense, cedar-raspings,
and the essentialoils, particularly of bergamot, are employed for this purpose. Scented fireworks are of thesame character. The Italians and the French,
who have made more experiments in Pyrotechny, than other
nations, have improved
odoriferous
fire-works.
In these
compositions,
they also employ stornx, calamite, gum benzoin, and other substances.
&~ltcdJire
was greatly in use in
Egypt, Rome, and Athens, at their’fetes and public ceremonies. The unpleasant smell which gunpowder, sulphur, &c.
occasion in a confined apartment, has induced the modern arm
tificers to add sundry odoriferous
substances to their pyroOn this subject, it will be sufhcient to observe,
mixtures.
that the scented vase, which was in use at Athens, contained
the following substances: storax, benzoin, frankincense, camphor, gum juniper in grains, and charcoal of the willow.
It
does not appear that nitre was employed. The custom of burning frankincense before the altar, is indeed very ancient; for, in
the primitive temple at Jerusalem, the custom was adopted
by the priests in the Sanctum Sanctorum, and is continued by
the Greeks and Armenians,
the Jews, the Turks, the Per-
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sians, (especially the followers of Zoroaster),
preserve this
custom.
The HOZZJ J&e of the latter is nothing more than
the inflamed carburetted hydrogen gas, which comes from the
naphtha ground at Baku.
Besides the use of nitre in pyrotechnical
compositions, as
it forms an essential part in all of them, there is another salt
we had occasion to notice, of which an account will be given
hereafter, that affcrds a variety of amusing experiments.
This
salt is the hyperoxymuriate
or chlorate of potassa. Although
it has neither been used for fire-works on an ex;eusi\ e scale,
nor does it enter into any of the compositions usually made
for exhibition, yet its effect is not the less amusing.
Some
general idea may bc had of its efkct, by stating a few experiments.
If :L mixture of this salt and white sugar be made
in a mortar, and the mixture laid on a slab or tile, and a-string
wetted with sulphuric acid, (oil of vitriol), be brought in contact with it, or a drop or two of the acid be let fall upon it,
In this experiment, the
a vivid combuslion till take place.
acid decomposes the salt, and the oxygen unites with the carbon and hydrogen of the sugar, and forms carbonic acid and
water.
The &me salt, rubbed in a mortar with sulphur, will
produce a crackling nl)ise resembling that of a whip; and if
a mixture of Lho two be struck with a hammer, the percussion will cause a loud detonation.
The same thing happens
when phosphorus is used, but the detonation is more violent. Various other experiments may be made with it. It
forms the principal part of the match, called the pocket Zights.
These are made, :!: the first place, bv dipping the wood previously cut in sirlint s in mcltec! sulpl;ur, and afterwards in a
mixture of this s;Jt with sugar, which is moistened with water. The match is then dried.
When used, it is dipped in
sulphuric acid. The red colour, usually given to the match,
is formed by mixing with the composition some vermillion.
Another application of the same principle, is the firing of
cannon.
For this purpose, after the tube is filled with powder, a covering
06 the same mixture is applied when mixed
with water. It is then dried. When the tube is put in the vent,
a drop of sulphuric acid will inflame it, and consequently discharge the gun- ‘This salt also, when mixed with sulphur,
may be used to fire fowling pieces, provided the lock be so
constructed, as in a late invention, that it acts by- percussioti.
,‘S?C Thenard’s Priming powder.)
The I&v. Alexander Fcrspth of Relhelaive, in Aberdeenshire, Scotland, took out ;t patent for a new kind of gun-lock,
to be used without a flint, and klas contrived to inflame powi-
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Sper merely by percussion.
The powder employed for priming, consists of chlorate of potassa and sulphur.
The gunlock is calculated for firing cannon as well as musquetry;
it
is contrivecl to hold forty primings of such powder; and the
act of raising the cock primes the piece. Each charge of priming is supposed to contain one-eighth of a grain of the salt.
There are other substances which also produce fire by percussion. The fulminating
silver, mixed with any substance,
or used by itself, willdetonate by percussion. It shouldbe used
with great c-aution. A grain or two will explode with great
violence.
(See I)etonating
bf/orks,
b!%&~hG
crackers,
%C.)
There are several other metallic preparations which detonate violently, such as the fulminating gold, fulminating mrcury, 8Lc. all of which must be used with extreme caution. (See
the respective articles.)
Src.

1V.
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Illunzinatiozs.

,AIthough nothing of much importance can he said on the
subject of illumination,
yet at the same time, as it is connected with some remarks we will hereafter offer, it map be proper to observe, that the practice of illuminating,
as well as
the exhibition of fire-works in public rejoicings, has been in
use for many years. The former intieed has been customary
for many centuries. We have, however, appropriated an article to the manner of forming illuminations and transparencies,
and also on imitative fire-works,
Illuminations,
whether with lamps, candles, flambeaux, &c.
may be rendered more impressive from the manner of their
arrangement.
In some instances
different colourecl flames
have been used; and the effect in this case is more grand
and beautiful.
The public lighting of cities on festivals, and particularly
on joyful occasions, called illuminations,
is of great antiquity.
Indeed, illuminations
are a general expression of the
public feeling, and should, on important occasions, be encouraged. Victories gained over an enemy by the army or navy
are subjects of rejoicing.
While, in such cases, illuminations
may be viewed as an expression of the feelings of the people,
they serve moreover to stimulate, in the spirit of the amor
patpig,
the future actions of the patriot and the soldier;
and while such rejoicings are demonstrative
of victory, they
are equally expressive of that virtuous feeling, of which every
one must partake, on the return of an honourable peace.
What could have been more impressive than the brilliant

spectacle exhibited in Paris in 1739, on the return of peace<
Besides illuminations,
the fire-works on that occasion were
truly magnificent.
The same may be said of those at Pont
Neuf, and those at Versailles in the same year.
We shall
have occasion to speak of them, when we come to the arrangement or the order of fire-works for exhibition.
The EgyptiBns at an early period, made use of illuminations, and particularly
at a festival, which is mentioned by
the Greek authors.
During the festival, as Heroditus says,
lamps were placed before all the houses throughout the CQURtry, and kept burning the whole night.
During the festival of the Jews, calledfestzim enccwziorunz,
the feast of the Dedication of the Temple, the lamps were
lighted before each of the houses, and the festival continued
eight days. Illuminations
were also used in Greece, according to a passage in Eschylus.
When games were exhibited
in the night-time at Borne, the forum was lighted.
Caligula,
on a similar occasion, caused the city to be illuminated.
In
honour of the great orator Cicero, as he was returning home
at night, after the defeat of Cataline’s conspiracy, lamps and
torches were lighted in all the streets. Byzantium, afterwards
Constantinople,
was ordered to be illuminated with lamps and
wax candles on an Easter eve, in the time of Constantine.
That this custom was prevalent among the Christians in
the first century, is evident from many authors.
Professor
Beckman, in his History of Inventions,
vol. iii, p, 383, says,
that “ the fathers of the first century frequently
inveigh
against the Christians, because, to please the heathens, they
often illuminated
their houses, on idolatrous
festivals, in a
more elegant manner than they, This they considered as a
species of idolatry.
That the houses of the ancients were illuminated on birth-days,
by suspending lamps from chains,
is too well known to require any proof.”
At Damascus, the Turks always keep a lamp burning over
the tomb, as it is called, of Ananias, which they much reverenced. It is said to be in the same house in which St. Paul
lodged with Judas. (See Muundrel’s
Travels from AIeppo to
Jerusalpm.)
Lamps, according to Dr. Pococke, are kept continually
burning in the Jewish synagogue at Old Cairo, said to have
been built about sixteen hundred years ago. (See Pococke’+y
Travels through Egypt,)
In Persia, lamps are kept burning in consequence of some
religious notion, and particularly at the sepulchre of Seid Ibraham. (See Travels through fil&covy
into Persia.)
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priest u to burn proper perfumes.”
This ceremony was continued
until the “ hell rang for morning prayers,” and the
priest l ‘ stripped off his gown and took up a wallet-full
of
books,” declaring, “ that as often as he had entered magic
circles, nothing so extraordinary
had ever happened to him!”
How is it, in the language of professor Beckmar,, that Lbin
all periods of the world, priests have acted as jugglers to
*
x
x
3t:
x
simple and ignorant people?”
This same Benvenuto
Celini, however, was a man of intelligence.
He wrote-a work called the History of Jewelry;
in which the first idea of phosphorescent mineral bodies is to
he found.
Th’ IS work was written in the beginning of the
16th century.
His life, although singularly marked, what
with popes, priests, artists, and necromancers,
presents a
singular retrospect.
What was more absurd, and even profane, than the tricks
of Joseph Balsamo,
called I1 Conte Cagliostro,
who with
Schcepfer, revived the study of the magical arts; and who
with invocations, friction, fumigations,
and optical
decepaions astonished
the ignorant
of their
day. Whether like
fineas, in his descent to hell, they made their way with
their falchions through
crowds of ghosts, or like Dioscorides, relied on the efficacy of herbs, or like Paracelsus,
carried an evil spirit in their canes, or wore a jewel like
Shakspeare’s toad, which possessed marvellous
virtues, or
employed the magic stone (agclte)
of the east? and invoked
their urim und thumnzinz, -it is certain th:? worked upon rhe
imagination of the people.
By the apphcation of roniunz
maculatum, (hemlock) consisted the ceremony of ordaining
a Hierophant; by the hartshorn of Orpheus, they had a divine
remedy for the passions of the body; and by a mixture of
?zez’mustard and olive oil, they could produce a symphony,
which invoked the spirits, and, Pythonesis like, declare to
the people, that they ‘&had devils in their bellies!!”
Of the phial of Cagliostro, Cardan relates that he had this
phial twice exhibited to him, and complains bitterly of having seen nothing, after the anthem Sarlcte Michael, but some
bubbles that issued from the bottom. though it was believed
that these bubbles were angels!
He says, “Nilzil
tcrmen om-

aiai

nino
paste hanc invocatio)rem
ex imo gut& fundo
exestuantes.”

nisi

bulaspnucukas

guasdum

Anlus Gellius and Hero
mention tricks oi this kind practised by the Egyptians.
Koger Bacon, the alchymist, was excommunicated
by the pope,
and imprisoned
ten years, for supposed dealings with the
devil.
F
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Equally absurd to a man of reflection, are the observations
of antiquated writers on spontaneous generation, by heat.
Borello (Physical History) tells us, “ that fresh water craw
fish may be regenerated, by their own powder, calcined in a
crucible, then boiled in water with a little sand, and left to
cool, for a few days; when the ammalcula
will appear swimming merrily
in the liquor, and must be then nourished with
btef blood, till they attain
the proper
size to stock your
ponds with.“*
The Sieur ‘Pogeris and M. de Chamberlan,
both agree with Signior Borello, but,:in the chemistry of the
matter, they add that the operation m’ust be performed, dwing- the full of the moon! If this lunar system be adopted,
would not the crab also, have been a more favourable sign
to have ruled the nativity of crazu;fish?
swift, however,
alludes to these agencies, fallacious a?
they are, in the following lines:
“

SO

chyY?XiStS

boast

theV i

hav@

a J)OiVEl.

“ From the dead zshcs of a bwer,
6‘ Some faint ~‘csr~r~~~i~nc~to produce,

“ But
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the k ir ;uc, taste, or juice.”

Rochos, equally absurd with Borello, says, in The Art 04
A7~tz~ve, that the ashes of touds will produce the very same
effect, as the powder of crabs-eyes? Reasoning upon that
ridiculous
and unnatural
principle
of Caesalpinus, in his
comment on Aristotle,
SQucwumque ex semine junt, ecxdem
$04 posse sine semine, the procreation of eels from rye-meal,
or mutton broth was predicated.
Jrllizts CamilZus, however,
would out- do nature herself;
for Amatus Lusitanus affirms, that he has seen his phials
fuil of /29:xzf77(‘1i1i complete
in all their parts!
Paracelsus
(De RPWUL ~Kctrrun,) had the same and many other absurd
notions. ‘II’hat, we may truly say, has not been palmed upon
the world, when we are told, that the following
translation
from a Hague Gazette, which appeared in the British Evening IJost, No. 1645, contained facts, which were confidently
believed by the ignorant:
“ Blr. Tunesteick, by origin an Englishman, has just exHe opened
hibited at Versailles, a very singular experiment.
the head of a sheep, and a horse from side to side, by driving
a large iron wedge into the skull, by means of a mallet; drew
;k By means of a solar microscope, I have seen the animalcula in rinegar several inches iu length, some of which had the appearance of eek,
and in motion,

the wedge out afterwards,
with
pincers,
and recalled
the
animals
to life, by injecting
through
their exterior
aperture
with a tin syringe,
a spirituous
liquor
of his own composition, to which he attributes
surprising
e&Acts!
The taste of
The rethis liquor resembles
that of Commandus
Balm!!”
markable
effects of galvanism,
however,
are well autht nticatcd; but resuscitation,
notwithstal-*ding
all apparent
liftz, has in
no instance,
to our knowledge,
beon effected.
(See Ure’s
Chemical
Dictio?2n~y,
article Galvanism.)
Amc,ilg
other tricks, we mat’ mention
those with serpents,
especiail$
in the East Indies, and neighhouring
islands, where
a certain class of people exhibit
them for money.*
* There is a sort of mountebanks
not nnly in Ceylon, but in many
other parts of the f:,lit I:)dic>s, ~110 1~13tie a trade of taming serpents,
~~~:~~f~~iAm,ad C.-T r\ thm
about hy Iray of
which they pretend to do by ~72~
show.
I once witnessed
the tumtnc of i> scr;:e:it, a black snai;cb about
four feet in length, by ao English gentlem;lu at 1Jar~)~ Kate, in the
neighbotirbood of Philadelphia.
He was remarkably
fond nr~nclkes
for
pets, and had them not only to follow him, hut also to be abou! in the
house among his children, who became familiar with them; and. allho:lgh
gounq m,vself, 1 observed that they were passive and obedient, aud knew
by instinct ttwir chpsdence
on his favours.
The
inca:;tatir,n.
that
Mr.
C’ -d
uced, was simply this: The snake was
put into a roon~ and >Ir. (1. took in with him a bowl of milk, and the
door was closed.
Having taken ofT his cnnt, and put on a glove, he proceeded towards his antagonist,
why, I-)c-Linz prepared for the attack, made
at him, but was rep&I d; a second and third attempt was made, but he
‘I’ho snake fintiiny hiir)spIf
~~&ercd,
did not
was thrown back as before.
think proper to renew the combat, and crawic~l i:ilo t!:e corner panting
for breath.
Mr. C. now took some of the ntilk anal placed if hefore Itim,
without the least fear, and after he had tinished it, he garc; him more. This
After which, to tlrc astoni&he continued until the snake was satisfied.
merit of all who witnessed the experiment,
he took ii up, ar,J having
wound itself round his arm, he carried it’ home.
Whether he examined
his mouth, destroyed the fang, or the vesicular
sac, (if ir had one), I do
not recollect; llut this same snake was afterwards
a gre,rtfirvorite,
and
would follow his master like a do g, and ever1 play about with the children.
I mention this incident to show, that serpeots ~osscss considerable instinct,
and are, like domestic animals conscious of their friends and benefactors,
and may be trained in the same manner.
In tlj(? island of Ceylon, there is a small animal called the Indian Tchneuman, which destroys snakes in abundance;
but, what IS remarkable,
he
only attacks them in an open place, where he hasan opportunitc
ofrun.ning to a certain herb, which he knows instinctive13
to be an antidote
against the poison of the bite, if he should happen to receive one. The
monkeys oflndia, knowing the malignity of snakes, make a business of
hunting and destroying them at night; after seizing them, they carry them
to a stone, and beat their heads until the fangs are destroyed, and then
exultingly
throw them in the air. The poison is lodged in two small
vesicles, and when the animal bites they are squeezed, and the poison
If the vesicles be extracted,
is forced through the fangs into the wound.
or the liquid prevented from flowing into the woun$the bite is harmless.
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Persons who could walk over red-hot coals, or red-hot
iron, or who could hold them in their hands and their teeih,
are frequently mentioned.
In the end of the 17th ceniury,
Richardson, an Englishman, way a great adept in this performance. We are assured he could chew burning coals;, pour
melted lead upon his tongue, swallow melted glass, &c; but
the fact is incredible.
It is true, that the skin may be prrpared in such a way as to
become callous and insensible against the impression made
on the feet and hands. It may be rendered as h-m as shoes
and gloves.
Such callosit) may be produced, JP the skin is
continually compressed, singed, prick&,
or injured in any
other manner.
Beckman relates, that in 17b3, he visited
the copper-works
at Awestad, when one of the workmen,
for some money, took some of the melted copper in his
hand, and after showing it, threw it against a wall. He performed a variety of other experiment:;
with the mtlted
metal.
The workmen at the Swedish melting-house have exhibited
The
the same thing to some tz-avei!ers in the 17th century.
skin is first rendered caii~us by frequently moistening it, as
Beckman says, with sulphuric
acid; and also, he remarks, by
using the juice of certain plants. The skin must also be
rubbed frtqcrently, and for a long time, with oil. Hailer, in
Physiologica,
V. p. 16, speaks of this fact.
his Ekmejtta
The manner of rendering the hands callous, or insensible,
so that they may take up, and hold, ignited iron, charcc)al,
or other substances, may be seen in an English publicatmn
of 1667.
The Journal
des Sawns,
of 1677, contains the
secret. “ It consists il. applying to the hands, various pastes,
with spirits of sulphur, (sulphuric acid,) which destroys the
epidermis, &c. and the ncrvot!s energy .” This corroborates
the account by PJeckman. We reaj that Richardson
had
prepared his tcJngUe
in such a manner, that he could hold
on the point of it a live co;~l, covering it first with pitch,
rosin, and sulphur, and could hold a piece of ignited iron
between his teeth.
After showing the coal on his tongue,
he would then extinguish it in his mouth. l’he hhwzoires de
I’Acau’emie
state, that a person who is salivated can put a live
coal in his mouth, The Di~tionncrire de I’J~ldu.s~rie observes,
that the sulphur diminishes the heat of the coal, for the flame
is less hot than a candle; and that the flame of a combination of pitch, rosin, and sulphur, is still less hot, and by no
means so considerable as we would imagine.
In the expe+
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riment, the rosin is not melted, and. the Aame of the sulphur
is inconsiderable.
M. Gallois observes, that he witnessed
in the Swedish iron founderies,
the men hold melted cast
iron in their hands, doubtless having them previously prepart d.
The traces of this art may he found in the works of the
ancients. A festival was held annually, on Mount Soracta,
in Etruria, at which the Hirpi, who lived not far from Rome,,
jumped through burning coals, and. on this account had certain privileges granted them by the Roman Senate.
IVomen also, we are informed, were accustomed to walk
over burning coals, at Cartabola, in Cappadocia, near the
temple dedicated to Diana. Servius remarks, that the Hirpi
did not trust to their sanctity so much as they did to the
preparation of their fta for thr opera?icsn!
With respect to the ordeal by firt’, jvhich it seems was
performed in several ways, one was, that w?>en persons were
accused, they were obliged to prove their innocence by holding in their hands red-hot iron.
This mode of exculpation,
as IC is called, was allowed only to weak persons, who were
unfit to rvie:ld arnns, and particularly
to monks and ecclesiastics, to Whonl, for the sake of their security, the trial by
single combat .was forbidden.
In Grupius’ learned dissertation, in the German, p. 679, as quoted by Beckman, we
read, that the trial itself took place in the church, under the
inspection of the clergy; mass was celebrated at the same
time; the defendant and the iron, were consecrated,
by
being spri;lkled with holy water; the clergy made the iron
hot themstlves;
and they used all these preparations,
as
jugglers do many motions, only to divert the attention of
the spectators.
It was necessary that the accust~l person
should remain at least three days and three nights,
under
their immediate care, and continue as long after.
l’hey
covered their hands both before and after the proof; sealed and
unsealed the covering:
the former, as they pretended,
to
prevent the hands from being prepared by art; and the latter
to see if they were burnt.
Some artificial preparation was undoubtedly
necessary, or
why prescribe three days for the defendant,
who, if they
wished to make him appear innocent, had a certain preventive against the actual cautery? The three days allotted,
after the trial, were requisite, in order to restore the hands
to their natural state. The sacred sealing secured them
from the examination of presumptuous unbelievers.
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When the ordeal was abolished, it no longer was kept secret,
In the 13th century,an account of it was published bv a Dominican Monk, Albertus Magnus. In the work of this author,
entitled, De Mirabzlibus
A?bzdi, he has given the receipt for
the composition.
It seems that it consisted in covering the
hands with a kind of paste, and not by searing them. The
sap of the althaea, or marsh mallow, the mucilagin:>us seeds
of the fleabane, together with the white of an egg, were
mixed, and by applying this mixture, the hands were as safe
The use of this
as if they had been secured by gloves.
mixture, for the same purpose, may be traced back, it is said,
to a pagan origin. In the Antigone of Sophocles, the guards,
placed over the bodv of Polynicus, which had been carried
away and buried, contrary to the orders of Creon, offered, in
order to prove their innocence, to submit to any trial: “ We
will,” said they, ‘& take up red-hot iron in our hands, or
walk through fire.”
The ordeal, by heated ploughsharcs,
was common in
England.
It seems, according to English History,
that
queen Emma had charges prcfe-r-red against her, by Robert,
archbishop of Canterbur?,,
for consenting to the death of her
son Alfred,
and preparing poison for her son Edward,
the
Confessor.
SIre claimed, by the law of the land, the ordeal,
or trial, by burning ploughshares. She passed the nine plouqhshares unhurt, which established her innocence, and caused
The chief trials, by
the archbishop
to fly the kingdom.
ordeal, appear to have been by fire, water, walking blindfold
among heated ploughshares,
and s walloywing consecrated
bread, which last was introduced
about the time of pope
Eugene.
The custom was borrowed from the Mosaic law.
An example of its practice occurs in the New Testament, in
the story of Ananias and Sapphira; and the remembrance of
it, as Glackstone remarks, still subsists among common people, as “ Buy this TTlorsel be my last;” 6G JIa;/ I be choked
if it is so,” unn the like; for it appears, that thus ordeal was
a piece of bread of about an ounce in weight, blessed by the
priest, and given to the accused person, who was to try and
swallow it, praying that it might choke him if he were
guilty.
The bible-ordeal,
and the drowning-ordeal,
are
familiar to every one, degrading as they all must have been
Fox, in his
to human reason, and enlightened principles.
Book
of &%rtyrs, speaks of various ordeals, as well as the
cruel deaths, and inhuman punishments
inflicted, by the
hand of bigotry, and fanaticism, under the cloak of religion,
which were nothing more than a base and impious prostitution Of its genuine principles.
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Even among
the modern
Greeks,
the same superstitious
notions
prevail.
Almost
every cavern about Athens has its
particular
virtues,
and is celebrated
for various
things;
and
the offerings,
made by Grecian
women,
to the destinies,
in
order to make them propitious
to their conjugal
speculations,
are equally
absurd.
l’hese
offerings,
by which they are to
work a miracle,
consist of a cup of honey and white almonds,
a cake on a little napkin,
and a vase of aromatic
herbs, burning and exhalzng
an agreeable perfume.
We are told, however, that those evil spirits,
whose assistance
is invoked,
for
vengeance
and blood, are not regaled
upon cakes and honey,
but on a piece of a priest’s
cap, or a rag from his garment,
which are considered
as the most favourable
ingredients
for
the perpetration
of malice and revenge.
When
a person is
hated, another absurd cUSt(Jm
is used, which is supposed
to
be followed
by dreadful
results.
It consists in placing
before
his door, a log of wood, burnt at 0363 end, with some hairs
twisted round it.
“ ‘This curse,”
says I1lr. Dodwell,
in his
Classical
Tour, “ was placed with due solemnity,
at the door
of the English
agent, Speridion
Logotheti,
while
I was at
Athens;
but he rendered
it of no avail,
by summoning
a
great number
of priests,
who easily destroyed
the spell, by
benediction,
frankincense,
and holy water!”
This
story
is
much in character
wit.h that of the exorcism
of rats, caterpillars,
flies, and other
insects,
an old ritual
of the papal
church,
performed
between
the feasts of Easter
and the
Ascension.
A priest who resided
at Bononia,
performed
the ceremony.
‘I P went,” he says, “ to exorcise
the insects
in that country,
accompanied
by a curate,
who was a droll
fellow, and laughed
at the credulity
of the people, while he
pocketed
their
money.”
It appears,
however,
that in all
superstitious
ceremomes,
J;re, under some form,
was a prereqllisite;
but ecclesiasticul
)-e-works
we leave within
the
pales of the priesthood.
The author
of the Dictionnaire
de l’lndustrie,
vol. iii,
speaks of a trick,
performed
with
a loaded
musket
and
ball, which, although
apparently
inconsistent,
is nevertheless
true,
if we consider the action
of gunpowder
equal.
This
trick is stated to be the firing of a musket,
loaded
with ball,
at a person, without
wounding,
or in any way injuring
him.
By taking
a ball of solid lead of a smaller
size than the
calibre of the musket,
and placing
it on the charge in a gun,
and as much or nearly so of powder, ovef t,$~ b&l, the effect
we are assured
is, that when the gun is fired, the ball
will pass out without
any very sensible force, and even drop
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a few yards from the gun, although the report will be as
great as if the charge and ball had been used in the usual
manner.
This trick is often performed
by jugglers, to the
great astonishment of the spectators. The mode of catching
a cannon ball is also of the same character.
The proper charge of powder for ihe cannon, is divided
into two unequal portions, the lesser of which is placed in
the gun as a charge; the ball is placed on it in the us&
way, and the rest of the powder (by much the greater ptirtion,) placed over the ball, the lesser quantity being not
more than a twelfth part of the whole. A cannon, so charged,
will not project the ball more than 20 yards, where it might
be caught with safety.
Any person who has been in the custom of shooting, must
have frequently observed, that when the shot happens to be
mixed with the powder, its range is impeded; and, under
similar circumstances, they have even been found only a few
yards from the muzzle of the piece. This fact I have witnessed, although I confess I never once reflected on it.
As to the explanation of this phenomenon, it appears, that
it can only be accounted for by referring to the action of two
opposite forces, mutually repelling each other, added to that
of the charge under the ball; hence, the reaction would be
equal, if, under the same circumstances, both charges were
alike situated: but the effect of the first charge is so much
weakened by the counter effect of the second, that the projectile force of the ball becomes comparatively
nothing.
There is-another trick very often performed, whic5, however chemical, is not looked upcn in that light, neither do
performers attempt to explain it; we mean the exhibition of
the Glace fnyfammable
of the French.
The pret,aration
is made in the following manner: melt
some spermaceti over a fire, and add a sufficient quantity of
spirit of turpentine, and blend them together.
The mixture
when cold, will become solid, having somewhat the appearance of ice. If made in hot weather, the vessel containing
the melted substances must be immersed in cold water.
It
does not, we are told, remain in a solid stale any length of
time.
It floats mare or less in the fluid, which of course is the
The trick, with tbis preparation,
after
spirit of turpentine.
having put some of the solid and fluid substance together
on a plate, is to pour upon it concentrated nitric acid, or a
mixture of eight or ten parts of nitric acid, and two of sulphuric acid; inflammation ensues. It is no other in fact than
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accension of the oil of turpentine;
the addition of the spermaceti is altogether secondary, and its effect, if any, must
retard instead of promoting
the combustion of the turprntine. The art of making this preparation is in rendering the
essential oil solid and transparent, without altering its inflammable properties.
There is another trick performed,
by burning a thread, to
which an ear-ring is tied, and which, notwithstanding
the
thread is reduced to a cinder, still holds the ring.
This is
what the French call the Bngue swpendue aux cendres d’un
fit. The string is first prepared bv soaking it for 24 hours,
in a solution of common salt, and drying it; then tying it to
a ring, and setting it on fire, avciding any vibration or OScillation of the string.
It is obvious that the salt serves to *
render the cinder cohesive.
We have an account in Maundrel’s
TrnveIs frown Aleppo
to Jerusalem,
of the office of the HOZZJ Fire. The ceremony
is kept up bv the Greeks and Armenians, from a persuasion
thut every -Easter eve, a *miraculous
flame descends from
heaven into the holy sepulchre, and lights all the lamps and
candles, as the sacrifice was consumed at the;- prayers of
Elijah.
“ On our approaching the holy sepulchre,” says Maundrel,
“ we found it crowded with a numerous and distracted mob,
who made a hideous clamour; but with some difficulty pressing through the crowd, we got up in the gailq
next to the
Latin convent, where we could have a view of all that passed.
The people began, by running with all their might, round
the holy sepulchre, crying out ‘ huia,’ which signifies, “ TI2is
After this, they began to perform
is he,” or, “ ‘IKis is it.’
many antic tricks: sometimes they dragged one another along
the floor round the sepulchre; sometimes marched round
with 3 man upright upon another’s shoulders; at others, took
men with their heels upwardqand
hurried them about with
such indecency, as to expose their nudities; and sometimes
they tumtrled round the sepulchre like tumblers on a stage. In
a word, nothing can be imagined pore rude and extravagant
than what was acted upon this occasion.
“ This frantic humour continued from twelve till four, and
then the Greeks first set out in a procession round the sepulchre, followed
by the Armenians, and marched three times
round it with their standards, streamers, crucifixes, and embroidered habits; and towards the end of the procession, a
pidgeqn came fluttering into the cupola over the sepulchre,
at which the people redoubled
their shouts ancl clamours,
G
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bhen the Latins told the English gentlemen, that this bird
was let fly by the Greeks, to deceive the people ‘with a belief that it was a visible descent of the Hoi\ Ghost.
The
procession being OWI, the suffragan of the &ek
patriarch,
and the principal Armenian bishop, approached the door of
the sepulchre, cut the string with which it was fastrned, and
breaking the seal, entered, shutting the door aftc-t them, all
the candles and lamps within having been before ext inqlished
in the presence 01’ the Turks. As the accom?iishmcnt
of the
miracle drew near, the exclamations
were redoubled,
and
the people pressed with such violence towards the door, that
the ‘I‘urks could raot keep them of)r‘ with the severest blows.
l’his pressing forward was occasioned by the desire to light
their candles at the holy flame as soon as it was brought out
of the sepulchre.
The two miracle-mongers
had not been
above a minute in the sepulchre, when the glimmering of the
holy fire was seen through some chinks in the door, which
made the mob as mad as any in bedlam; then presently
came out the priests, with blazing torches in their hands,
which they held up at the door of the sepulchre, while the
people thrr?ged with extraordinary
zeal to obtain a part of
the first 2nd purest flame, though the Turks laid on with
their clul;s witiaout mercy.
Those who got the fire immediately applied it to their beards, faces, and bosoms, pretending that it would not burn like an earthly flame; but none of
them would endure the experiment long enough to make
good that pretension.
However,
so many tapers were presently lighted, that the whole church seemed in a blaze, and
this illumination
concluded the ceremony.”
Maundrel
afterwards observes, that the Latins take great
pains to expose this ceremony as a shameful imposition, and
a scandal to the Christian Religion:
but the Greeks and Armenians, lay such stress upon it, that they make the pib
grimages chiefly on this account; and their priests have
acted the cheat so long, that they are forced now to stand
to it, for fear of endangering
the apostacy of the people.
They entertain many absurd ideas respecting the miraculous
power of the holy fire. Even the melted wax of the candie,
which had been lighted by it, is covered over with linen, and
designed for winding-sheets;
“for they imagine,” says Maundrel, “ that if they are buried in a shroud, smutted with this
celestial fire, it will secure them from the flames of hell!”
Before concluding this article, WC shall mention a subject
highly interesting in optics, which, in some of its f’orms, was
employed by the old magicians; we mean the phantasmagoria.
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‘rhe exhibitions of this kind, when first got up, drew the attention of Europeans, and particularly
the, French, who
greatly improved the apparatus and machinery, and varied
the forms and appearances.
The principles of the phantasmdgoria are described in every work on Natural Philosophy, which treats of optics. The Dictionn&e
de l’Indu~Biot’s Traitk & Physique,
in
frie, Encyclopedic
Methodpce,
French ancl in English, the different treatises on philosophy
and optics, particularlv
Dr. Smith’s, the Cyclopedias,
Ssc.
contain either a description,
or the principles of it. The
third volume of Hiot, especially, is full on the subject of
optics.
With regard, however, to the narrative and explanation of the appearance of the phantoms, and other figures,
a subject which immediately
concerns us, the account given
by Mr. Nicholson, (Jour:~ul cf ~V:,t~ul PGlosophy, Chyntistry, and the Arts, vol. i, p* 147.) is at-r0 m\)st interesting.
Connected with this optical illusion, is the imitation
of
lightning and thunder, which, from the account, appears also
to have been performed.
The phantasmagoria
may be considered nothing more than
an application of the magic lantern, the invention of which
is attributed to Roger Bacon, who was a contemporary
with
Vitellio,
a native of Poland, who published a treatise on
optics, in 1270.
John Babtista Porta, of Naples, who
discovered
the camera obscura, having formed a society
of ingenious persons at Naples, which he called the Academy of Secrets, wrote the &&@a Xuturcrlis,
containing
his account of this instrument,
and, it is said, the first
hint of the magic lantern.
Kircher, it is known, received
his first information
of the magic lantern from this book,
and afterwards improved it.
Adams (Lectures 071 ,VatrtrtrZ and Bxpmimental
Philosophy, vol. ii, p. ~32. Appendix by the English editor,) very
justly observes, that persons, unacquainted with the principles of optics, have been surprised ‘at the great illusion
of their sight, by an artificial construction of many optical
instruments,
exhibited by sbowmen and others: such, for
instance, as the optical and dioptrical paradox; the endless
gallery;
the animated
balls by simple reflection;
phantoms;
causing the appearance of a flower from its ashes; the
optical perspective box, and the cylindrical mirror: to which
we may add, the enchanted bottle; the enchanted palace; the
magic lantern; the magician’s mirror; the perspective mirror;
the camera obscura; distorting
and oracular mirror;
the
diagonal opera glass, &r:, 8~; all which nayp be seen in
Smith’s 8chool qf Arts..

We may also remark, that optical exhibitions sometimes
accompany those of fire, when performed
on a small scale,
In the phanta ~magoria,
for instance, whether before, or at
the time the exhibition commences, as well as after, thunder
and lightning, if well imitated, produces a good effect.
The mechanism of the phantasmagoria is concealed from the
spectators, who have only before their eyes a screen of gauze
or gummed muslin posited vertically, which serves as the
ground of a picture, where the images are depicted by reason
of the transparency.
The apartment is deprived of all light,
except that which proceeds from an apparatus hid behind the
skreen. At the moment when the operation commences, a
spectre appears (as a skeleton, the head of a celebrated
person, &c.), at first extremely small, but which afterwards
increases rapidly, and thus seems to advance at a great rate
And when the scene passes before
towards
the spectators.
shem in a room representing
a cave hung with black, a solemn silence beingoccnsionallp
itlterr~~~~trcl I:y mournfulsounds
from an appropriate musical in~trumeni, it is not easy for an.
ohscrver
to dtfend himself from the impression of terrbr, at
the sight of an object, in itself formed to produce the illusion,
and which finds in the imagination a place already prepared
for the reception of phantoms.
The instrument placed behind the gauze screen is in fact
a peculiCir construction of the magic lantern: only in the formttr, It is necessary that the lenses should run over a much
gr’tater space, and that the instrument may be susceptible of
approaching
to, and receding from, the frame of gauze, in
such maimer, that each luminous pencil may be depicted
there in a single point. The general construction is this: In
a square box, a lamp is placed, the luminous rays proceeding
frc>m which, are reflected by a conical mirror, towards an orifice made in the box. At this orifice is placed a tube, blackenlAd within, and composed of several tub&s which slide one
into another, like those of a pocket telescope.
This tube is
furnished with two bi-convex lenses of about five inches diameter; one of these is fixed, the other is at the (outer extremity
of the tube, and is separated from the former in proportion as
the tube is lengthened by the aid of a hooked lever situated
along the tube, between the lamp and the lenses. A groove
is properly adapted to the tube, destined to receive transparent figures; lastly, the box rests upon a table moveable on
four wheels, that slide in two channels perpendicularly
to the
frame on which the images are riepicted. It is manifest, that
we may augment or diminish the dimensions of the images,
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and consequently make the spectre appear more or less near
to the spectator, by separating farther, or by bringing nearer
together, the two lenses; but then the focus of the diverging
raq s, which proceed from the same point of the transparent
body, will be no longer upon the screen; we must, therefore,
cause the machine so to recede or approach, that the two motions, being duly combined, the image may be distinctly
formed.
These phantasmagoria
are furnished with a great number
of transparencies, in each of which, several changes may be
made by slackening their springs. Thus we may change at
every instant, the form, the magnitude, and the distance of
the spectres, as they appear to the spectator.
What has been said hitherto, relates only to the images of
transparent figures.
To obtain those of opaque bodies, first
place the gauze and box, at the distance of about six feet one
from the other, and adapt to the orifice of the box, an apparatus of two tubes furnished with two bi-convex lenses. An
opaque body, such, for example, as a medal, or a picture, is
attached to a little support, posited in the middle of the box;
the lamp with its supply of air, situated in one of the foremost corners of the box, illuminates that object, and the reflected rays, crossing the lenses, proceed till they trace the
image upon the gauze, with an amplification
which is in the
ratio of the distances.
If the image be not distinct, we must infer that it is not at
the focus; but it may be adjusted in three different ways; 1.
By moving the box to or from the gauze; %. Uy moving the
object nearer to, or farther from, the lenses within the box; s*
By slowly moving the tubes, to cause a variation in the distance between the lenses .-See Haiiy’s Philosophy, translated
by Gregory, vol. ii, p. 390.
Mr. Nicholson, however,
witnessed an exhibition of the
phantasmagoria
at the London Lyceum by Philipstal, who
took out a patent for his improvements
in the apparatus and
machinery.
He&observes, that the novelty consists in placing
the lantern on the opposite side of the screen which receives
the images, instead of on the same side as the spectator, and
suffering no light to appear but what passes through, and
tends to form those images. His sliders are therefore perfectly opaque, except that portion upon which the transparent
figures are drawn, and the exhibition is thus conducted.
All the lights of the small theatre of exhibition were removed, except one hanging lamp, which could be drawn up9
so that its flame should be perfectly enveloped in a cylindrical
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chimney, or opaque shade. In this gloomy and wavering
light, the curtain was drawn up, and presented to the spcctator a cave or place exhibiting skeletons, and other figures oi
terror, in relief, and painted on the sides or walls. ‘Alter ;t
short interval, the lamp was drawn up, and the audience were
in total darkness, succeeded by thunder and lightning; whrch
last appearance was formed by the magic lantern upon a thin
cloth or screen, let down after the disappearance of the light,
and consequently
unknown to most of the spectators. These
appearances were foilowed by figures of departed men, ghosts,
skeletons, transmutations, &c. produced on the screen by the
magic lantern on the other side, and moving their eyes,
mouth, &c. by the well known contrivance of two or more
sliders. The transformations
are effected by moving the adjusting tube of the lantern out of focus, and changing the
slider during the moment
of the confused appearance.
It must lx again remarked,
that these figures appear without any surrounding
circle of illumination,
and that the spectators, having no previous view or knowledge of the sereon,
nor any visible object of comparison, are each left to imcigine
the distance according to their respective fancy. After a very
short time of exhibiting the first figure, it was seen to contract
gradually ill all its dimensions, until it became extremely
small, and then vanished. This effect, as may easily be imagined, is produced by bringing the lantern nearer and nearer
the screen, taking care at the same time to preserve the distinctness, and at last closing the aperture altogether: and the
process being (except as to brightness) exactly the same as
happens when visible objects become more remote, the mind
is irresistibly led to consider the figures, as if they were receding to an immense distance.
Several figures of celebrated men were thus exhibited with
some transformations;
such as the head of Dr. Franklin being converted into a skull, and these were succeeded by phantoms, skeletons, and various terrific figures, which instead of
seeming to recede and then vanish, were (bv enlargement)
made suddenly to advance; to the surprise &cl astonishment
of the audience, and then disappear bvI seeming to sink into
the ground,
This part of the exhibition, which by the agitation of the
spectators appeared to be much the most impressive, had less
effect with me than the receding of the figures; doubtless because it was more easy for me to imagine the screen to be
withdrawn
than brought forward.
But among the young people who were with me, the judgments
were various.
Some
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thought they coulcl have touched the figures, others had a
different
notion of their distance, and a few apprehended
that they had not advanced beyond the first row of the audience.
The whole, as well as certain mechanical inventions, were
managed with dexterity and address.
The! lightning, being
produced by the camera, was tame, and had not the brisk transient appearance of the lightning at the theatres, which is
produced by rosin, or lvcopodium powder, thrown through a
light, which in Mr. P’s utter darkness might easily have
been concealed in a kind of dark lantern,
A plate of thin sheet iron, such as German stoves are made
of, is an excellent instrument for producing the noise of thunder. It may be three or four feet long, and the usual width.
when this plate is held between the finger and thumb by one
corner, and suffered to hang at liberty, if the hand be then
moved or shaken horizontally,
so as to agitate the corner at
right angles to the surface, a great variety of sour& will be
produced; from the low rumbling swell of distant thunder, to
the succession of loud explosive bursts of thunder from elevated clouds.
This simple instrument is very manageable,
so that the operator soon feels his power of producing whatever character of sound he may desire; and notwithstanding
this description may seem extravagant,
whoever tries it for
the first time will be surprised at the resemblance.
If the
plate be too small, the sound will be short, acute, and metallic.
VC’e may remark also, that the magic lantern, by new contrived sliders and machinery, may be applied to important
uses, by employing
it with such figures as will explain the
general principles of optics, astronomy, botany, &CC.
The experiment mentioned by Ferguson, with a concave
mirror, reflecting into the air the appearance of fire, S-CC.into
a focal point, (founded on a general principle of concave.reflcctors,) is productive
of many agreeable deceptions, and
which exhibited with art and an air of mystery, has been
very successfully employed.
l‘ht- phantasmascope of Walker is similar to the phantasmagoria. It is an optical machine, which presents a door that
opens itself: The apparatus is so contrived, that, on opening
the door, a phantom makes its appearance, having all the COlotirs of n picture, which approaches the spectator.
Various
figures may bc accurately represented.
We will not enlarge on this subject, although many other
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instances of tricks, performed
by means of fire, &c. might
be noticed. We will merely remark:
1. For the performance
of these exhibitions,
the ancient,
as well as the modern juggler s, of all descriptions,employed,
and were acquainted w’ith sundry mixtures, and compositio”ns,
by the use of which, they deceived the people; and some
Of these compretended to possess supernatural agencies.
positions, with many of which we are unacquainted, we have
enumerated some, and their effects. That of producing a
callosity of the skin, &c. by means of acids, is an example.
2. That they possessed, as a trade or profession,
the arts
of deception.
Not only by the use of chemical preparations,
but by other means, they pretended to work miracles in the
degraded these persons
dark ages of science. However
may seem, they yield in vice to another class, who practised the art of poisoning, and who kept it so profound a
secret, that few then understood the effect of the now common, vegetable, and mineral poisons. Who could have been
more infamous than the celebrated female poisoner, 3%~
phania?
’
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Of Xtrate

of Potassa, or Saltpeh-c.

NITRATE
of potassa, nitre, or saltpetre, is composed, as its
name expresses, of nitric acid, and potassa. When pure, it
contains, according to K&an,
potassa 5l.S, nitric acid 44,
and water 4.2 in the hundred.
This salt, when pure, or
even mixed with other saline substances, is recognised by
placing it on hot coals. Slight detonations, and a hissing noise,
with a vivid combustion take place. It is also decomposed
by sulphuric acid, and the nitrous vapour is apparent from
its smell and colour.
Nitrate of potassa crystallises in six-sided prisms, terminated by six-sided pyramids,
Its specific gravity is 1.933.
fts taste is sharp and cooiing.
One part is soluble in seven
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parts of water, at the temperature
of 60 degrees, and in
rather less than its own weight of boiling water.
It melts in a strong heat, and by cooling congeals into an
opaque mass, called crystal
mineral,
or salprunelle.
.
Ehposed to a red heat, it disengages oxygen g-m, and
passes to the state of a nitrate; at a higher temperature,
this
is decomposed, and oxygen, azote, and a portion of nitrous
acid, which has not been decomposed, are evolved.
What
remains is potassa. When projected on ignited coals, it burns
brilliantly.
Detonation
also ensues by mixing nitre and
charcoal, and throwing the mixture into a red-hot crucible.
The residuum is carbonate of potassa. Fourcroy (Systeme
&s Connoissances
Chtmigues,
Tome iii, p 124.) observes,
that metals, with nitrate of potassa, will decompose this salt,
ahd reduce different coloured flame, extremely brilliant, on
whit K account such substances are used in fire-works.
The aldhymists believed, they could obtain, from nitre, a
liquor, which au@ .+b.ons;itute, with other substances, the
The C&SSUS of nitre, they imagined,
philosopher’s
stone.
possessed
wonderful properties. The decomposition
of nitre
by charcoal, they effected in two ways, oiz. by submitting
the mixture to the action of heat in a crucible, or, otherwise
in an earthen or iron retort.
In the latter case, they collected a fluid, principally water, containing some carbonic acid,
and the aeriform product they suffered to escape. The residue they named nitre jxed
by charcoal,
or, the extemporaneous alkali of nitre. When, in the place of charcoal, a mixture of sulphur and nitre was projected into a red-hot crucible, they obtained a saline substance, to which they gave
the name of sal polychrest.
This is the same as vitriolated
tartar, or sulphate of potassa, and is that salt which is formed
in the distillation of nitric acid from nitre, and sulphuric
acid. The crystal mineral,
of some of the old pharmacopaGas, was nothing more than nitrate of potassa fused with
a portion of sulphur, and, therefore, a mixed salt, consisting
of nitrate and sulphate of pbtassa.
Nitrate of potassa, distilled with half its weight of sulphuric acid, furnishes nitric acid, or concentrated
spirit of
nitre.
This, diluted with about an equal weight of water,
forms the qua fortis of the shops.
A mixture of nitre and phosphorus, if struck with a hammer, pro-lutes a violent detonation.
Nitre oxidizes all the
metals at a red heat, even gold and platinum.
Nitre and sulphur, thrown into a red-hot crucible, produces an instantaneous combustion, accompanied with a great
H
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disengagement of light and heat. Sulphurous acid gas, with
sulphuric acid, is produced.
Equal parts of cream of tartar, (supertartrate
of potassa,)
Two
and nitre, deflagrated in a crucible, form wfzite/ux.
parts of tartar, and one of nitre, treated in the same manner,
produce black JEux.
Three parts of nitre, one part of sulphur, and one part of
sawdust, mixed together, form the powder of fusion.
When three parts of nitre, two parts of potash, and one
of sulphur,. all previously well dried, are mixed together, the
compound is called p&is fuhinans,
or, fulminating
powder.
A small portion of this powder, or as much as will lay on a
shilling-piece,
put on ti shovel, and exposed to heat, will first
melt, become liver-coloured,
and then explode with great
noise. The theory of this explosion is, that a part of the sulphur,
and the potassa unite, and form a sulphuret; the sulphuret
then decomposes water, and produces sulphuretted
hydrogen
gas, which appears to be decomposed by the nitric acid; and
there results sulphurous acid gas, water, and, as Thenard
observes, protoxide of azote, azotic gas, and su1phate.of potassa. The loudness of the report depends’ on the combustion of the whole powder at the same instant, which is secured by the previous fusion it undergoes.
Gunpowder,
on
the contrary, burns in succession, although apparently instantaneous. In using common potash, there is also, as the alkali
contains it, carhonic.acid,
given out in the state of gas. In
fact carbonic acid appears to assist the explosive effect of this
powder, for when it is prepared with potash, containing
little carbonic acid, its detonating poiver is considerably less;
Nitre likrwise enters into the composition of another fulHiggins’s fulminating powder, invented by Dr. Higgins.
minuting powder is composed of three and a half parts of
nitre, two parts of crude antimony, and one part of sulphur.
‘I’hls is used in the same manner as the former.
Nitre enters into the composition of gunpowder,
which
we shall notice under a separate head. The proportions
of
nitre, sulphur, and charcoal, for the formation of gunpowder,
which are considered the best, are, 75 parts of nitre, 124 of
charcoal, and l-i& of sulphur.
The new powder of R/1M. Gengembrie and Bottbe, which
inflames by percussion, but without explosion, is composed
of 2 1 parts of nitre, 54 parts of chlorate of potassa, 18 parts
of sulphur, and 7 parts of lycopodium.
A mixture of nitre and crude antimony projected into a
red-hot crucible, produces a deflagration more or less rapid,
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forming a composition which is used in pharmacy, and medicine.
The quality of saltpetre may be determined
by a variety
of experiments.
Fire-workers
judge of its quality by the
colaur of its flame.
The flame should be white. If it be green or yellow, it is
said to be impure.
Nitric acid, obtained by distilling
saltpetre-and sulphuric
acid, has a powerful effect on inflammable
substances.
If
nitric acid, or in preference, the ruming nitrous acid, be
poured on spirit of turpentine, especially if it be old, it will
inflame.
To succeed, however,
in this experiment,
a small
portion of sulpburic acid is usually added to the nitric acid.
As this effect is owing to the facility, with which the acid
parts with its oxygen to inflammable bodies, other essential
oils, besides turpentine, will have the same affect. If the same
acid is poured on finely pulverized
charcoal, or on Iampblack, combustion will also take place. When oils are used,
water as well as carbonic-acid is produced, and when charcoal or lampblack, carbonic acid alone. There is also a large
quantity of carbon, in the former instance, which remains on
the plate, or dish.
RI. Delametherie
(Journal
de Physique,
1815) has shown, that olive oil may be converted into a
substance, resembling, and having many of the properties of,
wax, by mixing it with a given proportion cf nitric acid. The
acid is. decomposed, deutoxide of azote is formed,
and the
oil acquires a hard consistence.
A candle made with this
artificial wax, he observes, burns with a clear light and without smoke. The experiment with the g-lace in~arnnza6Ze
is
on the same principle.
Morey (Silliman’s
Journal,
vol. ii, p. 121.) states a singular experiment, in which nitre is used; viz: If to tallow or linseed oil, a small quantity of saltpetre be added, and the temperature raised to nearly that o f the boiling point, the saltpetre appears to be dissolved by the oil; they will evaporate
and the mixture, or the vapour, will burn, 7~hoZZy
together,
excluded

froln

the atmosphere.

Saltpetre was one of the substances employed by the alchemists. It appears from the memoir of Geoffroy, (CoZZ. Acaa’em.
1782,) that the object of the alchemists was twofold; the
transmutation of metals, and particularly
what were denominated the basel- metals into the precious, which they pre&
tended to effect by a universal
spirit,
the gray& elixir, the
philosopher’s
stone, &c. and the reduction of metals to their
earths.
Alchemy was introduced
into Europe by the crG-
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saders, and it is remarkable, that, in the reign of Henry IV,
an act was passed to make it felony to transmute metals.
3YIr. Boyle, aware of its absurdity, suggested the propriety
of repealing that act, which was done. One of their powders
was composed of nitre, cream of tartar, and sulphur.
Although nitrate of potassa is generated in
Prepm-don,
abundance,
particularly
in the East, yet in all countries,
where the circumstances are favourable to its production,
it
is found,
It never occurs, native, in very large masses. It
is generally found in an efflorescence, on the surface of the
soil, or in caverns.
It never exists in the soil more than a
few yards beneath rhe surface. We may remark, that native
nitre has never been found in pure clay, or pure sand, except in the rock-ore, as it is called, of the western United
States. It is often found in caverns, and fissures in calcareous rocks.
In the East Indies, the districts which furnish saltpetre,
are swept at certain seasons of the year. This is repeated
two or three times a week; for the saltpetre again appears in
the same places, in the form of efflorescence.
It is supposed that some countries furnish saltpetre, in
consequence of the drought, which continues for some time.
At Lima, M. Dombay informs us, there is seldom rain; and
the fields, which serve as pasturage for beasts, are so much
covered with saltpetre, as to be removed with the spade.
There must then be a rapid formation of nitre.
M. Trrlbot
observes, that in the meridional provinces of Spain, the earth
When
frequented
by animals, contains it, ready formed.
saltpetre became an article of importance, the rulers of Germany, &cc. justified themselves in exclusively carrying away
the incrustations of walls from private bouses, which, when
it could be used, became accessurium fhzdi. Accordingly
this
regale, as it was called, was extended every where, and was
In 1419, Gunther,
archbishop
of
generally
unpopular.
Magdeburgh,
issued the first grant, which was the right of
searching saltpetre and boiling it, during a year, in the district of Gibicherstein,
for which the person, to whom it was
gtanted, was to pay a barrel of saltpetre, and deliver to the
archbishop the remainder at a certain price.
The succeeding archbishop, Frederick,
let, in 1460, to a
burgher of Halle, all the earth and saltpetre that could be
collected in the bailiwick of Gibicherstein,
for four years, at
the annual rent of a given quantity of refined saltpetre,
Bishop Ernest, in 1477, let, for his time, the privilege of
) collecting saltpetre.
In 15&&, saltpetre was collected, in the

.
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same manner, from the rubbish before the gates of Halle;
and in the fear following, the magistrates of Halle erected a
John VI, archpowder
mtll, and had saltpetre works.
The
bishop of Triers, granted similar privileges
in 1560.
saltpetre regale, was long known, and confirmed by a Bradenburgh decree in 1583.
Old walls, and the vicinity of stables, frequently exhibit
saltpetre in the state of efflorescence. It was the ancient SO-OFor
phula contra h/ides, rrpresented as a kind of leprosy.
the spontaneous production
of nitre, animal and vegetable
substances, in a state of decomposition,
and the presence of
dry atmospheric air are necessary. That lime, and the calcareous carbonates also promote its formation, there can be no
doubt.
Notwithstanding
the larqe quantity of saltpetre collected
in the East Indies, we are told, that two.thircis of the whole
are annually sent into China, and other p;irts of Asia, to
make artificial fire-works.
The pvrotechny of the Chinese
is said to be vriy perfect; in variety and beauty, some writers assert t11cv cxzced all other nations. There is a natural
nitre bed at Apuli+ nt ar Naples, which affords 40 per centum
of nitre. Pelletier, (An/; ti’e C/&n. tome xxii.) has published an
analysis.
‘1 he cavity ot ?.Ioii;,tta is one hundred feet deep,
containing grottos or cavcr:25. iCitrate of potassa is found in
the interior, in efflorescencc or crusts, attached to compact
limestone.
On removing these efflorescences, others apprar.
The soil in this cavity is richly impregnated
with nitre.
In Switzerland, the farmers extract an abundance of saltpetre from the stalls under their cattle. During the American revolution,
when every expedient was resorted to, to obtain a SUpiJly
of this article, the floors of tobacco houses, &c.
were dug up and lixiviated.
In the reign of Charles the
First, certain patentees were authorised to dig up the floors
of all dove-houses, stables, &c. the floors being again laid
with mellow earth.
T’he Ukraine, Podolia, Hungary,
Spain., Italy, Peru, and
India, furnish more or less of this salt, which is extracted by
lixiviating
the earths that compose the soil. The springs, in
particular districts of Hungary, contain it.
We are informed, (Ann. de Chim, xx. 298,) that, during
. the second and third years of the French Republic, the government
required
every district to send two intelligent
young persons to Paris. This convocation,
consisting of
nearly eleven hundred persons, received regular instruction
from their first chemists, partly concerning the manufacture,
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of cannon, and partly respecting the manufacture of saltpetre
and gunpowder.
This body of pupils was afterwards distributed among the different establishments
in proportion
to
their abilities, and saltpetre was soon furnished in abundance.
In the United States, we have an abundant source of saltpetre in the ;Izitre caves of the western country. There is now
no occasion for lixiviating
the soil of tobacco houses, or of sta- _
hles, or the refuse of old buildings, the preparation of artificial
nitre beds, as adopted in France, or for any other expedient, to
furnish a su-pply of saltpetre; these caverns, which are calcareous, producmg it in great abundance. ‘The enl-th of these caves
does not, however, contain pure nitrate of potassa, but generally a mixture of this salt and nitrate of lime, a calcareous nitrate which constitutes the principal part. The latter is changed into nitrate of potassa, as we shall observe more particularly hereafter, by making a lixivium
of the earth in the usual
manner, and passing it through wood ashes. ‘I-he alkali,
which the latter contains, decomposes the nitrate of lime, by
uniting with th e nitric acid; hence the fluid, which passes
through, is nitrate of potassa or saltpetre. This is evaporated,
and suffered to crystallize. It is then the crude, or rough nitre,
which is purified, princiizally by re-solution,
and crystallization.
‘The s+rtre
makers, at the caves, have found, that two
bushels of ashes, made by burning the dry wood in hollow
trees, afford as much alkali as eighteen bushels of ashes obthe nitre earth contained from the oak. Notwithstanding
tains a mixture of the nitrates of potassa and iime, nitrate of
potassa, nearly pure, has been discovered.
It is sometimes
found in the fissures of sandstone, or among detached fragments. Some of thcss masses are said to weigh several hundred pounds.
Besides these caverns, which have been accurately described by Dr. Ijrown, in the ‘fransactions of the American
.Philosophical
Swietp,
(vol. v, vi.) similar caverns have been
discovered in ‘Tennessee, and in some parts of Virginia and
Maryland.
At Hughes’ cave near Magerstown, in ,IVIaryland,
this salt has also been made.
We are of opinion, that most of the calcareous caverns in
the United States, if carefully examined, might be found to
contain nitre, or at least, the calcareous nitrate, which is readily converted into nitre by lixiviation
with wood ashes, or
the addition of a due quantity of potash.
Professor Cleaveland, in noticing the saltpetre caves of the
western country, observes, (Elementary
Treutise
on Mznera!qy and Geology,) that one of the most remarkable of these
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caverns is in Madison county, on Crooked Creek, about sixty
This cavern extends entirely
miles S. E. from Lexington.
through a hill, and affords a convenient
passage for horses
and wagons.
Its length is six hundred and forty-six yards;
its breadth is generally about forty feet; and its average
height, about ten feet. One bushel of the earth of this cavern,
commonly yields from one to two pounds of nitre; and the
same salt has been found to exist, at the depth of at least fifteen feet; even the clay, a fact which seems rather remarkable, is impregnated
with nitrate of lime. Kentucky also furnishes native nitre under a very different form, and constituting what is there called the rocR ore, which is in fact a
sand stone, richly impregnated with nitrate of potassa. These
sand stones are generally situated at the head of narrow vallies, which traverse the sides of s;eep hills. They rest on calcareeus strata, and sometimes present :i front from sixty to
When broken into small fragments,
one hundred feet high.
and thrown intoboiling
water, the stone soon falls into sand;
one bushel of which, by lixiviation
and crystallization,
frequently yields ten pounds, and sometimes more than twenty
pounds of nitrate of potassa. The nitre from these rocks contains little or no nitrate of lime. l’his account is corroborated
by Dr. Brown,*
to whom our author is indebted for his remarks.
In a memoir in the American
Philosophical
Transactions
by Dr. Brown, then of Lexington
Kentucky, we have a description of a nitre cave on Crooked Creek, with the process
for extracting the saltpetre. From this memoir, the following extracts are made: The water which percolates through
the cave in summer, as the walls and floor are drv in winter,
condenses upon the rocks, and the substance thlls formed, has
the same properties as the salt obtained by lixiviating
the
earth of the floor.
As far as the workmen have dug, the
earth is strongly impregnated,
every bushel of which, upon
an average, furnishes one pound of nitre.
The same earth
will be again impregnated, if thrown into the cave.
What
length of time it requires to saturate it, is not known.
* The great cave on (Yrooked Creek. was discovered about the year
1800, b’ Mr. Raker.
We proceeded only a small distance into it. On the
succeedmg day, he brought his wife, and two or three children to explore
it. He carried a torch, which he accidentally dropped.
During two days
and two nights, this family wandered in total darkness, though sometimes
within the hearing of a cataract,
when, fortunately,
Mrs. Baker, in attemptiug to support hersel! on a rock, perceived that it was wet. She conjectured that it was caused hj the mud, which they had brought in upon
their feet. Baker immediately ascended the rock, and saw the light of day.
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The workmen have different modes of forming an opinion
with regard to the quantity of nitre, with which the earth
may be impregnated
They generally trust to thAr taste;
but it is always considered as a proof of the presence of the
nitre, when the impression made one dav on the dmt by the
hand or foot disappears the day following.
M’here
there is
a great deal of sand mixed with the dust, it is commonly
believed that a small quantity of potash will suffice for the
operation.
The method of making saltpetre, usually practised in Kentucky, is as follows:
The earth is dug, and carried to hoppers of a very simple
construction, which contain about fifty bushels,
Cold water
is poured on it for some time, and in a day or two, a s&ttion
of the salts runs into troughs placed beneath the hoppl rs.
The lixiviation
is continued as long as any strength remLlins
in the earth.
The liquor is then put into iron kettles, and
heated to ebullition; it is afterwards
thrown upon a hopper
containing
wood ashes, through which it is suffered to filtrate.
As the alkaline part of the ashes is discharged before
the nitrate passes through, the first runnings of this hopper arc:
thrown back, and after some time, the clear solution of nitrate of potassa runs out, mixed with a white curd, which
settlrs at the bottom of the trough.
This clear liquor is
boiled to the point of crystallization,
then settled for a short
time, and put into troughs to crystallize, where it remains
twenty-four
hours; the crystals are then taken out, and the
mother water thrown upon the ash hopper, with the next
running of the nitrate of lime. When the quantity of the
nitrate of lime is too great for the portion of ashes employed,
the workmen say their saltpetre is in the grease, and that
they do not obtain a due quantity of nitre.
If too much
ashes are used, they say it is inthe Zey; and when it is left to
settle previous to crystallization, a large quantity of salt will
be deposited in the settling troughs, which they call cubic
salts. These salts are again thrown upon the ash-hoppers,
and are supposed to assist in precipitating
the lime from the
nitrate of lime, and in the opinion of the workmen
are
changed into pure saltpetre.
To make a hundred pounds
of good saltpetre at the great cave, eighteen bushels of oak
ashes are necessary; ten of elm, or two of ashes made by
burning the dry wood in hollow trees. The earth in some
caves does not require half this quantity of wood ashes to
decompose the earthy salts.
When wood ashes cannot be obtained in sufficient quantity,
they make a lixivium of the earth, and boil it down, which

thick stufl
This
is put in casks,
where ashes can be hati.
1Vhen
passed through
wood ashes, it is changed,
process, into, saltpetre.
Havicg
thus given
count, let us inquire,
in the nt xl: 1Jhc6,
into
they

call

to a place

and transported
dissolved
and
::s in the former
the Doctor’s
acthe theory of the

process.
The mixed nitrate,
consisting
The theory is very evident.
of variable
proportions
of nitratt2 of lime and nitrate of potassa, is extracted
from the saltpetre
earth by water,
which
PGowli, as the affinity of nitric acid for pot:issa
dissolves
it.
is greater than for lime, and consequentlv
potnssa will d<Actjtnpose nitrate
of lime,
when the lixivium
is passed through
wood ashes, the potassa they contain
will unite with the nitric acid, and the lime
be separated,
which
remains
in
‘1 he Iiqucr
hr)lds in solution
no other
salt
the hopper.
than nitrate
of potassa,
~rovic!etl
the qua:>tit~.
of alk::li
ir:
to eilkct the ci~com~sosf:io:;;--l:
the wood ashes be sufl!ici~t
anore, it will pass through
in an uncom!Jined
state; ;.nd ii
less, the liquor
will contain
nitrate
of lime.
As the aikali contirln,;, L .)re or less carbonic
acid, the decomposition
is
not a case of single I,gt of double nffinit!?, in tvhictl we form,
at the same time, a ~;;T!x)I:z~c:
of
lime.
When the soluticj;l
ii I,c>ilt-cl, and set aside in the troughs
to crystallize,
the nitre will form in B regnlar
manner.
The
mother
water, or the fluid wi-s-c:1 rcnl.ii~;s
aider the cr) stallizatioc, may contain,
from the circumstznce
Lcforp stated, einitrate
ol lime--i;~uce
it i3
ther potash,
or undecomposecl
thrown on the hopper in a subsequent
opcraticn.
The nitre, however,
as made at the caves, is c’a!!c--1 l.;::,yi&
or crude nitrc.
Before
ie is used for the tnanuf;z::tilr
i: of
and other ptu-poses,
it is purified
or rcfincad.
gunpowder,
which
we shrill notice more fully hereafter,
‘l’his operation,
is nothing
more than the sr!>ara:ion
of :\I1 earth), salts, aild
ahe alkaline
muriates
and sul$ntes;
in other words, the conversion
Of
the
whole by the Ski-;draiion
of
lbrc’ign
substances,
into pure nitrate of potassa.
The
mode of treating
the ~ocR ore, or sand rocks, which
given.
contain
nitre, is the same as IjCtol”42
It contailis
more
uitrate
of potassa, and therefore
requires
less potash, and in
some instances,
the nitre is perfectly
pure.
T’lit: ;?;LIl,i 1YXk~
often yield
twc-nty or thirty
pounds
per bushel.
:I in;~:; ci’
pure nltre,
weighing
sixteen
huandrcd po~i~rls, hia; i;t .:n diicovt:reri.
Srrrallcr
masses have al50 !~cn fr,und.
The rocks wliich
contain
the greatest quantity
of nitre CM-:’
extremely
difflrult
to bore, and WC dngc~l brolyn or vc!lory.
a
I

Saltpetre makers find it to their interest to work the rock ore
in preference to the calcareous nitrate, as it yields more nitre,
It is a fact well known, that foreign saltpetre contains a variety of deliquescent salts, or those salts which attract and
absorb moisture and also common salt. ‘I’he efforts of European refiners art: directed to their separation.
The saltpetre
of the Western country, Dr. brown assures us, does not
contain common salt.
Dr. Brown, in Silliman’s
Journal,
i, p. 147, in a letter
to professor Silliman, observes, that there exists a black substance in the clay under the rocks, of a bituminous appearance
and smell. This black substance, it appears, accompanies the
sand-rock nitre, and is the same as that found in Africa,
which also accompanies nitre in that country. Animal matter seems to have existed in the nitre caves of Africa, forming, as Mr. Barrow expresses it, either a roof or covering; no
such matter, however, has ever been found in or adjacent to
the nitre caves of the Western country.
The observations
of Mr. Uarrow ou the subject of the
saltpetre of Africa m:~y be interesting to the reader.
He
observes, (Soutizer~ Aj-zcu, p. 25 1,) that, about twelve miles
to the eastward of the wells, (Hepazic
Wids),
in a kloof of
the mountain, we found a considerable quantity of native nitre. It was in a cavern similar to those used by the Bosgesmans for their winter habitations.
The una’er sur-bee of
the projecting
stratum of calcareous stone, and the sides
that supported it, were incrusted with a coating of clear,
white saltpetre,
that came off in flakes. The fracture resembled that of refined sugar; it burnt completely without leaving any residuum; and if dissolced in water, and thus evaporated, crystals of pureprisnzatic Gtre were obtained. This
saIt, in the same state, is to be met with under the sand-stone
strata of many of the mountains of Africa.
There was also in the same cave, running down the sides of the rock, a
black substance, that was apparently bituminous.
The peasants called it the urine of the das. The dung of this gvegarious
animal was lying upon the roof of the cavern to the
amount of many wagon loads.
The Rev. Mr. Cornelius, in describing a cave in the Cherokee country at N&jack,
the north-west an,gle in the map of
Georgia,
(Sillimrtn’s
Journal,
vol. i, p. 321,) observes, that
it abounds with nitrate of potassa, a circumstance very common to the caves of the Western country, and is found covering the surfaces of fallen rocks, but in more abundance be\le.ath them, There are two kinds; one is called the “ clay

dirt,” the other the “ black dirt.” The earth, however, contains calcareous nitre, and for that reason an alkaline lixivium is employed. In short, the process employed there is
the same as at the other saltpetre caves which we have described.
One bushel of the clay dirt yields from three to
five pounds of nitre, and the black dirt from seven to ten
po~mds. It seems also, that the same dirt, if carried back to
the have, will become impreguated with nitre.
Mr. Cornelius remarks, that these caves have been used
by the natives as burial places; in one of which he counted a
hundred human skulls in the space of twenty feet square; and
infers, that, by the decomposition of auimal matter, the acid
of nitric salts arises, and therefore
that this may have occasioned the tbrtnatiou ot‘ the nitrates of potassa and lime.
At Corvcion,
in Indian;c, there is a cave, which, accordv
ing to Stiison’s account, contains ‘both nitrate of lime, and
nitrate of magnesia. It is not worked.
Kain, in his remarks on the Geology and Mineralogy
of
East Tennessee, (Silknan’s
~oumal,
vol. i, p. 65,) observes,
that the numerous caves whi’ch have been found in the Cumberlantf mount:Gns, and other parts of Tennessee have been
very prociuctivc of nitrate of potassa; and in confirmation
of
the remarks before made, he adds, in investigating
the causes
that have given rise to these salts, that wild animals burrow in these caves; that, when pursued by the hunter, they
make them the places of their retreat, and probably die
there; that the aborigines have made th<*m a place of burial;
and that the streams of water, which flow through them, in
wet weather, carry with them not only great qicantitics of
leaves, but many. other vegetable productions.
Without offering any theory, by which we may account
for the formation
of nitre, in nitre caves, or in situations
which cannot be influenced by the putrefactive
process, we
may merely remark, that as nitric acid is composed of oxygen and azote, there must be some operation unknown to US,
by which the union of these elements takes place. Nascent
azote must unite with the base of oxygen gas; but whence,
in saltpetre caves, proceeds the azote and the oxygen2
It
appears that calcareous bodies facilitate
the formation
of
nitre, as they do in artificial nitre beds. The greater part
of the nitrous earth is lime; and it also appears, that the
same earth, after the extraction of the saltpetre, will again furnish it. We know that lime is a compound of a base called calcium united with oxygen; but in what manner it promotes the union of azote and oxygen, or furnishes either one

or the otiler of the-s? 5:4i;:s,
or perhaps
both, is altogether
uncertaiu.
Nor can v-t. _ ::ccount
for the formation
of potash
in the native
nitre of the nitre caves.
In other situations,
as for instance
where
nitrous
efflorescence
appears
on the
earth, and in arri:?cial
nitre beds, in which anlinal
and vegeta!,le substnl:ces
are ;n
* the act of decomposition
by the ;I”tret‘activc
fermentation,
we may account
for the generation
of ni:rll:
2citi.
It is extremclv
probable,
that the azote of the atmosphere,
and oxygen
ma) combine
spontaneously,
under particular
circumsta!lf.-es,
in
Vari<JUS
CJ]~er~ltimS
Of nature:.
Azotc,
it iz
known, f;!rms with oxygen tlvo gases, a protoxide
and deutoxIdc,
and the same clement3
in other proportions
form
nitric acid. Some condition,
unknown
to us, must, as an
As a conrlition
operating
cause, produce
this compound.
the p’resence
of calcareous
anrl alkdinrt
for its generation,
matter,
favours
the formation
of nitric
a::ld.
Of t\lis fact,
we have sufficient
proof, in the gcncr.ttioll
oi’ i-lirtc i!) artificial nitre beds. Hut, with respect tr, natural causes, although
the facts themselves
arc coiaciusivc,
we know little
or nothing.
Atmospheric
air is a mixture,
or compound,
according to
and azote, with carbonic acid;
some, of hi-o gases, oxygen
but the proportion
of the latter rarely exceeds two per cent,
whi!e the quantity
of oxygen
is about twenty-two.
It is n
solvent.
as well as a vehicle,
and hence may contain
water,
Miasmata,
which
is contained
often it;
gaseous fluids, kc.
the air, are vapours or efIluvia, that affect the htlman s\,stem,
are the interand bring on diseases, of which the principal
mittent,
remittent,
and yellow
fevers, dysentery
and typhus,
That of the last is generated
in the human
body itself.
The
the formation
of
same, or analogous
causes, that produce
nitric acid, may, under other circumstances,
cause thr formation of miasmata;
for moist
vegetable
and other matter,
in
some ;lni:nofv:rl
state of decomposition,
generates
it, and is
knoivlr to have caused the yellow and other maiignant
fevers.
(See all admirable
work on the causes, Src,. of the yellow fever
1): i’,Q,‘iiladelphia,
bv SAMUEL
JACKSON, ?+‘I. 1). president
of
the board of health,
etc. in reply
to the observations
of Dr.
Hosnck.)
The contagious
utuus-of the plagu-,
small pox, etc,
as it operates
in a more limited
distance
than marsh,
01‘
other miasmata, is communicated
oniy in certain locaiities,

and through

the intermedium

the chemical
azotc, under

nature of miasmata,
there
some form of combination,

of the atmosphere.

As to

can be no doubt that
is one of its c~fn

ponent parts, and one of the causes of disease.
Is not cyanoaen,
or cari~uret
of azote,
perhaps
combined
with hydro~en,
in the f’orm of bydroc) anlc or prussic
acid,
the
s&stance,
or principal
sulxt;mce,
which fovms the miasmata,
th:;t eng’enclers the yellow fever?
W’hat compounds
may be
formed of hydrogen,
su’lphur,
phosphorus,
carbon, and nzote,
so as to produce
miasmata,
that will act specifically
on the
system for the production
of intermittent,
remittent,
yellow,
permit
me to add,
typhus,
and other fevers. 7% ‘This inquiry,
is one of no small
moment,
as it involves
in it a question
of great importance
relative
to the origin
of yellow fever.
While
we thus digress,
in noticing
the compounds
of azote,
let us briefly
remark,
as an indisputable
conclusion,
that the
same causes of maliqnant
disease in the West India islands,
0per:rting
under sim:!ctl
circumstances
in every respect, may
engender
the sibme disease in our cities.
The atmosphere
is suuject
to chanqes of various
kinds,
and may be considered
not only as a solvent,
but a repose-

‘i’iier~ can be no doubt, as we observed, that miasma is variously
corny :;~::r,fctr,
’ ‘* hut there is no certainty,
as to what it is composed of, or
what mw!iIications
il. may assume.
That it is, however, a chemical combinatiou, and may be tl~*cornposed, and destroyed by chemical agents, appears equally true. Tlte ciisinfecting apparatus of Morveau, sundry fumigations, sic. are used for this purpose.
The proper destroyers of these gaseous poisons, are nitric acid vapour, muriatic
acid, and chlorine.
The
two last arc the most effectual.
I-low worrld chlorine gas act on prussine
gas, or cyanogen? Would it not deprive it of its carbon, forming the
ohlorocarbonic
acid, and thus set the azote at liberty, or might it not
Su:q3ose the
unite with the nitrogen, and form a chloride of nitrogen?
cyanogen to be combined with hydrogen, the decomposition of the hydroeyanic acid would be effected first by the chlorine combinin:
with thf
hydrogen, formin, * muriatic acid, and secondly with the carbon, fDrming
If hydrogen,
in any other combination,
shonld
cblorocarbonic
acid.
such compaunrl,
exist, would not the chlorine in every cast’ decompose
and thereby destroy its deletereous
properties
by taking away its hydrogen? I think it will be Proved, some time or other, that the miasma,
which produces yellow fever, is a compound of carbon and azote, with
bydrogen, acting under particular circumstances
and conditions.
Various other means, besides those we have stated, have been recommended to prevent the effect of contagious matter, such as odoriferous
substances,
preparations
of camphor, aromatic vinegar, called the vinegar of four thieves, &c. but all come short of the effect, and may be regarded as nostrums.
The vapour of burning sulphur, or sulphurous acid,
is used in the East against the plague; but this is inferior to either of the
other acids, of which chlorine, formerly called oxymuriatic
acid, is to be
preferred.
A mixture of four parts of common salt, one of black oxide of
manganese, and two of sulphuric acid, or muriatic acid poured on maaganese or red lead, will generate chlorine gas. Morveau’s disinfecting apparatus contains the above mixture.
The free use of this gas in apartments.
Sk kc. cannot be too strongly recommended.

tory for different foreign bodies,
Electricity,
an agent so
essential in the economy of nature, has its ends, its uses; and
while, no doubt, it unites hydrogen with oxygen, in the most
elevated regions of the air, and forms water, it may act
under particular circumstances to produce a union of azote
and oxygen 30 as to generate nitric acid. Dr. Priestley,
(Transactions
of the American
Philos@kal
Society,)
detected nitric acid in snow. Btit of all atmospheric phenomena,
the formation of meteorolites, or meteoric stones, is the most
wonderful.
If they be really formed in the atmosphere,
there can be no doubt, that the elementary principles which
compose them must exist in it; and that the phenomenon
denominated meteoric, in such cases, is no other than the
operating cause, by which meteoric stones are generated.*
Animal substances furnish azote, as it is one of their constituent parts; and in the act of its separation, by uniting
with oxygen, principally furnished by the air, it forms nitrrc
acid; which, attaching itself to the alkali of the vegetable
matter, or the lime usually added to nitre beds, or to other
salifiable bases, forms either nitrate of potassa, nitrate of
lime, or a nitrate of the particular base. The lixiviation
of
the nitrous substances, and the use of wood ashes, or potash
itself, will produce sa1tpetre.t
Brongniart
has given the following
process for purifying
or retining saltpetre: Pulverize
the impure nitre, and wash
it three times in cold water, in the proportion of 351bs. of
water, to 1OOlbs. of the salt, taking care to pour off the water
before another portion is added. These washings separate the
greater part of the muriate of soda, and the deliquescent salts,
such as nitrate of lime. When thus washed, the nitre is
to be dissolved in half its weight boiling water.
On cooling, the salt begins to crystallize, and, by agitating the liquid during the process, minute crystals are obtained.
These crystals when clried are to be washed in 51b.s. of cold
water for every 109lbs. of the salt, and then dried in a tern,
perature of forty-five
degrees.
In India, where nitrate of lime also occurs, but in situations different from those in the United States, the natives
extract the saltpetre by a process similar to that we have described.
They refine it by solution in water, evaporation,
* On this sub,ject, see a paperlby Mr. Howard in the English Philosophical Transactions,
for 1802, and by Vauqnelin in the Journal des JMines,
No. 76.
f For the history of saltpetre, the reader may consult, with advantage-
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and crystallization.
In France, the potash of commerce is
used; and the nitrates which are decomposed, are those principally of lime and magnesia.
According to the analysis of M. Pelletier, and the experiments of professor Vaizo, in 1i’S1, they found the calcareous
earth of the cave at Naples, to contain forty or forty-two to
the hundred, of nitrate of potassa. (See Annales de Chimie,
tome 23.)
In 1792, M. Pickel announced the discovery of native
saltpetre, in a quarry in the neighbourhood
of Wurtzburgh.
M. de la Rochefoucald
discovered nitre in the neighbourhood of chalk in France, in the departments of Seine and
Oise.
MM. Lavoisier
and Clouet, made a number <of researches with the same view.
Since that time, saltpetre, or
nitrous earth has been found in several of the clepartments
of France; and it appears reasonable to conclude, that in all.
situations favourable
to the generation of nitre, where the
same causes operate, nitre must occur in more or less abundance.
From the rubbish of old buildings, saltpetre
is obtained
In some quantity.
Old plaster is said to give five per cent.
‘Ihe soluble salts it contains, are six in number, viz: nitrate
and muriate of lime, nitrate and muriate of magnesia,
and
nitrate of potassa, and muriate of soda. Now it is obvious,
that besides the decomposition
of the earthy
nitrates,
the
earthy muriates also are decomposed by the potash, leaving
in solution, besides muriate of soda, if it is 1;o~ decomposed
by the potash, (which has this effect,) muriate, as well as the
nitrate of potassa. To refine the saltpetre
prepared in this
‘r he propormanner, consists in separating the muriates.
tions, in whi’ch these salts are to each other in a hundred
parts, are stated by Thenard, (T~uitk de C/like, Tome ii, p.
485,) to be ten, nitrate of potassa, seventy, nitrates of lime
and magnesia, fifteen, marine salt, and five, muriates of lime
and magnesia.
The mode of extracting
saltpetre, and the various processes which have been adopted for refining it, in Yrance,
and on the continent generally, have but one object,-that
of
lixiviating
the substances which afford it, and subsequently,
separating all foreign salts. The best memoir was written
by count Chaptal, occupying
forty-seven
pages in the Annales
de Chimie,
tome xx, In this he explains the theory at large.
In the same work, tome xxiii, there is also a paper by Guyton, and many other memoirs of the same character. In Chaptal’s Chimie AP#~z~?
+ * nzrr nuts, tome iv, p. I 19: in Thenard’s

?Faitf; de Chime,
tome ii, p. 485, and in the Armales
c/c Chianie ct a? Physique,
tome v, p. 173, the zubjcct is ably trcr:it*d,

We will now give the process of‘ exrrac;ing sa’ltpetre from
the rubbish of old buildings, principally plaster, as adopted
in France. Th e 1lxiviatiun,
in the first place, is performed in
the following
manner: a certain number of casks or rubs,
thirty-six tot- insta;lcc, is placed in three r;mgc:s. ‘1 hcsc tubs
are pieI-ctld laterally near their bottom, tt) a hole of about
half an inch in diameter, and closed with d cork; they arc
‘I’hcre is
placed above a trough connrscted with a rcsr;rvoir.
put then into each tub a bucket full of the plaster, preriously
pounded, which is supported in the casks by cross sticks, a
certain distance from the hole, so as not to obstruct the passage of‘ the fluid0 ‘ifter this, a bushel of wood ashes is added,
Water is then
and the tubs are then filled with the plaster.
put into the tubs of the first row, and after some time, the
stop cocks are turned; water is then put into thi: tubs of another row, and the lixiviation
is continued Fmtii the fluid
inc
dicates the zero of Beau,m&‘s areometer.
‘J’he saline waters,
which are thus obtained, are di ;G&zl into three parts, in proportion to their specific gravity, or quantity of salt they contain. ‘The lixivium,
of five degrees of the areometer, is
known under the name of eaux de cuite.
The waters, which
are marked between three and five degrees, take the name
of cuzlx deforte; and those below three degrees are called eauk.
foibles.
According
as the waters are weak, they art: made to
run through another range of tubs, in order to saturate them7
When strong and weak solutions are made to pass through
the tubs in the same manner , proceeding from the second
row to the third, and from the third to the first, the earths
plaster,
kc. being reneweri, the lixiviation
is not interrupted.
The lixiviation,
it appears, is thus continued; for we obtain,
at the same time, weak ‘ZUUZEY~from the second row, the
stro7l.g waters from the third, and the boililzg waters, or those
fit to be put into the boilers, from the first.
When a sufficient quantity of the strong solution is obtaincd, it is put into the copper, or boiler, and evaporated.
Durd
ing the evaporation, there is a scum formed, and sundry earthy
substances, in the form of a mud, are deposited. This IS usually caught in a vessel placed in the boiler, which is raised
from time to time, by means of a rope, moved through a pulley, and fastened to a chain from the handles of the v~sscl.
‘The solution is concentrated until it indicates the strength of
twenty-five
degrees of BeaumC’s areometer.
It is then mixed with the mo.tbcr -cater of the preceding tmiling,
and P
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concentrated solution of the potash of commerce is aiidc-d,
vntil the precipitation
ceases. The sulplmte of potassa tua>v
be used for the same but-pose, at least to decompose the nitrate of l;me; but it must be used in the first instance, and
the operation finished in the common way, by the addition of
potash. The precipitation
being finished, that is to sav, the
nitrates of lime and magnesia, being transformed
into nitrate
of potassa, the hot liquor is then carried in a large tab, called
the rcsercuoiy, and placed on the edge of the boiler.
As soon
as the insoluble salts, which the solution contains, are deposited there, which takes place immcadiately, the liquor is
drawn off clear by cocks, which are adapted to the tubs, and
‘I’he deposits
received into the boiler, previously cleaned.
obtained in the boiling, is washed &th a certain quantity of
the solution, which becomes clear, and is then mixed with
the preceding liquor.
From what has been said, the liquor must conta;n a great
quantity of nitrate of potassa, a small quantity of the salts of
lime and magnesia, and all the marine salt contained in the
plaster.
It is frequently the case, that the liquor contains
muriate of potassa, and a small quantity of sulphate of lime.
I[t is, therefore, su;lmitted again to evaporation.
When it is
at the forty-second degree of’ concentration, some part of the
marine salt separates, which rises to the surface, and is taken off, and drained throu-gh an osier basket placed over the
boiler.
The solution being concentrated to the forty-fifth
degree of the hydrometer,
it is put into copper vessels, in
which, by cooling, it crystallizes.
The salt is then separated
from the mother water, drained and coarsely bruised, and
afterwards washed in a certain quantity of thejrst
boiling.
It is now in a state to be delivered to the central administration, under the name of crude saltpetre, or saltpetre of the
first boiling.
The crude saltpetre contains about seventy-five
per cent of
nitrate of potassa. The quality may be determined by treating it with a saturated solution of pure nitrate of potassa,
which cannot dissolve any more of the nitrate, but will dissolve any foreign salts. The twenty-five
parts of the foreign
substances, contained in the crude saltpetre, are composed of
a large quantity of marine salt, and of a small portion of muGate of potassa. It is necessary to separate them, and other
foreign substances. The operation for ihis purpose, is called
,.
of sclltpefre.
the refining
The refining of saltpetrc is founded principally upon the
property, which nitre has, of being more soluble in warm ~aK
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ter, than the muriate
of soda, and muriate
of potassa.
Thirty
parts of saltpetre,
and six parts of water are put into a boiler, and the liquor
is heated.
13~ this means, there is precipitated a large quantity
of m:irine
salt mixed
with muriate
of
potassa.
A small
quantity
of water is added from time to
time, to keep the nitre in solution.
When the foreign
salt is not fully dtaposited,
the liquor
is
clarified,
and more water is added, sufficient
to form ten parts,
The
including
that which has already
been poured upon it.
liqllor
is removed,
when it is clear and less heated,
and put
into copper vessels, where it is agitated
to prevent
crystallization,
and to effect the pulverization
of the saltpetre.
The saltpetre
obtained
by this process
is not sufficiently
pure.
The purification
is completed
by washing it with water saturated
with nitre, which dissolves
the foreign
substances. This washing
is completed
in a vessel, the bottom
of
The nitre, however,
which
has been pierced
with holes.
is left some hours in contact with the water, when the latter
is permittecl
to run out.
\Vhen the solution
is of the same
degree of concentration
as that of the saturated
water, the
operation
is finished.
The nitre is dried for use.
The old process of refining
saltpetre
is thus described:
But into a copper, one hundred
pounds of nitre, and fourteen
gallons of \vr\ter; let it boil gently half an hour, removing
the
scum as it forms; then stir it, and before it settles put it into
filtering
bags, which
must be suspended
from a rack.
Put
under the filters
glazed earthen
pans, to receive the liqllor;
In two or
in which place sticks for the crystals to form on.
three days, it will all crystallize.
In some saltpetre
works, sulphate
of potassa is used with
advantage.
Th is salt is furnished
in abundance,
by the combustion
of a mixture
of nitre and sulphur,
in the manufacIt forms the residue
after the comture of oil of vitriol.
bustion.
It is likewise
produced
in the preparation
of nitric
acid, in the decomposition
of nitrate
of potassa, by sulphuric
be obtained
in quantity,
from the
acid.
It may, therefore,
oil of vitriol
manufacturers,
and the aquafortis
distillers.
It
is usl~ally called vitriofated
tartar.
It is known that sulphuric
acid forms, with lime, an almost
insolrlblc
compound,
called
sulphate
of lime,
or gypsum;
and hence, when sulphate
of potassa is mixed with a solution
of nitrate of litne, nit ate of potassa is formed,
which remains
$
in solution,
and suiphatc
of lime is precipitated.
The same
effccr takes place with all earthy nitrates.
For the application of sulpllatc
of potassa,
in this way, we are indebted
tcy
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It might be advant;igeously
employed in de3%. Berard.
composing the calcareous nitrate of the nitre-caves of the
western country.
M. Gongchamp has recommended the use of sulphate of
soda, or Glauher’s salt, for decomposing the muriate of lime,
which exists occasionally in impure nitre.
These two salts
reciprocally decompose each other; sulphate of lime is precipitated, and muriate of soda remains in solution.
The latter is separated by evaporating the nitrous solution.
de I’ALaclemic
a’es Sciemes
de
k/i. de Salutes (Menmire
Tz:rf;l, Antte’e, 1805 2 1808,) has proposed a new process for
put”i<~~ing nitre.
It consists in filtering it through argillaceous &th, or clay. Although
the process is highly spoken
of, vet we can see no particular advantage it possesses.
dhaptal observes, th:lt tile ?;rocess nlo<tly in use is that of
dissolving 2ooo pounds of crtlde Atpd:Irr: in a copper bniier,
As the solution is made bv the. heat,
in 1600 lbs. of water.
the scum, which forms, is taken OK. Twelve ouncL:s oi‘ ~1~~5,
dissolved in ten pints of boiling water, and miseil with four
pails full of cold water, are then added. ‘l’his addition ~~1s
As to the manipulations of the proccns. they
the soluri~n.
T’ire principal thing to be attended tc>. is
have &cu given.
~;;ich is done during the boiiing.
to separate the Ilikti’itlc*
shir,
To pass thi:j s:kItpetrc ~li~i.~;l;gh a wcond operation,
in
order the more to purify. it, it is again CIis>olvetl, in the proportion
of 2000 pounds,
111 one-fourth
05 I;!; weight of water.
Heat is applied.
The scum is separ;:~e~!; ;I solution of 8
ounces of glue in one or two pails full of water is then
added,
After the solution becomes clear, it is s~~@‘~rrdto
cool, and at the expiration of five days, it will crystaiiik;,
r:;’
form in a mass, which is then exposed to the air six or eight
weeks to become completely drv.
In treating of the formation of nitre in France, BottGc anlt
Iiifault (Trait&
de I’Art
de Fabriper
lu Pot&e
cc C’tuun,j
consider it under the following heads:
1. ‘The constituent
princij9les
of nitre;
its gener-ation,
cuzd
of
the theories respecting
it. In this article, the composition

nitric acid and its union with potassa, and the production
artificial nitre, are taken into view.
2. Nitrous

earths,

and

substances

which

yield

of

saltpetre.

This subject comprehends a view of the substances, which
contain saltpetre, as well as those which afford it by nitrification.
3. 7he preparation

This article relates
production of nitre.

of the s&stances

to the manipulations

to poduce

required

saltpetre.

for the

4 +IXe mnn?ler of lixiviuting
salt/etre earths. The lixivialion is an important part of the process, however simple it
may apj)ear; as upon its accuracy depends the quantity of
the prociiicc.
5, Y&e trecrtment of the dzj?erent waters (lixiviums)
iwith
This article
[IOtcish,
sulphnte
(if
f~ofrrssa,
and wood-ashes.
pintr
out the use of potash in decomposing the earthy salts,
such as nitrate of lime; of sulphate of potassa, which converts thr nitrate of lime by double decomposition into nitrate
of potassa, the sulphate of lime being precipitated;
and of
wood-ashes, which ac: in the same manner as potash, as
they contGn this alkali.
6. cl?le euuporation of sultpetre waters, and the crystalli~~lt~O;l Gf nitr6.
In this article, they consider the separation
of foreign alkaline salts, as muriate of soda, and the crysta!lization-of the nitre, to obtain it in a state of purity.
7. The treatment of the mother water oj‘ cq~trrllixcrtion.
This article refers to tIlc manner of using tile motiler water,
in order to obtain more nitre fr-:!n~ it, anti its employment in
lieu of fresh water for othc r lixiviums.
They deb!j the old process.
8. Tile rckn;l L boy ~frcf~~pirc
xribe here ‘thy aid pr~xess, in which a variety of substances
were used to purify the saltpetre, but which is now generally
:;bar?doEed, or laid aside
9. ‘Be process of refining saltpetre, as ad9pted in the esUnder this head the\:
:~iblishments of the administrclticn.
‘rive,
in
detail,
the
process
employed
t’hroughout
France, as
h
uniform and the same, in ever! refiner!,.
IO. The manner of prowea’ing iz the cxamimtion
of vcrriws Kinds of saltpetre in the magazines of’ the udministration,
‘This article relates to the difrercnt modes of examining salti)e trc.
I I. On the manufacture
of potash and piedash.
This
subject is important, as potash is an indispensible article in
the preparation of saltpetre, and the formation of the alkali
may be considered as of primary magnitude
in establishments, conductecl upon so large a scale as those of France.
It is thus, that a regular system is adopted, by the French
for the production
of saltpetre; and we may
government,
add also, for the manufacture of gunpowder,
whieh we notice
in that article.
It may be proper to mention some facts, respecting the
formation of nitre-beds, and the means adopted, in this way1
to obtain saltpetre, and to offer, at the same time, some oh
servations on this mode of obtaining nitre.
l
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The ,!U&toiu~s de I’Academie des Sciences, 1720, contain the
observations of M. l3ouldsc, relative to the process of lixiviating saltpetre earths. Lacourt published a pamphlet some
concernant
la Fabrication
du
years after, entitled, Instruction
Saltpetre.
Various dissertations appeared on the same subject. In 1775, the French Academy of Sciences proposed
a prize question, which produced a more thorough investigation.
The Memoirs of Thouvenal,
of the Chevalier
de
Lorgna,
and of M 3%. de Chevrand,
and Ganivel, were
highl!, approved, some of which took the prize.
Chaptal,
who has done more, perhaps, than anv other person in
France, to promote this all-important
object, published, in
1794, ;in excellent dissertation,
founded on experiment and
observiition.
This Memoir was published in the JoumaZdes
Arts et fManufacturcs,
t. iii, p. 12.
Kirwan (Geologicd
Essays,
p. a~,) remarks, that the
saline crust, which is found on the walls of the ‘wuses ok
&Malta, is owing to the walls being built of fine grained lime5t0fle.
When wetted with sea-water, it never dries.
The
crust is nitrate of potassa, nitrate of lime, and muriate oi
soda, anti is sotnc tenths of an inch thick. Under this crust,
the stone n~ulders int,o dust. \Yhen the first falls off, it is
succeeded by a second, and so on, until the whole stone is
destroyed.
This particular
erect, however, is attributed to
the presence of marine salt.
Mr. Kirwan observes, that, “ AI. Dolomieu shows, at the
end of his Tract on the Lipari Islands, that tbe atmosp~nerc.
of Malta, in some seasons, when a south wind blows, is remarkably fouled with mephitic air; and, at other times, wher
a north wind blows, remarkably pure; and hence, of all others,
Mr. Kirwan
most fit for the generation of nitrous acid.”
remarks, “ How the alkaline part of the nitre, which is one
of the products resulting from the decomposition
of this
stone, is formed, is as yet mysterious: Is it not from the tartar-in lately discovered in clays and many stones?” He adds..
after speaking of animal and vegetable decomposition,
“ 1
should rather suppose, that the alkali is conveyed into these
earths by the putrid air, than newly formed; and the reason
is, that tartarin, (potash,) notwithstanding
its fixity, is also
fouBd in soot; and, in the same manner, may bc elevated
in putrid exhalations.
Artificial
nitre-beds consist of the refuse of animal and
vegetable substances, undergoing
putrefaction,
mixed with
calcareous earth; the refuse of old buildings,
particularly
plaster; earths from the vicinity of inhabited buildings; blood,

urine, &c.

They

are covered,

from

the rain,

by a shed,

open

Cramer, an author of credit, informs us, that
In
he made a little hut, with windows to admit the wind.
this, he put a mixture of garden mould, the rubbish of lime,
and putrid animal and vegetable substances.
Ht frequently
moistened them with urine, and in a month or two found his
composition
very rich in saltpetre, yielding at least oneeighth part of its lb-eight. The practice of obtaining
nit:‘r
It
from nitre beds, was followed iu France and Germany.
is extracted and refined by the process already given.
When oxygen gas is prc:sented to azote at the moment of
its liberation, nitric acid is furmad.
As ammonia is the result of animal putrefactio;),
or is formed in the process, hydrogen must unite also with azote. The azote is furnished
by the animal substances. These facts being known, we are
enabled to account for the generation of nitric acid, and, consequently, of the earthy and other nitrates, in artitiial
nitre
beds.
In noticing this subject, it is unnecessary to quote the
opinion of Stahl, who believed that there was but one acid
in nature, the sulphuric; and that nitric acid was the sulphuric acid, combined with phlogiston, which he affirmed was
produced by putrefaction;
nor is it necessary to mention the
opinion of Lemery,
who believed that nitre exists ready
formed in animals and vegetables by the processes of vegeThe experiments of the French
tation and animalization.
philosophers have put these opinions at rest.
Thouvenal
discovered,
that nothing more was necessary
for the production
of nitre than a basis of lime, heat, and
animal
open air; so that nitre beds, formed of putrefying
and vegetable substances, with the conditions thus stated,
must produce saltpetre; a fact which experience abundantly
justifies.
The process for th& formation of nitre, is called nitrzjiat the sides.

cation.

Although animal substances, by putrefaction,
furnish azote,
and nascent azote unites with facility with the oxygen
of the atmosphere, by which nitric acid is generated(hence
the spontaneous decomposition of nitre composts)-yet
Vauquelin is of opinion, that the presence of calcareous or alkaline substances is indispensable,
and that the production
of carbonate of ammonia from the animal matter, is another
compound, which results from the same decomposition.
Ammonia is produced by the union of azote and hydrogen, 2nd
carbonic acid by that of carbon an,d oxygen. He considers
then, that the presence of lime, magnesia, potash, &c. Q%-
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term&es the union of the azote with oxygen, and of course,
the formation
of nitric acid; and as this acid unites with
one or other of these substances, according to circumstances,
we have either nitrate of lime, or of magnesia, or nitrate of
pot3ssa. The idea that water is decomposed in the change
which animal and vegetable substances undergo, in the process CJf nitrification,
is contrary to observation;
for the presence of air in dry situations, is indispensable to the process.
If a compost, made up of animal, vegetable, and calcareous
substances, and put in small beds or heaps, and covered with
a shed open at both sides, be frequently turned to admit new
surfaces to the air, and occasionally moistened with urine, &c.
-nitric
aci:i will be generated as the putrefaction
goes on.
When this process is suffered to proceed until the decomposition is complete, <rnd the beds then lixiviated,
the quantity
of nirre will be considerable.
In all cases, we are to observe,
that, as various earthy nitrates are produced, and mostly nitrate of lime, potash,“or wood-ashes which contain this alkali, are to be used.
It was long since shown by Glauber, that a vault plastered over with a mixture of lime, wood-ashes, and cows’ dung,
soon becomes covcrcd with efflorescent nitre; and that, after
some months, the materials Yield, on lixiviation,
a considerable proportion of this salt. * 33. de Roder, speaking of nitrous walls, observes, that t::e efllortscence of nitre on them
is in consequence of the stone, lime, and sand employed in
the building.
What is denominated the saltpetre mt, is 812efiorescence
observed on the walls of old buildings, and on the ground.
Dr. C. F. Gren, professor at Halle, in Saxony, (F&+Zes
of f%%dern C’llemistl-y, vol. ii, p. 128), verv justly remarks,
that, among the matters capable of corruption, those are the
most convenient in making nitre, which contain
the greatest
portion of azote, of which animal substances are the first;
among which he enumerates flesh, blood, skins, excrements
of animals, old woolen stuffs, and urine. He also mentions
marsh plants, green herbs, mud from streets trodden by cattle, and the ground from marshes or bogs. As a compost he
adds, that the ground from church-yards,
where corpses
have successively, and during a long series of years, undergone corruption,
would be the best for artificial nitre beds.
On the subject of nitre beds, the reader mav consult the
Hecueil de ik&emoires et de Pieces sur la formuiion
et la fabrication du salfpetre, a Paris, 1786, 4eo. These remarks on
the generation of nitre, although of more ancient date, are
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confirmed by James and Herman Boerhaave,
(Chemistry,
kc.> Hoffman,
(de Salium
Medicorum,
et de Przstuntissimu
,Nitri
V;rtute),iStahl,
(de USU Nitri
-Medico),
Neuman, (chcmical works), and Lewis,
(Materiu
Medicu)-all
of whom
have written more or less on the formation of saltpetre; to
which we may add the observations
of Parr, (London
Medical Dictionary,
vol. ii, p. 24.)
The process for extracting saltpetre from damaged gunpowder is nothing more than putting it into a boiler, and adding water sufficient to cover it. On applying heat, the nitre
will be dissolved.
If any scum forms, it must be removed,
When the solution is effected, pour it on a sufficient number
The
of filters, and collect the fluid which passes through.
residue may be treated with more water, and the whole again
filtered.
After boiling the solution, set it aside to crystallize. The sulphur may be recovered, by subliming the residue in a temperature not sufficient to inflame it. The charcoal may be used again for the same purpose.
Saltpetre, when properly refined, does not contain any foreign salts, and its purity may be known by a variety of experiments, as follows: make a solution of the salt in distilled
Put a portion of it
water, and filter it through paper.
in a wine glass, and add a solution of carbonate of potassa.
To another portion, add a small quantity of muriate, or in
preference, nitrate of barytes. To a third portion, add nitrate
of silver. If the fluid in the first glass remains clear, without any turbidness, we are to infer the non-existence of earthy salts; if turbid, that it contains lime, or some other
earth, either in the form of a nitrate or muriate.
The addition of oxalate of potassa to another portion of the solution
will show the presence of lime by forming a precipitate, and
the addition of carbonate of ammonia, and then of phosphate
of soda, will indicate magnesia. If the second glass remains
transparent, it shows that neither sulphuric acid, nor any of
the sulphates are present. If the fluid in the third glass continues also clear, we infer that none of the muriates exist.
of
These experiments are sufficient to show the purity
saltpetre.
It would afford perhaps more satisfaction
to
institute also the same experiments on other samples of nitre, by which a comparison may be formed of the relative
purity of each. To make an analysis of the salt, with the
view to determine the proportion of the foreign substances
would be altogether unnecessary for common purposes.
A
regularly
defined crystal would, in a great measure, point
out its purity.
The double refined saltpetre is chemically

Artificers determine the purity of nitre by its flame;
if white, they call it pure, if yellow, impure.
The same reagents may be used in the examiuation of gunpowder, as we shall notice hereafter. If a portion of powder be
mixed with distilled water, the water will dissolve only the
When
saline substances, leaving the charcoal and sulphur.
the whole is thrown on a filter, the fluid, which passes
through, will contain the saltpetre, and foreign salts, if any
are present.
Th e same experiments may then be performed
with the solution, and the quality of the nitre, of which the
gunpowder
was made, be determined.
Some gunpowder absorbs a large portion of water, which is owing to the presence
of deliquescent salts. These salts may be detected by proceeding in the way me have pointed out. The art of refining
saltpetre is so well known of late in the United States, especially by the Messrs. DuPont of Brand~wine,
Delaware, that
our gunpowder is of a very superior quality. I have examined
various specimens of this saltpetre, and gunpowder made with
it, and could not detect any of the sulphlates or muriates, either alkaline or earthy. For the manufacture of gunpowder,
and fire-works generally, the nitre, it may be observed, cannot
be too pure.
In pyrotechny, it is necessary to have the nitre in powder.
Pulverizing
it in a mortar is a tedious method, if a large
quantity is required for use. There is an advantage, likewise, in tbe,mode we will describe; because the saltpetre, besides being
extremely fine, is made perfectly dry. Put into a
copper kettle, whose bottom must be spher ical, fourteen pounds
of refined saltpetre, with two quarts or five pints of water.
Put the kettle on a slow fire, and if any impurities rise and
form a scum,
remove them; keep constantly
stirring
with two
large spatulas, till the water evaporates, and the nitre is reduced to a powder.
This will be perfectly white, and almost
impalpable. If it should boil too fast, remove the kettle, and
set it on wet sand, which will also prevent the nitre from adhering to the pot. It should be kept in a dry place. This
prowess
of powderin g saltpetre is performed on a large scale
for the manufacture of gunpowder.
pure.

Sec. 11 Of Nitrate
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This salt has been recommended in lieu of nitre, for preparing certain fire-works; but we confess, we can see no particular advantage in using it. It has the property of attractiug humidity
from the air, and on that account is render4
L

74

Substances used in Fire-works.

[CHAP.

If.

This salt is comunfit for the manufacture of gunpowder.
posed of nitric acid and soda. It was formerly called cubic
Are.
It may be formed, very readily, by saturating nitric
It crystallizes
acid with soda, and evaporating the solution.
in rhomboidal prisms. It may be formed mere economically,
by mixing together the solutions of nitrate of lime and sulphate of soda, filtering the mixture, and evaporating the filtered liquor. It will be sufficient to observe, that it deliquesces, or absorbs moisture, and in the fire, that its phenomena
are the same as those of nitre.
It does not melt so readily.
Used in the same proportion as nitrc, it will form a gunpowder, which soon, however, spoils by exposure.
It will,
like nitre, communicate a yellow colour to the flame of alcohol. Experiments were made with this salt, with the view to
the fabrication of gunpowder,
by MM. Bottee and Riffault.
Their conclusions, as we have stated, may be seen in their
work on gunpowder.
Professor Proust says, that five parts of
nitrate of soda, with one of charcoal, and one of sulphur, will
burn three times as long as common powder, so as to form
an economical composition for fire-works.
The cu6ic nitre, and the nitrum jammans were known,
and so caited, 1,~ the older chemists.
The former we have
seen, is ;he qitrate of soda, and the latter, is a combination of
nitric acic! and ammonia.
Nitrate of soda, consists of 6.75
acicl + 3.95 soda.
filtrate of ammonia possesses the property of exploding;
and, when exposed to a temperature of about six hundred degrees, is decomposed, furnishing the nitrous oxide, called alSO the protoxide of azote, and exhilirating
gas, besides water. Nirrate of ammonia is composed of 6.75 acid + 2.13
ammonia + 1.125 water.
8~. 11% Of Chlorflte of Potassa.
This salt, formerly called hyperoxymuriate
of potassa, is
used for sundry preparations, and especially for experimental
fire-works.
It is prepared by dissolving one part of carbonate of potassa in six parts of water, and saturating it with
chlorine, formerly called oxymuriatic
acid gas. This operation is usually performed in a WolJfe’s apparatus. The gas,
as it proceeds from the retort or gas bottle, is brought in contact with, and passes through, the fluid.
It is formed by
pouring liquid muriatic acid on the black oxide of mangancse, or by pouring sulphuric acid on a mixture of muriate
of soda, &xl the black oxide. When the saturation is nearly
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complete, crystals fall down. These being dissolved in boiling water, and the solution allowed to stand, pure chlorateof
potassa will be formed.
This salt is composed of 9.5, chloric acid, and 6 potassa;
and chloric acid is formed of 28.87, chlorine, and 3223,
oxygen.
It is to the oxygen in the salt, that its particular
properties in fire-works are to be ascribed.
This salt is decomposed by all combustible bodies, and detonations generally accompany the decomposition.
Hence it
k used in a variety
of experiments, some of which we will
give.
Three parts of the salt and one of sulphur detonate when
rubbed in a mortar. The same mixture, struck with a hammer
on an anvil, produces a loud explosion.
Phosphorus detoThe
nates with this salt either by trituration or percussion.
quantity of each should not exceed a grain.
Treated in the
same manner. with almost all the metals, the same effect takes
place. Cinnabar, antimony, pyrites, Src. produce the same effect. Nitric acid, poured on a mixture of this salt with
phosphorus, produces flashes of fire. A mixture of the chlorate and white sugar, when touched with sulphuric acid, immediately inflames.
Hence it is used in the preparation of
pocket lights; the mixture heing put on a cdmmon sulphur
mqtch, and immersed ir, sulphuric acid. The same preparation of sugar and chlorate of potassa, put over a tube used
for firing artillery, will set fire to the priming fuse, by dropping on it sulphuric acid. Owing to this efFect, RI. Gassicourt
(Archives
des Dkcouvertes),
recommended a similar mixture
for discharging cannon by means of this acid. As it contains a
large quantity of oxygen, that gas may be obtained from it
by distillation. Light decomposes it. It should, therefore, be
excluded from the light.
As this salt, when mixed with inflammable substances, detonates when struck with a hammer, it has been used for the
purpose of inflaming gunpowder without the use of the flint
and steel. There are several formula given for the purpose.
We remarked, when treating of the general theory of fireworks, that the Rev. Alexander
l?orsyth discovered
a new
kind of gunpowder,
which inflames merely by percussion;
that the gun-lock, which he contrived, was calculated for firing cannon, as well as musquetry; that it was so contrived as
to hold forty primings of such powder; and that the act of
raising the cock primes the piece. In his composition, each
charge of priming
contains no more than one-eighth of a
grain of chlorate of potassa. Since that period, it appears,
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that the lock, as well as the powder, has been improved, although neither of them is in general use. Thenard, (Traiti
de tXi~?i~, tome ii, p. 5~9, troisigme edition), has given a
formula for preparing
a priming powder of this salt, adapted to the new lock, which is made by mixing it with 0.55
of nitrate of potassa, 0.33. of sulphur, 0.17 of the raspings
of peach-wood passed through a ffine sieve, and 0.17 of
Iycopodium, or puffball. (See In$‘ammable
I’mm’e~-.)
This
salt also produces powerful effects with charcoal anti
sulphur.
Three parts of it, with half a part of sulphur, and
half a part of charcoal powder, produce most violent explosions. Two persons, in 1788, lost their lives by it. If this
mixture be thrown into concentrated sulphuric acid, a brilliant flame is produced. Such mixtures, we are informed, will
explode spontaneously.
It should not, for that reason, be kept
prepared.
Chlorate of potassa has been used in the place of
nitre, for the manufacture of gunpowder,
in consec~uen~e
of
its
explosive
cf&CtS,
its decomposition
by char coal. From
M. Berthollet was induced to propose it as a substitute for
nitre.
7’he proportions
used by Chaptal, (Chinzie A~f~Ziquk
aux arts, tome iv, p, 198), are six parts of chlorate of potassa, one of sulphur, and one of charcoal. They are to be mixed in a marble mortar with a-tin
pestle. The first experiment
was made at Essone, in France, in 1788.
No
sooner, however,
had the workmen begun to triturate the
mixture, than it exploded with vidence,
and killed two persons.
The force of this gunpowder is greater than that of the
common sort; but the danger of preparing
it, and even of
using it, is so great, that these circumstances will always prevent its introduction.
A salt, containing
so much oxygen,
and so loosely combined, that even the slightest friction, in
contact with inflammable
bodies, will separate it, must, of
necessity, prevent its use in that way.
The experiments, which were made at the arsenal at Paris,
on the 27th of April, 1793, comparing the effects of muriated
powder, and the superfine common powder, have given us
the following results:
1st. By the eprouvette of Darcy, consisting of a cannon,
which, being suspended to the extremity of a bar of iron,
described by its recoil an arc, of which the degrees can bc
measured.
Uecoil.
15 deg. s-20
z drachms muriatic powder,
2 -do
do moistened,
14 l-20
10 7-m
2 -common powder,
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2 drachms common powder,
muriatic powder,
common powder,

10 20 1G -

3 -3 --

i-%.2
9-20
6-533

From these results, it appears, that, by the eprouvette of
L)arcy, the muriated powder, or that prepared with chlorate
Of potassa, gave a superiority of force of about one-fourthP
2nd. By the eprouvette of Kegnier, which is repelled b>*
the explosion, to a distance greater or less,meaaurrd
by thr?
degrees of the arc which it describes:
Muriated powder,
Idem,
Idem,moistened,
Common powder, superfine,
Idem,
-

-

-

42
51 3-4

52
23
22

1.2

From which it results, that by the eprouvette of Rcgnic.t*,
the force of the powder of the oxymuriate is double tI!at oi
ahe nitrate, or common powder.
J?I.
KUggicri
is of opinion, that chlorate, or hyperoxymuriate of’;- ,,otassa may be employed with advantage
in the
composition of rockets, but we have not heard that it has
been used. It is more powerful in in cfkcts, and probably
for this reason he recommeaderl
it. ‘P‘i;i.i salt, mixed with
other substallces, will produce the ~Y/JP?L,ZY? c,f the lArntree, in imitation of the Russian fire.
Chloric acid may be obtained i3) a separate st;.tc:. i::;* :~,i!-~
ing the compound solution formed by passing ckiori:le 2;:::~
through a sol\Ltion of barytic earth, with p!“)sphate of siivc’i.,
which separates the muriatic acid. 13y cv:Ipontiou,
t’r:c
chlorate of barytes will crystallize in firle rhumboi:lal prism?.
tVhen these crystals are dissolved in water, and diluted s:;lphuric acid added by degrees, an acid liquid will be obta;ned,
which, if the sulphurlc acid be added cautiously,will
be found
entireiv free from the latter acid and ba:-ytes, anrl not a,%cted by kitrate of silver.
This is the chloric acid dissolved in
Chloric acid unites with sundry bases.
Combined
water.
with ammonia, it. forms a fulminating
salt, formerly described
by 3.1, Chenevix.
This salt is formed, by mixing together
c;trbonate of ammonia, and chlorate of lime. T!rc carbonate
of lime is then sclp ~!-a& bq’ the filtc>r, nud the clear liquid,
holding the chlorate cf ammonia in solution, is evaporated.
Chlorate of ammonia is very soluble in water and alcohol,
and decomposed by a moderate heat.
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Chlorates,
as the chlorate of potassa, are formed more
readily in the manner already stated: viz. by saturating the
base with chlorine, but in this case two salts are produced,
the chlorate and hydroihlorate.
Chloric acid has also been
obtained in a separate state, from chlorate of potassa, by a
process recommended
Mr. Wheeler.
I’erchloric
acid, composed of seven primes of oxygen
and one of chlorine, is obtained from chlorate of potassa,
treated in a particular manner. Three parts of sulphuric acid
and one of chlorate of potassa, when heated, will give a saline mass, consisting of bisulphate of potassa, and perchlorate of potassa. Deutoxide
of chlorine will be evolved.
The perchlorate detonates feebly when triturated with sulby

p 11Ll’i’.

Sulphur, or brimstone, is a principal ingredienL in almost
all the compositions of fire-works.
It should, therefore, be
pure. The flowers may be considered the purest kind of sulphur.
Sulphur is found native, either alone, or accompanying
certain minerals, such as gypsum, rock-salt, marl, and clay, as
in Switzerland, Poland, and Sicily. In the neighbourhood
of
salt-springs, it is also found; and frequently
in water, in
combination with hydrogen, forming the natural hepatic waters. It is also found on the surface of the earth,-as in SiVolcanic sulphur, or that which occurs in the fisberia.
sures and cavities of lava, near the craters of volcanoes, is
very common.
Solfatere, Siciiy, the Roman states, Guadaloupe, and Quito,
in the Cordilleras,
are most celebrated for native sulphur.
It has been found in the I.Jnited States, but in no quantity.
We have anumber of mineral springs, which deposite sulphur.
It occurs
The Clifton Springs of Ontario are of this kind.
abundantly, in combination
with hydrogen, as sulphuretted
hydrogtn gas, in various parts of the United States.
It is
Native sulphur is abundant in the island of Java.
obtained from the now almost extinct volcano, about sixty
At the bottom of the cramiles from the town of Batavia.
ter, there is said to lie many hundred tons of native sulphur.
Silliman (Jourd,
vol. i, p. 58) observes, that it is in the
crater of this volcano, that the celebrated lake of sulphuric
acid exists, “ and from which it flows down the mountain,
and through tt le country below, a river of the same acid.”
Sulphur, however, is usually obtained from pyrites or mc

It is usually
tallic sulphurets, by fusion and sublimation.
denominated
by the name of the place whence it comes.
Hence we have the Italian and Sicilian sulphur; the crude,
roche, or stone brimstone of Marseilles, &c.
The quantity of sulphur, which may be obtained from the
galena, or sulphuret of lead, by sublimation, is considerable*
Twenty-five
per cent is the loss sustained in the reduction of
the lead ore, which occurs so abundantly
in the neighbourhood of St. Louis.
When general, the then lieut. Pike,
(Expeditions, U’c. Appendix)
interrogated
Mr. Dubuque in
1805, respecting the quantity of lead obtained from those
mines, a detailed account of which is given by Schoolcraft,
he replied that the mineral would yield seventy-five per cent.
of lead, and hence the twenty-five
per cent. loss must be the
sulphur, together with any foreign matter it may contain.
The experiments of M. Vttuquelin, (r3nnaZrs de Chimie,
1811) to determine the quantity of sulphur contained in some
metallic sulphurets, show, at once, the proportion which may
be obtained from those combinations.
‘Thus he found, that
sulphuret of copper contains 21.31 per cent of sulphur; sulphuret of tin, 14.1; sulphuret of lead, 13.77; sulphuret of
silver, 1-2.7:‘; sulphuret
of iron, 22; sulphuret of antimony, 25; sulphuret of bismuth, 31.75; sulphuret of manganese,
74.5; and sulphuret of arsenic, 43.
Of native or prismatic sulphur, there are two species,
the common and volcanic.
The former is of two kinds, the
compact and earthy.
WC.) is dug at Baku on
Sulphur, says Hanway, (Travels,
the western side of the Caspian sea. It is found in the
neighbourhood
of the celebrated naphtha springs, some of
which form a mouth of 8 or 10 feet diameter.
Van Humboldt
(Annales
de Museum
National)
cornmunicated to the French national institute, that he discovered,
in the province of Quito, a bed composed of sulphur and
quartz, in a mountain of mica slate, and also sulphur in priEssays, p. 143) observes,
mitive porphyry. Kirwan (Geological
that sulphur promotes decomposition,
bv absorbing oxygen,
while it is thus converted into vitriolic a’cid; but moisture is
also requisite.
He attributes, in the same manner, the decomposition of stones that contain pyrites.
As the sulphur, which occurs in commerce, is chiefly obtained from its native combinations,
it may be proper to
make some brief remarks on this head. Sulphur in the state
of combination is abundantly met with, and in all countries=
It is found in the state of sulphuric acid, in various salts, as
gypsum, epsom salt, native alum, kc.; and united with me-

tals, formmg n&u-al sulphurets, as in sulphuret of iron, or
iron pyrites, sulphurtt of copper, or copper pyrites, sulphuret of lead, or potter’s lead ore, called also galena, sulphuret
of antimony, or crude antimony, sulphuret of zinc, or blende,
suiphuret of mercury, or cinnabar, sulphuret of arsenic, or
orpiment, kc. In fact, it appears to be a general mineralizer.
It is found also in some plants, and in animal substances.
Without detailing minutely
the processes employed for
extracting sulphur from its combinations, which may be seen
in Thenard, ( Trait4 de Cfzimie, tome i, p. l&4) it will be sufi
ficient to observe, that, in general, pyrites,
both of iron and
copper, are arranged in alternate layers in the form of a pyremid, and the roasting is continued for several months. Part
of the sulphur is cbnsumed, and part is sublimed, and is
condensed and collected in hollows, in the upper part of the
pyramid, whence it is removed several times a day. It is
They
also obtained from pyrites, by a kind of distiliation.
are reduced to coarse powder, and put into hollow iron
cylinders, or retorts, where the sulphur is disengaged and
melted, and thence runs into vessels of water. This process
is employed in Saxony, where nine hundred pounds of pyrites will yield one hundred to one hundred and fifty pounds
of sulphur, which is afterwards
purified.
When melted and cast into wooden moulds, it forms the roll
brimston e; and, by sublimation, conducted in large chambers,
as we shall afterwards mention, it is converted into the flowers of sulphur.
The residue of the sublimation is SU~I~~Z~I*
vierum, which is also used in fire.works.
The roll brimstone
is frequently adulterated.
In the island of Anglesea, it is obtained by the sublimation
of the yellow copper ore. The operation is conducted in kilns,
and the sulphur is conveyed by means of long horizontal
flues, and collected in large chambers. As the United States
furnish an abundance of martial pyrites, and also galena,
sulphur might be manufactured
in this country, and advantageously, especially from galena, which is very abundant in
the neighbourhood.of
St. Louis.
In the roasting of the ore,
all the sulphur is now lost, tons of which might be collected.
For the purpose of gunpowder, the<.purer the sulphur, the
better will be the powder; hence attention is always paid to
+i’hiScircumstance.
M. Michel, one of the principal refiners
of sulphur at Marseilles, has improved the process for purifying sulphur for the purpose of gunpowder.
IM. Libaw,
connected likewise with the French national powder establishment, has furnished a very useful and important memoir on
:he same subject.

Two methods are proposed for the refining of sulphur,
which we will briefiy state, namely, fusion, and sublimation.
The first is conducted in iron pots fixed in a furnace; and
the sulphur, before it is thrown in, is beaten into small pieces
with a mallet.
This facilitates the fusion, and renders it
more uniform.
Small portions at a time are thrown into the
This
boiler, and stirred frequently
with a wooden spatula.
manipulation ought to be continued till the boiler is filled.
The heat must be regulated so as not to inflame, or sublime the sulphur.
The sulphur of commerce is commonly of three diRerent
colours, viz: citron-yellow,
deep yellow, and brownish-yellow.
These colours depend on the different degrees of heat
to which the sulphur was exposed, in its extraction.
The
operation of refining
consists in conducting the fire in such
a manner, as that the colour of the sulphur will assume a
brilliant yellow, bordering on a green’. We must, therefore,
to produce this effect, operate on the sulphur according to
its colour.
For the green sulphur, as little heat has been
used for its extraction, the fire may be left under the boiler
until there is no more left to melt than the top. The sulphur of the yellow colour may be kept longer on the fire,
which may be removed when the mass is melted three-fourths.
The sulphur of a brown colour, being already much burnt,
may be removed when the mass is melted one-half.
If it is
required to operate on all the varieties at the same time, in
order to prcduce sulphur of a uniform colour, in that case
we must fill the boiler one-half with the green sulphur, onefourth with the yellow, and the remainder with the brown,
and removing the fire when the yellow is almost A holly
melted. The boiler is then covered with a lid. The fusion
is completed by the heat of the mass. The light bodies then
raise themselves to the surface, forming a black scum, which
is removed, and the heavy bodies fall to the bottom.
The
boiler remains for four or five hours, uncovering it from time
to time to take off the scum. The fluid part is removed,
and is suffered to congeal, taking care not to disturb the depasite.
The second process of refining is by sublimation.
This
operation consists in subliming it in a close apparatus, which
in sulphur refineries are boilers placed in brick work, and
furnished with heads. These heads communicate by a pipe
with a vaulted chamber, placed at some distance from the
furnace.
The chamber serves to collect the sulphur. There
is usually a stone slab fixed IjGtwt:en the chamber and the
PI
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head. The chamber is furnished with one or two iron-plate
valves.
There is an opening in the head of each boiler, in
order to renew the sulphur: it is closed very tight by a plate
of iron. There is an opening also in the chamber, to admit
a person, which is closed likewise by an iron plate. The
heads are luted before the process is commenced.
By this process the sulphur is refined; for the pure part
is sublimed, and the foreign substances remain in the pots.
The product thus obtained is the ordinary flowers of sulphur.
If the heat be moderate, the sublimation is more perfect. It
is necessary at the same time that the temperature
of the
chamber should be low, otherwise the sulphur will melt,
which frequently takes place. Coarse particles are separated
from the flour, should they occur, by a sieve.
During the first part of the process, there is formed some
sulphurous acid gas, which is not produced after the vapour
of sulphur forms the atmosphere in the bead. This is known
to exist, by the acid taste of the sulphur, and its black
colour.
Detonation
very frequently
takes place, and sulphurous
In the sublimation
of brimstone,
acid gas is produced.
about ten to eleven per cent. is the usual total loss, of which
The acid may be separatsix or seven per cent. is residue.
ed from the sulphur by washing it in water, and afterwards
drying it. It is then called the washed flowers of sulphur.
(See Trait6 de L’Art
de Fabripuer
Ia Poudrr
ci C’mon, pa
153.) by MM. Bottee and Riffault, for a minute description
of this process.
Sulphur undergoes no change by exposure to the air. It
It breaks in the hand with a crackis insoluble in water.
ling noise. At 17% degrees it begins to evaporate, and when
collected it is called sublimed, or flowers of sulphur.
It
melts at 218 degrees. When melted and poured into water,
it forms the sul~hz~s for taking the impression of coin, &c,
If melted, and cooled slowly, it will crystallize in the form
of needlits. It is soluble in different degrees in alcohol,
ether, and oils. When sulphur is burnt very slowly in the
open air, it unites with oxygen and forms sulphurous acidThis acid is used in bleaching.
When mixed with nitre,
and burnt in leaden chambers, it forms sulphuric acid, or
oil of vitriol, by which process it combines with a larger
quantity of oxygen.
There is another compound called hyposulphurous
acid, all the salts of which are inflammable
and burn with a blue flame.
Sulphur unites with the alkalies, earths, and metals. If the alkaline sulphurets be dissolved

in water, and an acid added, the sulphur will precipitate of
a white colour, known by the name of milk of sulphur. It is
considered by some a hydrate of sulphur.
‘he same preparation is made by subliming sulphur in a vessel containing the vapour of water.
Sulphur unites with chlorine and
iodine, forming chlorides, and iodides.
With hydrogen, it
forms the sulphuretted hydrogen, or hepatic gas, called also
the hydrothionic
and hvdrosulphuric
acid; with carbon, the
sulphuret of carbon; and with nitre and charcoal, in the state
of mixture, it constitutes gunpowder.
The motionless Agnes fatui of Italy, which are seen nightly
on the same spot, are attributed
to the slow combustion of
sulphur, emitted through clefts and apertures in the soil of
that volcanic country;
but the I;ZriZZ-wit/z-the-Wisp,
which
moves in undulations, near the surface of the ground, in
swampy situations, and where the putrefactive
process is
going on, originates in all probability
from decaying vegetable and other matters, and the extrication of phosphorus.
It
is known that the acid of phosphorus is found in plants, and
especially those that grow in marshy places, in turf, and
several species of the white woods.
Jfealing of Brhmtolze.
What is termed the mealing of
sulphur by fire-workers,
is no other than reducing it, if it be
the roll, to powder,
Large mortars and pestles made of
ebony, and other hard wood, and horizontal mills with brass
table
is used by artificers.
wheels are used. The mealing
It is generally made ofelm, with a rim around its edge four
One end is narrow, and furnished with
or five inches high.
a slider that runs in a groove, and forms part of the rim.
After using as much of the powdered
brimstone as is required, copper shovels being employed,
the rest may be
swept out at the slider. This table is also used for the mealing of gunpowder
and saltpetre. The muller is generally
made of ebony. After reducing it to powder, it is then passed through a lawn sieve, furnished with a cover.
As brimstone is frequently adulterated with different substances, it may be of importance to discover the fraud.
We
may remark, that, if it is pure, it will be taken up entirely by chlorine gas, or by using a solution of caustic potassa.
The latter, however, cannot be depended on in all cases. But
the best mode, is that of melting some of it in a ladle; if any
residue remains, after the fumes have ceased, the presence
of foreign substances may be inferred, for pure sulphur will
sublime without leaving any residue.
It is not unfrequently
adulterated with common flour,
There is another mode of

determining
the quality of sulphur,
It should, if pure, be
If any resicompletely soluble in boiling oil of turpentine.
due remain, we may infer the presence of foreign substances, either vegetable, earthy, or metallic.
It is obvious, that if the brimstone is impure, the effect of
Flowers of sulphur,
it in fire-works
will be imperfect.
however, may be almost always depended on. In all artificial fire, in which sulphur forms a part, the j’ame is more
clear, as the sulphur is pure.
Several modes are recommended
for the separation of
sulphur from charcoal, in gunpowder, which may be seen by
reierring to the analysis, or chemical examination
of gunpowder.
Sulphur constitutes one of the ingredients, generally speaking, of incendiary compositions, used for military purposes,
and, in such cases, is usually mixed with pitch, tar, saltpetre7
and sometimes gunpowder.
It is said to be one of the substances, which entered into the composition of the ancient and
celebrated Greek fire; but the principal character of which,
that of burning in water, was owing to the presence of camphor. This substance, associated with sulphur, pitch, and nitre, forms one of the most effective incendiaries
of all military fire-works.
For such purposes, it is hardly necessary to
add, that the common roll brimstone is sufficiently pure.
As to the mode of preparing
these works, the custom is
to melt the resinous substances first, then to add the sulpbur,
and finally the saltpetre; and after the whole are melted and
* thoroughly
mixed, to remove the pot from the fire, and add
If a carcass is to be made, tow
gradually the gunpowder.
or hemp, or untwisted rope,is immersed in the composition
while hot, and taken out and formed into a ball of the size
required.
Kope, treated in the same manner, with the same
composition, will make a more active tourteaus than the
common kind. (See Carcass and Tourteaux.)
All oils, whether expressed or essential, can dissolve sulphur.
To make this solution, the oil must be poured on the
sulphur, and sufficient heat applied to melt the substance.
While the oil dissolves the sulphur, it acquires a reddish or
brown colour, an acrid, disagreeable taste, and a strong fetid
smell, somewhat hepatic, resembling that of oil with sulphuric acid.
Sec. V.

Of

Phosphorus.

We mention this substance, because it is used in some experiments, although not in extensive fire-works.
It is a verv

SEC.

V.-j

Phosphosus.

inflammable substance, inflaming either by friction, or an increase of temperature.
It produces a most brilliant fire, and
when mixed with some substances, exhiljits very pleasing phenomena. It usually comes to us in sticks, which must be constantly kept in-water to prevent its inflammation.
Phosphoric
matches, phosphoric fire-bottles, &c. are made of it. These
are made in various ways. Phosphorus and sulphur melted
together in a small phial, forms the fire-bottle, or some add
a portion of lime.
A sulphur-match
dipped in this mixture
They do not last
and gently rubbed, immediately inflames.
any time, in consequence of the acidification of the phosphoP”US.
Phosphoric tapers are usually made with a glass tube,
on the breaking of which, it inflames,
When rubbed upon a
wall in a dark room, it appears very luminous.
Dissolved in
ether, and poured upon boiling water in the dark, the vapour
as it ascends appears remarkably luminous, and has a pleasing effect. Dissolved in oil, as olive-oil, it forms the phosphorized oil, which may be rubbed on the face and hands
without injury.
This oil has the same appearance in the
dark.
The time of night may be known by the light it produces. When mixed with nitrate of silver, sulphuret of antimony, sulphur, chlorate of potassa, &CC. and struck with a
hammer, it produces an explosion more or less loud. A variety of explosive compounds may be made with it, but they
must be used with great care.
When combined with hydrogen, it inflames spontaneously
when brought in contact with atmospheric air. It inflames
also in chlorine gas. It is supposed to be the cause of the
The formation of phosAgnes fatui, or l&W-with-the-Wisp.
phoretted hydrogen gas may be shown in a variety of ways,
as the following: throw some pieces of phosphuret of lime into water, and bubbles of gas will rise, which will take fire on
coming to the air; or, put into a flask some phosphorus, iron
or zinc filings, water, and sulphuric acid, and the gas will
be generated; or, introduce into a small retort, a solution of
potassa, and a piece or two of phosphorus, and apply heat,
immersing the beak of the retort in a basin of water, the gas
will pass over, and inflame as it comes to the surface of the
water.
In al! these experiments, the water is decomposed;
its oxygen goes to a part of the phosphorus
in the first esperiment, and the hydrogen of the water then unites with
another portion of phosphorus, which is then evolved; in the
second experiment, the oxygen oxidizes the metal, and the
hydrogen dissolves a part of the phosphorus; and in the third
experiment, the phosphorus unites with the potassa, forming

a phosphuret, which decomposes the water, the hydrogen of
which passes off in combination with some of the phosphorus, forming the phosphuretted hydrogen gas.
The cause of the spontaneous combustion is, that the OXYgen of the atmosphere unites with the hydrogen and the
phosphorus, and forms water and phosphoric acid; the latter producing a beautiful corona as it rises in the air. The
heat and light given out proceeds as well from the oxygen
gas, as from the phosphurettcd
hydrogen gas. When saturated with oxygen, it is no longer-inflammable.
There are some other experiments which can be made with
this singular substance.
It was formerly obtained from urine, as that fluid contains
some phosphoric salts. It is now prepared from bones. These
are burnt to an ash, and diluted sulphuric acid is poured on
it; the phosphoric acid it contains is then disengaged, and remains in the fluid.
The sulphate of lime is then separated,
the fluid boiled to dryness, and the dry mass is mixed with
charcoal, and distilled in the open fire.
The phosphoric pencil, for writing
on a wall, paper, 8~.
to be luminous in the dark, is nothing more than a bit of
phosphorus put into a quill.
It must be kept in water, and
when used, frequently dipped in water, to prevent its taking
fire.
The phosphoric stone of RI. Bucholz, described in the Al-chives des De’ccuvertes,
ii, p. 109, is a phosphuret of magnesia, prepared by melting thirty grains of phosphorus in :I
small flask, and adding twenty or thirty grains of calcined
magnesia.
Although this process is given by Bucholz, yet,
as it is difficult to prevent the inflammation
of the phosphorus, the best mode would be to bring the vapour of phosphorus in contact with magnesia, in the same manner as in preparing phosphuret of lime.
The pyrophorus of Wurzer is nothing than a phosphuret
of lime.
It is prepared by taking two parts of pulverized
quicklime, and one part of phosphorus; introducing them into a bottle, and covering it with three parts of quicklime,
leaving one-third of the bottle empty; then putting the bottle into a crucible surrounded with sand, previously stopping
the mouth with clay, and applying heat. Remove the phial
when the phosp’horus appears to sublime of a red colour.
When the bottle is opened it becomes luminous, and brought
out it inflames.
Phosphorus in the state of acidification,
and united with
Whole mountains in the prolime, is found in abundance.
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Charcoal.

vince of Estremadura
in Spain, are said to be composed of
this combination.
According
to Mr. Bowles, this stone is
whitish and tasteless, and affords a blue flame without smell
when thrown upon burning coals, Mr. Proust observes, that
it is a dense stone, not hard enough to strike fire with steel,
and is found in strata, which always lie horizontally
upon
quartz, and which are intersected with veins of quartz.
He
adds, that it does not decrepitate on burning coals, but burns
with a beautiful green light. This stone is the common phosphorite.
It contains, according to Klaproth, 32.f~5 per cent.
of phosphoric acid.
Several substances are known under the name of phosphorus, although they do not contain it, such as Baldwin’s phosphorus, or ignited muriate of lime, Canton’s phosphorus, or
oyster-shells calcined with lime, and Bologna phosphorus, or
calcined sulphate of bary tes.
Sec. VI.

Of Churconl.

Charcoal performs
an important part in all the various
kinds of fire-works.
The facility with which it decomposes
nitric acid, when it is combined with salifiable bases, as with
potassa in saltpetre, and its action in all cases wherein nitre
is concerned, are sufficient examples of its ef&ct.
Pure carbon is the diamond.
It affords by combustion in
oxygen gas, the same gas as common charcoal, when charcoal is burnt in oxygen, or in atmospheric air. This gas is
carbonic acid, or fixed air. Charcoal has been considered a
long time an oxide of carbon? and according to some, as Berthollet, a compound of carbon, hydrogen, and oxygen.
Charcoal is insoluble in water.
It is not affected by the
most violent heat, if confined in close vessels. It is an excellent conductor of electricity, but a bad conductor of heat. It
is very indestructible;
and, therefore, when wood is charred,
it will remain a long time under ground without rotting. As
an antiseptic, it is powerful,
It will therefore prevent the putrefaction of bodies, and even recover tainted meat. As a
preservative
of water, for sea-voyages,
it has been long
known. The qharring of water casks is designed for the same
purpose. The quality of wine is said to be improved by having the casks previously charred.
It possesses the property
of absorbing gases, and to this property-is
ascribed its use
as an antiseptic, and its disinfecting quality. To the distiller
it is useful, as it destroys effectually the burnt or empyre’uWhen heated to eight hundred dematic smell of liquor.
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grees in the open air, it burns. In oxygen gas the combustion
is brilliant, forming in both instances carbonic acid gas, called also aerial acid, fixed air, mephitic air, and calcareous
:tcid. This acid is formed in a variety of processes, and is
carbon saturated with oxygen.
Carbon exists in various states of combination, and many
of the compounds into which it enters arz inflammable; hence
carbonic acid is generated in the combustion of coal, oils,
csit, &C.
In the form of an acid, it is abundant in various
stones, such as the calcareous carbonates, as chalk, marble,
limestone, and calcareous spar, barolite, Ssc, all which efferWhen
vesce with acids, the carbonic acid being liberated.
rimestone is burnt, to obtain quicklime, the carbonic acid is
disengaged, for the presence of this acid distinguishes limestone from pure lime. Carbonic acid is generated in various
processes of nature as well as art. Hence it is produced in
the respiration of animals, and is found in a gaseous state in
wells, cellars, caverns, &c. It neither supports animal life,
nor combustion.
In mines it is called choke damp; and the
Crotto de1 Cani, in the kingdom of Naples, has been long
celebrated, on account of it. This cave is in the side of a
mountain, near the lake Agnano, measuring not more than
eighteen feet from its entrance to the inner extremity; where
if a dog or other animal that holds down its head be thrust,
it is killed by the gas. Some experiments were made in this
cave with gunpowder,
which see. Carbonic acid, during the
formation of alcohol, in the vinous fermentation,
is generated, and its production appears to be designed by nature to
carry off the excess of carbon, which gives rise to that phenomenon called fermentation.
When combined with water, it
forms aerated water, and with alkalies and water, the aerated
alkaline waters. Its union with bases forms salts called carbonates. Plants have the property of decomposing
it, and in
this respect nature has employed a mean of regenerating the
atmosphere, on the purity of which depends, in an eminent
degree, the very existence of animal life. The prime equivalent of carbonic acid is 2.75, and carbonic acid is composed
of’ carbon 0.75 + 2.0 oxygen.
Carbonic acid may be decomposed when combined with a
base, as lime, by phosphorus and heat, for charcbal and a phosphate of lime will be produced. But carbonic acid in the state
of gas may be decomposed by potassium. Five grains of potassium will decompose three cubic inches of gas, and bc
converted into potassa, producing at the same time threeeighths of a grain of charcoal.
If passed over a coil of fine
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iron wire heated to redness, in a porcelain tube, and the operation repeated, the iron will be oxidized, and the carbonic
acid changed into carbonic oxide gas.
Charcoal will not burn in dry chlorine.
It unites with a
less proportion
of oxygen, anti forms carbonic oxide gas,
which burns with a deep blue flame.
This combination
is
formed by distilling in a red heat, a mixture of equal parts
of iron filings and chalk. This gas mixed with chlorine gas,
and exposed to the sun’s rays, will unite with it, and form
chlorocarbonic
acid gas. Carbon unites with azote, and
forms cyanogen, the base of Prussic acid. It unites likewise
with hydrogen in two proportions, forming the hydroguret
and the bihydroguret
of carbon, both of which are carburetted
hydrogen gases. The former is obtained by distilling a mixture of four parts of sulphuric acid, and one of alcohol. The
gas is very inflammable, and burns with great splendour; and
on that account may be used for exhibition, in an al;p;l~~;tus
similar to that of Cartwright.
(See Fire works with h@a’;‘r,mnble air.) It was called by the German chemists olefiant gas.
The other species, called also the light carburetted hydrogen
gas, may be obtained by agitating the mud at the bottom of
stagnant pools; and by the distillation of moist charcoal, wood,
pitcoal, pitch, or almost any animal or vegetable substance.
‘The gas, used for gas-lights,
is the same. It is usually obtained from pit coal. We may merely observe, that the gas
used for that purpose, i. e. for illuminating
streets, theatres,
manufactures, &c, as obtained in the common method, is not
altogether the bihydroguret
of carbon; but, according ta the
experiments of Dr. Henry, a mixture of that gas with the
hydroguret, and occasionally carbonic oxide.
Carbon enters into other combinations.
It exists as a component part of gums, resins, sugar-starch, and other vegetable products, as the vegetable acids. Its union with iron forms
steel, a substance greatly used in the preparaticn of some fireworks, especially in some of the rains and stars, and in the
composition of brilliant$re.
(See Iron.)
As charcoal enters into the composition of gunpowder,
and the effective force of powder depends considerably on
the quality, as well as the proportion
of charcoal, it is &vious tor this purpose, it shoui\rt be as pure a!; possible.
Carbon is always obtained from some of its combinations,
as from pitch, tar, rosin, wood, and oil. Various processes
Thus, by the combuscir,n of
are employed for this purpose.
rosin and oil, as well as pitch, tar, turpentine, &c. a soot is
N

formed that collects, called lampblack, which is nothing more
When
pit-coal
is charred in an
than the carbon or charcoal.
oven, called a coke oven, all the bitumen
and sulphur contained in it are disengaged, and a cllarcoal remains, called,
however, code. Wood, when charred is decomposed; all the
volatile parts are disengaged with carburetted
hydrogen gas,
and the woody fibre is converted
into coal. This coal is more
or less dense according to the compactness of the wood.
Nard woods furnish the most solid coal, and light woods on
the contrary.
When the solid parts of animals, as bone, are charred, the
volatile products, principally ammonia or volatile alkali, are
dissipated, and there remains a substance called bone-black,
improperly called, ivory bkuck.
The carbonization of wood in the common way is well
known: after it is cut to the lengths required, it is piled on
the ground in a pyramidal form, and covered with sod and
clay, leaving a place for the current of air, and the smoke.
The wood is then set on fire, aad when the whole is burnt to
a coal, the vents, &c. arr: closed with sod and clay.
Nicholson (Chemical I)icrio?lary)
observes, that in the fonew- Rochelle,
great attention
is paid to the
rest of &non,
manuf;:cture, so that the charcoal made there fetches twentyfive or thirty per cent. more than any other.
The wood is
that of the black oak. It is taken from ten to fifteen years old,
the trunk as well as the branches, cut into billets about four
feet long, and not split. The largest pieces, however, seldom
The end that rests
exceed six or seven inches in diameter.
on the ground is cut a little sloping, so as to touch it merely
with an edge, and they are piled nearly upright, but never in
more than one story. The wood is covered all over about four
inches thick with dry grass or fern, before it is enclosed in
the usual manner with clay; and when the wood is charred,
half a barrel of water is thrown over the pile, and earth to
the thickness of five or six inches is thrown on, after which
it is left four-and-twenty
hours to cool. The wood is always
used in the )-ear in which it is cut.
Turf or peat has been charred lately
in France, it is said,
by a peculiar process, and, according to the account given in
Sonnini’s Journal, is superior to wood for this purpose.
Charcoal of turf k’in dl es slower than that of wood, but emits
more flame, and burns longer.
It boiled a given quantity of
water four times, while an equal weight of wood charcoal
boiled the same quantity but once. In a goldsmith’s furnace,
it fused eleven ounces of gold in eight minutes, while wood
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charcoal required sixteen. The malleability of the gold, too,
was preserved in the former instance, but not in the latter.
Iron heated red-hot by it, in a forge, was rendered
more
malleable.
In charring wood it has been conjectured, that a portion of
it is sometimes converted into a pyrophorus, and that the explosions that happen in powder-mills
are sometimes owing to
this.
Bartholdi supposes, that such explosions are owing to the
formation of phosphoretted
hydrogen gas, while others attribute them to the absorption of oxygen, by the hydrogen
contained in the coal, and the consequent evolution of free
caloric. Percussion, which necessarily takes place in mixing
the materials of gunpowder by stampers, no doubt accelerates
the combustion. The addition of water, and having the charcoal previously pulverized,
wi!l prevent
such accidents. (See
Gunpowder.)
Coal prepared in the manner above stated, is liable to many
foreign admixtures, nor can the process be so well regulated
as to produce coal of a uniform quality throughout.
The
present imprcved
process has many advantages, as experience has proved.
It consists in charring the wood in confined vessels, made of iron. These are usually cylindrical, furnished with an iron cover, and placed in furnaces.
The pyroa’cetic, formerly
called the pvroligneous,
acid, which is
formed in the destructive distillation of wood, is caught for
use. This acid is useful to the calico printer, dyer, &c. in
making their iron liquor, and when purified, is employed in
Europe in the place of vinegar, as it is more pungent, and
highly concentrated.
When pine and various kinds of wood, which yield turpentine,
are carbonized, we obtain tar during the process.
Chaptal informs us, that tar is obtained from the wood of
the trunk, branches, and roots of the pine, which are heaped
together, covered with turf, and set on fire to produce a close
combustion, in the same manner as for making charcoal. The
oily parts which are disengaged, trickle down, and are received in a gutter, which serves to convey them to a tub.
The most fluid part is sold under the name of huile de cade;
and the thicker part is the tar used for paying or painting
the parts of shipping and other vessels.
According
to the wood submitted to the process of charring, the products are, more or less, various; but in all cases
it is only the solid part, or ligneous fibre, that furnishes the
coal. By the ordinary process we obtain sundry volatile

products, among which are pyroacetic acid and carburetted
hydrogen 62s.
E‘hen wood is carbonized in the usual manner, it yields
from 16 to 17 parts of charcoal in the hundred; but when
the operation is conducted in c1Qs.evessels, the product is
By this
28 yer cent. a saving
of eleven ur twelve per cent.
di%rence in the quantity, it appears that eleven or twelve
per cent. is burnt in the common process.
lair,. 3iollerat was the first who tried the experiment with
iron cylinders.
&‘I. Vauquelin (Annalees de Chimie,
tome lxvi, p. 174) has
given some observations on the carbonization
of wood in
~10s~
vessels, predicated on a Memoir of M. Mollerat;
both
of which are interesting.
The apparatus used by M. Mollcrat is tit scribed by Thenard, (Trait& de Chimie, iii, p. 373,)
to be composed of two parts, viz: a furnace with a moveable
dome, and a cylindrical
kettle, or vessel of iron sufficiently
large to contain a cord of wood. It is furnished with a cover
and pipe. The pyroacetic acid is collected.
Smaller cylinders are preferred, because tI:z: ~oocl is ignited more readily
and the charcoal is morn of a uniform quality.
From 100 p;!;tS of th c following
named woods, BIessrs.
Alien and Pepi‘s (i’M.
.T’Tans. 1807) obtained
the following proportional
parts of charcoal:
Beech - - 3Iahogany
- Lignum Vitae

-

15.00
15.75
17.25

Oak
Fir

-

-

- = -

Box

-

-

-

-

17.40
18.17
20.25

See also the experiments of IUr. Mushet, in the third
volume of Tilloch’s tigazinc.
It appears by the Annale.~ de Chimie, vol. 66, and the
Retrospect
ofLIiscove:-ies,
vol. vi, p. 100, that three brothers
have established at Pellerey, near Nuits, Cote d’Or, a manufactory on a large scale, for making charcoal i11 close vessels.
The quantity of charcoal they obtained is double that by
the usual mcde, while it requires only one-eighth part of
wood to be consumed in the distillation;
it is also better than
the common, as a given quantity evaporates one-tenth more
water than the other; hence iron mastrrs may obtain twice
as much iron from the use of a given quantity of wood; ancl
in addition to this, there is also prepared a number of other
articles, of each of which in order.
3.50 kilogrammes
(700 lbs.) of wood, yield 29 or 30 of
tar, which retains so much acid that it is soluble in water;
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but when it is washed, and rendered thick by boiling, for some
time, it offers more resistance to water. If mixed with onefifth of rosin it is rendered equally fit for the use of ships, &c.
as the common tar.
Four sorts of vinegar are prepared, all of which are perfectly limpid, which do not, like the common, contain any
tartar, malic acid, resinous or extractive matter, nor indeed
any mineral acid, lime, copper, or other substances.
The
simple vinegar marks-z0
hydrometer
for salts, at lQ” centigrade thermo. it is stronger tasted than common vinegar,
and produces a disagreeable irritation.
‘I’he aromatic vinegar is prepared with tarragon, the smell is agreeable, but
it has the same fault as the former.
The vinous vinegar is
formed bv adding some alcohol to simple vinegar; it has a
very sensible odour of acetic ether; the alcohol softens the
flavour in some degree, but the vinegar is still very sharp.
The acid, called strong vinegar, is in fact a very good acetic
acid at lQAo hvdr., it is very white, clear, and sharp., without the usual burnt flavour, and seems to form the basis of
the preceding kinds. It can he sold for 8 or 9 francs (7s.)
per lb. which is only half the price of tha.t distilied from
verdigris.
Although
not so agreeable to the taste as common vinegar, these new kinds are more elegant to the eye,
and do not mother.
The editor of the Retrospect makes the following observations:
The proprietors of this manufactory
seem to be perfectly
aware of all the several productions which could be prepared
from the refuse of their principal object; and we bsve no
doubt ‘but that the substances they procure in this manner
will amply compensate them for the use of the capital that
must be invested in building the furnaces.
The nature of the vessels in which they distil the wood is
not mentioned, but tbey are probably cast iron retorts, or
vessels of a similar nature, in which a distillation
per Zcrtus
takes place. The application, therefore, of lord Dundonald’s
furnaces for procuring
coke to this purpose would be still
more advantageous.
A cubic -yard of wood yields 100 quarts of acid liquor,
besides 50 or 60 lbs. of thick oil.
The method of making charcoal of a unzfumz yuality, for
which a Mr. Kurtz has taken out a patent, is the following:
A sheet-iron chest, which has a cover that fits it tight, and
a pipe, or tube, that descends nearly to the bottom, and comIn this
ing out from its side above, is fixed in brick work.
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the billets of wood are put. Fire is then made underneath.
It is obvious, that the wood is kept at one temperature from
its being immersed in vapour, as- the vapour cannot escape
at the top, but must descend to the bottom, and then proceed
up the pipe, by which it is conveyed away. The effect is,
that the charring process goes on regularly, and the wood is
charred equally.
The carbonization
is finished when the
vapour ceases to appear, and nothing but carburetted hydrogen gas escapes. The charring of bones is performed in iron
cylinders, furnished with tubes to receive, and convey away,
the impure ammonia.
In the manufacture
of powder, particular kinds of wood
are selected for carbonization.
These are generally, willow,
hazle, maple, poplar, linden, buckthorn, or alder, or those
which are tender and light, because, as they are less dense,
and consequently more friable, they enflame and consume
more rapidly: they are known. in the arts by the name of
white wood.
When a less sudden effect is to be produced
with the gunpowder,
and the combustion prolonged,
as in
some sky-rockets, the charcoal of hard wood is to be preferred, such as the oak, beech, &c. When the wood is gathered, the bark is removed, and the wood exposed to the
sun to dry: it is then cut into billets, and charred.
The
ashes, if any be formed, are to be carefully separated.
In considering the use of charcoal, therefore, for the prewe are to direct our inquiries to the
paration of gunpowder,
choice of wood for carbonization,
and the best process for
carbonizing
it. All laght woods, we remarked, as the linden,
willow, poplar, &c. furnish the lightest coal, and on that account are preferred.
It is remarked, that tender wood, besides making a li,ght, friable, and porous coal, is more combustible than ordmarj. hard, and more compact wood, and
the coal that it furnishes leaves less residue after combustion.
Many experiments have been made with coal prepared
from different kinds of wocd, with a view of ascertaining the
kind best adapted for the manufacture of gunpowder.
M.
Retort, at the powder mills of Essonne, in France, instituted
a number of experiments of this kind. He made gunpowder
with the coal of several kinds of wood, and compared its
effects by a mort;:r eprouvette.
The result was, that the
powder made with the coal of poplar, was the strongest; and
the other powder, made with the coal of the linden, wiliow,
&c. was of the same quality throughout.
As to the second
inquiry,
it is hardly necessary to repeat, that for the comFlete and thorough carbonization of the wood, to produce at

the same time coal of a uniform quality, the process of charring in iron cylinders or close vessels, is to be preferred.
The point to be attended to is, to bring the wood to a complete state of ignition, and consequently to disengage all the
volatile or fluid parts. When the gas (carburetted
hydrogen)
ceases to appear,.it is a criterion that the operation is finished.
This gas, it is to be recollected, will come over even after
the whole of the wood is complett:ly ignited. The first volatile product is the pyroacetic acid. Some saturate the acid
liquor with chalk, and decompose the acetate of lime with
sulphate of soda, and separate the acetic acid from the acetate of soda by distillation with sulphuric acid. The acetic
acid is then tolerably pure, and may be diluted for use.
It is observed, however, that when charcoal, prepared in
iron cylinders, is dcsignetl for gunpowder,
the last portion
of vinegar and tar must be allowed to escape, and the reabsorption of the crude vapours prevented,
by cutting off the
communication
bet.ween the intericr of the cylinders and the
apparatus for condensing the pyroacetic acid, whenever the
fire is withdrawn
from the furnace.
If this precaution be
not taken, the gunpowder made with the charcoal would be
of inferior qua1 ty.
On a large scale:, when the object is also to prepare the
vinegar of wood, a series of cast-iron cylinders, about four
feet diameter, and six feet long, are built horizontally,
in
brick-work,
so that the flame of one furnace may play round
about two cylinders.
Both ends project a lit& from the
brick-work.
One of them has a disc of cast iron well fitted
and firmly bolted to it, from the centre of which disc an iron
tube about six inches diameter proceeds, and enters at a right
l‘he diameter of
angle, the main tube of the refrigeration.
this tube may be from 3 to 14 inches, according to the number of cylinders.
The other end of the cylinder is tailed
the mouth of the retort.
This is closed by a disc of iron,
smeared round the edge, with clay lute, and secured in its
place by wedges. The charge of wood for such a cylinder
is ahout 8 cwt. The hard woods, oak, ash, birch, and beech,
are alone used. Fir does not answer.
The heat is kept up
during the day-time, and the furnace is allowed to cc01 during
the night.
Next morning the door is opened, the coal removed, and a new charge of wood is introduced.
The average product of crude vinegar is 35 gallons, Its total weight
is about 400 lbs. But the residuary charcoal, according to
Ure,
(Chemical
,?.k-tzonary),
from whom we have taken this
account, is found to weigh no more than one-fifth of the wood
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employed.
‘The crude pyroacetic acid is rectified by a
second distillation,
in a copper still, in the body of which
about 20 gallons of viscid tarry matter are left for every 100.
Its acid powers are now superior to the best household
vinegar in the proportion of 3 to f~, Ure observes, that by
distillation,
saturation
with quicklime,
evaporation
of the
liquid acetate to dryness, and gentle torrefdction, the empyreumatic matter is so completely dissipated, that on dccomposing the calcareous salt by sulphuric acid, a pure, perlectly
colourless,and grateful vinegar rises in distillation, Pyroacetic
acid is said to be a powerful antiseptic. M. Monge, Dr. Jorg,
and more lately, Mr. Ramsay, of Glasgow, have made experiments with it. Fish dipped in it have been preserved for
many days, and meat treated in the same manner, has also
been preserved from putrefaction.
With respect to the pulverization
of charcoal, the operation
is so exceedingly simple, that we deem it unnecessary to notice it. It is obvious, that mortars, mills,&c. may be used, with
fine or coarse sieves. For fire-works,charcoal
is frequently pulverized in. a leather sack, in the same manner as grained powder is reduced to meal-powder.
It may be made either coarse
or fine, to answer different purposes, by employing sieves of
Charcoal may be separated from nitre and
diRerent kinds.
sulphur, in gunpowder,
by a simple process, which may be
seen by referring to the section on gunpowder.
‘The quantity of carbon in coal, is directly proportionate
to the quantity required for the decomposition
of nitrate oi
potassa, a fact necessary to be considered in the theory of the
action of charcoal in gunpowder,
Thus, Mr. Kirwan found
that, 12.709 of carbon are necessary to decompose 100 of
nitrate of potassa. It will. be easy to deduce the quantity of
carbon, in a given weight of coal, from the quantity of nitrate
The experiment is
of potassa it is capable of decomposing.
made very readily by fusing in a crucible, five hundred or
more grains of nitre, and when red-hot projecting by degrees
the powdered coal on the nitre.
When the detonation produced by one projection of coal has ceased, add a new portion
till it produces no farther effect.
Charcoal may be made intensely black, resembling ivory
black, according to IM. Denys-de-blontfort,
(Uibliotl~r’~~e
physico-econo??~iqzte, for l&l’arch 1815,) by pulverizing
it very
fine, mixing it with wine lees, and drying the mixture, and
then subjecting it to a strong heat in a covered crucibie, or
ether vessel.

E.aving remarked, that the quality of gunpowder depends
upon 113; Purim.y ok the materials, of which it is formed, and
that they ~holtlci bc prepared in a state of purity; the sullject
tha, vdill i~ow particularly
claim our attention, is the proportions of the ingredients, their mixture, and the linal preparation of gunpo&der for use. To this, we purpose to add, the
theor;\i of its explosive effects, the digerent modes of proving it, and the experiments necessary to determine the quality
of its respective ingredients, on all which we will be as brief
as the importance of the subjects will admit.
Previously,
however, it may be interesting to notice the history of gunpowcler, the invention of which has so completely changed
the art of war.
The history of gunpowder
has been fully treated by
many writers of eminence; but by none more largely, and, at
the same time, more satisfactorily than by the French. &CLman, in his History of Inventions,
is full on this subject.
Our purpose is not to go into details, as it would enlarge
our volume, to the exclusion, perhaps, of other and more
important matter.
We shall, therefore, confine ourselves to
a few facts and observations.
Notwithstanding
much has been written on the subject,
the original invention of gunpowder
seems to be in obscurity.
By whom, and at what time it was invented,
is a question
not fully settled.
It is said to have been known in the east
from time immemorial,
and whatever
claim Ieoger Bacon,
who died in 1392, may have had to the discovery, or that he
knew the properties of gunpowder, it is certain, that the use
of fire-arms was then unknown in Europe.
Professor Beckman, who examined all the authors extant
on the origin of gunpowder, is of opinion, that it was invented in India, and brought by the Saracens from Africa to the
Europeans, who improved the preparation of it, and employed it in war, as well as for small arms and cannon.
JM. Langles, who read a memoir on this subject to the
National Institute, in 1798, observes, that the Arabians obtained a knowledge of gunpowder from the Indians, who had
been acquainted with it from the earliest periods.
The use
of it was forbidden
in their sacred books, the veidam
or vede.
It was employed
in 690 at the battle near
Mecca.
As nitre was employed in all probability
in the
.O

Greek fire, invented about the year 678, it is supposed! that
that composition gave rise to the invention of gunpvdrr.
Various prescriptions,
or formuhc, have been given far
the preparation of this fire. The 0Idest is hy princess Anna
Commena, in which, however, there is only resin, sdphur,
and oil. B ec k man observes, that the first certain mention
of saltpetre will be found in the oldest account of the preparation of gunpowder, which, in his opinion,, became known
in the thirteenth century, about the samr time that the use
of the Greek fire, of which there were many kinds, began to
be lost. The oldest inf<‘:?rmation on this subject is to be
found in the works of Albertus NJagnus, :tnd the writings of
Roger Bacon.
The true recipe for making the Greek fire,
and the oldest for gunpowder,
were found in a manuscript,
preserved in the electoral library at Munich. Various copies
Bacon employed this writof this manuscript were made.
ing, which was ment’mned by Jebb, in the pref;lce to his
edition, from a copy preserved in the library of Dr. Mead.
Whether the writer was RIarcus ‘;;~XKXIS, is of no moment;
for Cardan observes, that the ,fire that can -be Kindled by
by water, was prepared by
water, or rather not extinguis!red
Marcus Gracchus.
The former &Iarcus, mentions two kinds of fire-works; and
the compositiou, which he prescribes for both, is two pounds
of charcoal, one pound of sulphur, and six pounds of saltpctre, well powdered
and mixed together in :I stone mortar.
Friar Bacon, who lived three centuries after Grzcus, was
It was concealed, however,
in possession of the recipe.
from the people, veiled in mystery.
In his treatise De Secretis Operibus
Ads
et A&All-~, UC. the secret of the composition is thus expressed: “ sed tamen salispetrze, LURU
3roPE CAN URBE et sulphuris; et sic facies tonitrum et corruscationem, si scias artificium.”
Luru mope cafe urbe, is the
anagram for ccw60;~unz pulvtre.
Bacon supposes, that it was
with a similar composition that Gideon defeat4 the Midianites, tvith only three hundred men. Besides the use of gunpowder in the 9th century, in the war between the Tunisians and the Moors, in which the former are said to have
employtd “. certairr tubes or barrels, wherewith
they threw
thunderbolts
of fire,” the Venetians employed it against the
Genoese, and it was reprobated
as a manifest contravention
of fair warfare.
Peter IMexia, in his “ Various Readings,”
relates, that the
R’Ioors, being besieged, in 1349, by Alphonso the eleventh,
king of Castille, discharged a kind of iron mortars upon them,

which made a noise like thunder.
‘This, with the sea-combat between the Tunisians and the i%‘Ioor:‘1, stated on the authority of don Pedro, bishop of Eeon, places the invention
much earlier than by some writers.
Folydore Virgil ascribes the invention of gunpowder
to
a chemist, w’no, having put some of his composition in a
mortar, and covered it with a stone, was blown up, in consequence of its accidentally
taking fire. The person here
alluded to, according to Thevet,
was a monk of Friburg,
named Constantine Anelzen.
Others, as Relleforet,
with
more probability, hold it to be Bartholodus
Schwartz, or the
bL;ck, who discovered it, as some say, about the year l3%,
Du Cclnge, however, remarks, that there is no mention made
of gunpowder in the registers of the chamber of accounts in
France, as early as the year 133~. Roger Bacon knew of
gunpowder, near one hundred years before Schwartz was
born. (See the invention of cannon, in nzilitm-y . .fire-works,
fourth part.)
It is certain, that Albert de Bollstxdt
indicated
the constituent parts of gunpowder,
when he says, in his fifi~ctbilis
i!khlc/i, LLIgnis Lrolans, accipe libram unam, sulphuris, libras
duas, carbonas salicis, libras sex, salis petrosi, quz tria subtilissime terantur in lapide marmorea; postea aliquid posterius ad libitum in tunica de papyro volante, vel tonitrum faciente ponatur.
“ Tunica ad volandum
debet esse l~lga, gracilis, pulvere
illo optime plena, ad faciendum
vero tonitrum brevis, grossa et semiplena.”
Gunpowder was of a much weaker composition than that
now in use, or that described by Marcus Graecus. r~‘artal gia, (ques nzzd hjv. lib, 3, ques. 5), observes, that, of twenty three different compositions, used at different times, the first,
which was the oldest, contained equal parts of the three
ingredients.
When guns of modern construction came into
use, gunpowder of the present strength was introduced.
l’he strength of powder depends upon the proportions of
the ingredients, they being pure; and Mr. Napier observes,
( Tr-am. Royal Irish Academy,
2.) that the greatest strength
is produced, when the proportions are, nitre, three pounds,
charcoal, nine ounces, and sulphur, three ounces. The cannon powder was in meal, and the musket powder in grain.
In the time of Tartalgia, the cannon powder was made of
four parts of nitre, one of sulphur, and one of charcoal; and
the musket powder of forty-eight
parts of nitre, seven parts

.
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of sulphur, and eight parts of charcoal; or of ei.ghteen parts
of nitre, two parts of sulphur, and three parts of charcoal.
The intimate mixture, therefore, and the determinate pro,
portions of saltpetre, charcoal, and sulphur, form gunpowder; the different qualities of which, depend, as well upon
the proportions
which are used, as on the purity of the
materials, and the accuracy with which they are mixed.
Gunpowder is reckoned to explode at about 600~ Fahr;
but, if heated to a degree just below that of faint redness,
the sulphur wiil mostly burn off, leaving the nitre and charcoal ilnaltered.
The salpetre should be perfectly refined, and entirely free
from dtiiquescent salts; the sulphur as pure as possible, and,
for that reason, a preference should be given, to that which
is sublimed, or distilled; and the charcoal should be prepared
in iron cylinders, as decribed under th3t head, from woods,
which are light and tender, as the linden, willow, hazle, dogwood, etc.
There is a considerable diB’~r*~:t?ccin the proportions used
by difff>rent nations; but, frti:ln the many accurate and conclusive experiments 0 f the 2’rC::1ch chemists, their formula is
Certaiflltth P niost
*y
ilct.
In English powder, three-quarters & the c~~~~os~~~oc are nitre, and the other quarter is
made tip of equal parts of charcoal and sulphur; but sometimes, to scvznty-five parts of nitre, fifteen of charcoal is used,
adding ten of sulphur.
Their
government
powder is the
same for cannon, as for small-arms.
According
to a number of experiments, made at Grenille,
it was found, that the proportion
of saltpetre in gunpowder,
must be in a given ratio with the charcoal, so that the latter
might effectually decompose it in the act of combustion; and
hence the ratio is as 12 of the latter to 75 of the former,
and these, with 12 of sulphur, are the proportions generally employed. Ruggeri (Pyrotechie
&Witnit-e,
p. 91,) gives,
as the proporticns,
12 parts of saltpetre of the third boiling,
The proportions,
2 parts of charcoal, and 1 part of sulphur,
used in Sweden, are 75 saltpetre, 9 sulphur, and 16 charcoal;
in Poland, 80 saltpetre, 8 sulphur, and 12 charcoal; in Italy,
76 saltpetre, 12 sulphur, and 12 charcoal; in Russia, 70 saltpetre, 11 sulphur, and 18 l-2 charcoal; in Denmark,
80
salpetre, 10 sulphur, and 10 charcoal; in Holland, 76 saltpetre, 12 sulphur, and 12 charcoal; in Prussia and Austria, 7g
saltpetre, 11 sulphur, and 11 charcoal; and in Spain, 77 saltpetre, 11 l-2 sulphur, and 11 l-2 charcoal.
According to Klaproth and Wolff, (L)Pctzonnail.e & C’t’limie.
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translated
into French by MM. Lagrange
and Vogel),
Berlin powder is composed of three-quarters nitre; one-eighth
sulphur, and one-eighth
charcoal; Chinese powder, of 16
parts nitre, G charcoal, and 4 sulphur; Swedish powder, of
75 parts nitre, IG sulphur, and 9 charcoal; the powder ot’
Lissa, of SO nitre, 12 sulphur, and 8 charcoal; and English
Powder
powder, on the authority of Beckman, as follows:
for war, 100 parts of nitre, 2.~ charcoal, and 25 sulphur;
musket powder,
100 nitre, 18 sulphur, and 20 charcoal;
pistol powder, 100 nitre, 23 sulphur, and 15 charcoal; strong
cannon powder, 100 nitre, 20 sulphur, and 24 charcoal;
strong musket powder, 100 nitre, 15 sulphur, and 18 charcod;
and strong pistol powder, 100 nitre, 10 sulphur, and
18 charcoal.
for war, is composed, geneC-CYrTl:lil powder,
rally, of 0.70 saltpctre, o.tG charcoal, and 0.13 sulphur.
A small portion of gum is sornctimcs added, to make the
grain firmer; but such additions retard the combustion, and
the effect.
+.The
addition of gumarabic, however small, must iyjul*e
the quality of gunpowder,
although it has the effect of making the grain firmer, and less liable to fall into meal powder.
The grain is also made heavier, and less liable to absorb
moisture.
32’. Proust, in his second memoir on gunpowder,
mentions the use o!‘ icthyocolla,
a fish glue, for the same
speaks of some advantages that
purpose; and, nevertheless,
the gunpowder, prepared with it, possesses.
It is observed by Mr. Coleman, of the Royal Powder
Mills of Waltham abbey, that it is not exactly ascertained,
whether there is any one proportion,
which ought always
We have no hesito be adhered to, and for every purpose.
tation in believing, for our own part, that the French formula is the most correct, from the numerous experiments made
at the royal manufactory at Essone, near Paris.
A. very considerable variation
is found in the proportions
of the ingredients of the powder of different nations and different manufactories.
The powder made in England, is the
same for cannon as for small arms, the difference being only
in the size of the grains; but in France, it appears, that there
were formerly six different sorts manufactured;
namely, the
strong and the weak cannon powder, the strong and the weak
musquet powder, and the strong and the weak pistol TOWder. The following
are the proportions
in each, though
the reason of this nicety of distinction is not very obvi..
ous. For the strong cannon powder, the nitre, sirlphur
and charcoal were in the proportions
of 100 of the first, 25

102

&XAP.

11,

of the second,
and 25 of the third: for the weak cannon powder, 100, 20, and *a: for the strong musket powder, 100,
18, and 20; for the weak, 100, 15, and 18: for the strong
pistol powder, 100, 12, an d 15; for the weak, 100, 10, and
18.
The Chinese powder appears, by the analpsis of Mr. Napier, to be nearly in the proportions
of IOO of nitre, 18 of
charcoal, and II of sulphur.
This powder, which was procured from Canton, was large-grained,
not very strong, but
hard, well cobured, and in very good preservation.
The following
proportions
are now used in France, for
the manufacture of gunpowder for war, for hunting, abd for
mining.
For mining.
Fdr war.
For the chase.
65.
Saltpetre,
75. 0
78
1.5.
Charcoal,
12. 5
12
20.
Sulphur,
12. 5
10
After

having. made choice of the materials, the nitre being
, ,
1,
3 1s 1-d
tbrQ%h .a hiss b.ieve: the sulphur is
pulverized
by means of a mulier, or other contrivance, and
also sifted in a !iolter.; the quantities are then weighed, as
well
as the charcn;ll.
The mixing of these substances is performed
in a series
of mortars, hollowed out of astrong piece of oak wood; and
by the aid of pestles or stampers, which are set in motion
by machinery
and water power, the mixture is thoroughly
. The end of the stampers is usuaily covered witi,,
and sometimes made of, brass, and the mortars are also, i!~
some powder mills, lined with brass. The mill has gencrally two rows of mortars
and stampers, of ten each. The
nitre, sulphur, and charcoal, in proper proportions,
arc put
‘The charcoal is first introduced into the
into each mortar.
mortar, being sometime5 previously pulverized;
then wetted
with water, and the pounding is continued for thirty minutes. The nitre and the sulphur are then added, and the
whole is stirred with the hand, lMore water is then added;
it is again stirred, and the operation of pounding is continued.
The object of adding the water is to prevent the so called
volatilization
of the ingredients, and to give the mixture the
consistency of paste, and at the same time to prevent the
which must bc
explosion of the powder; a circumstance,
always gtiarded against.
After the operation is continued
for jlalf an hour, the
pounders are stop, and the powder is Ohen ye-exchanged
by

.
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means of copper or brass ladles; that is to say, the powder
of the first mortar is removed, and put into a box, and the
contents of the second mortar are put into the first, that of
the third is put into the second, that of the fourth into the
third, &c. in succession, and in the last, the contents of the
first mortar.
We make, in this manner, twelve exchanges, allowing one
hour between two, and adding water from time to time, to
the mixture, and especially during the summer months. After this, the pounders are again set in motion, for the space
Fourteen hours
of two hours, and the operation is fiuished.
are generally required to complete the mixture, which is then
in the form of paste. It is then granulated.
After being
partially
d~ier’i, the graining is performed
by passing it
through Sir.ireR, ti;iilich are more generally formed of parchment. These sieves are made to work horizontallv,
and the
powder is caught in vessels placed beneath. The size of the
grain depends on the sieve; hence, fine grain, or coarse grain
powder is thus obtained.
In the sieve is usually placed a
contrivance
to break the masses, and to cause the powder to pass through in grains.
After this, the powder is
again pasted through a second sieve, commonly called a
,p-&ner, the holes of‘ which are of the same diameter as the
powder we wish to obtain.
It is then put into another sieve,
which permits only the dust to pass, whilst the grain-powder remains.
As the powder, however, contains some grains
too large, as well as others too small, we may separate the
former by a fourth sieve, of a suitable size. The dust and
fine grain are carried to the mill, and worked over.
‘The
powder for war, and for mining, is dried immediately
after
the graining.
Formerly,
the powder was dried in the open air, by
spreading it on tables lined with cloth, or in oblong boxes;
but serious inconveniences
resulted from it, and, particularly, the powdermakers
were obliged to watch the tempera=.
ture, as well as the state of the atmosphere. When the latter
was moist, the drying was suspended.
“M. Champy, however, has obviated these inconveniences
by a very advantageous
process, which consists in raising
the temperature
of the air to 50 or 60 degrees, and causing
it to pass from the chamber in which it is heated, through
cloths, on which is spread a bed of powder, of a certain
thickness.
I3y this means, large quantities of powder may
be dried, in all seasons of the year, in a short time, and at
little expense. In whatever manner the drying is performed,
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there is always more or less dust formed, which, to make
the grain of one uniform appearance, must be separated by
a hair sieve. This operation is called the d~sti~z~.
Whether we adopt the plan recommended by M. Champy,
or heat the rooms for the drying of pan der to a certain temperature, by means of steam pipes, a pIan which presents
every advantage, or use the old mode, the effect is the same.
The musket, or hunting pozu2er, undergoes an operation
more than the powder for war, namely, that of glazing,
which is performed before it is dried.
With the esreption
of this process, it is made in the same manner, wing, however, a finer sieve in granulating it. The glazing has for its
object the smoothing, or removing the asperities of the grain,
and to prevent its failing into dust, and soiling the hands.
The powder intended for glazing is first exposed an hour
to the sun on one cloth, in winter, and between two cloths in
summer, in order to dry it more perfectly, which is very nepf’or this purpose,
cessary before the operation of glazing.
it is put into a vessel lixe a barrel, vdl~ich is turned horizontalThis barrel is furnishedwith
ly upon its axis, by machinery.
bars that go across, intended to augment the friction, or
rubbing of the grain, ancl expedite the process.
The barrels
are made to turn slowly, to avoid breaking the grain, and at
the expiration of eight or twelve hours, the glazing is
finished, the powder having acquired a sufficient hardness
and polish. After removing the powder, the dust is separated
in the usual manner.
Gunpowder-mills
are mills, in which powder is prepared,
by pounding and beating together the ingredients
of which
it is composed.
They are always worked by water-power,
and as there are generally many of them belonging to the
same manufactory, one dam of water will furnish a sufIn the construction
of powder-mills,
the
ficient supply.
frame of the house is made very stout, and the roof put on
lightly, so that in case of explosion, it may be carried off
easily, and thus give vent to the powder, without much inThe lights, to enable the work to be
jury to the works.
carried on at night, are placed on the outside of the building, beyond the reach of the powder, and by means of glass
windows,
the light passes into the mill.
It is lamentable,
indeed, that so many accidents occur in the operation of maThis may take place, as it has to our knowking powder.
ledge, by the friction of the pounders. ‘Their weight, the rapid succession of the blows, and the dryness of the powder,
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are the principal causes of such accidents, and sometimes by
the inattention of the workmen, suffering nails, and the like,
to get among the materials. I once witnessed the effect of an
explosion of the kind, in the neighbourhood
of Frankford, in
the vicinity of Philadelphia, at the old and well-known powder mills, at that place. It was produced, in consequence of
the friction, by the neglect of the men not adding water at a
proper time, to keep the materials moist. The mill in which
the explosion took place was not much injured; but the roof,
together with the men, were sent a considerable distance.
Some of the latter fell into the mill-race, and were much injured.
The effect, however,
did not stop here; for the fire
communicated,
strange as it may appear, to some of the
other mills, although at some distance, and blew them up.
Several expli>:,i ens have happened at the same miils.
An experiment, made at the same works, by the then proprietor, the father of the late commodore
Deca:ur, by putting the nitre, charcoal, and sulphur, into a L):w-c~, with iron
balls covered with lead, which was turned upon its axjs, tarminated in the same way. It exploded, but no other Inj\rr5
or accident was sustained.
On examining
the ball:;, we
found, that the lead was entirelv worn off, and the explosion
must have been owing to the iron.
This experiment was
performed, in order to find if the rnisture could be made in
this manner, a plan which was afterwarri~ adopted in France,
with success, but brass balls were usctl. 11: a series of essays, which I wrote for, and published in, the Aurora, in
1808, on the “ Application of Chemistry to the Arts md MLnufuctui-es,”
as manufactures are vitally importn:!t to the
poetical independence of this country, I mentioned the s\:bject of gunpowder, and the different modes of preparing it,
and among which, the various experiments on this subject.
The machinery, required in gunpowder
mills, is exceedingly simple. The power of the water, which may be given
by an overshot, or undershot wheel, is communi;rtted
to the
parts of the mill, which perform the work. Thus it is, that
pounders, like the snuff, or plaster-par-is mill, are put in motion, by a horizontal
shaft, furnished, at different distances,
with pieces of wood, which, by the revolution
of the shaft,
and meeting with the projecting pieces from the pounders,
raises them in succession. They fall, then, in the same order
of succession, in the respective mortars9
The mortars of the powder-mill,
are hollow pieces of wood,
capable of holding twenty pounds of paste, composed of the
substances before mentioned, which are incorporated by. means
P
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of the pestle. There are usually twenty-four
mortars in
each mill, where are made, each day, four hundred and eighty pounds of gunpowder;
care being taken, to sprinkle the
ingredients
with water, from time to time, lest they should
take fire. This precaution
is absolutely necessary, and if
attended to, would prevent many of the explosions, which,
unhappily, take place, in the manufacture of powder.
The
friction must be great, and, therefore, the increase of temperature,
occasioned in this manner, ought to be guarded
against.
This can only be done, by diminishing
the time, or
number of the blows, or by proportioning
the weight of the
pestle, and the frequent addition of ivater.
The last is the
most certain, and indeed, the water is in some respects, necessary to promote a more intimate mixture of the materials.
The observations
of M. David, on the use of water in the
The pestle
manufacture
of powder, are certainly correct.
is a piece of wood, ten feet high, and four and a half inches
broad, armed at the bottom with a round piece of metal. It
weighs about sixty pounds.
Having mentioned one cause of the explosion of powderby the pestle, we find that it
mills, that of friction p-otiuced
has been accounted for on another principle.
The Amales
CJeC’fknir, tome xxxv, mentions some instances of spontaneous combustion in powder mills.
It is well known, that charcoal has the property of absorbing several gases, and the observations of Kouppe and Berthollet,
on this subject,
arc
conclusive.
It is also known, that charcoal, which contains
hydrogen, when exposed t c3 atmospheric air, wili absorb oxygen, and form water; and during this combination, heat must
be generated, kJy the emission of caloric from the oxygen
gas. It is said, then, that in cases of spontaneous combuslion, when nitre, sulphur, and charcoal, are mixed together,
funless water be added to prevent it), this effect will ensue,
and fire be produced.
We know, however, that percussion is
NE source of heat; and in truth, if that opinion be well
founded, percussion itself may facilitate the union of hydrogen, with the oxygen of the air, and necessarily operate
9s a secondary cause of such explosions.
Another opinion has been advanced by Bartholdi,
to account for the spontaneous combustion in powder mills: namely, that charcoal sometinles contains phosphorus, combined
wtth hydrogen, which, by the action of the pestle, is disengaged in the form of gas, and inflames, the moment it comes
in contact with the air. Others again suppose, that it sometitnes contains pyrophorus,

Pulverizing
the charcoal, in the first instance, by itself,
and adding water, during its mixture, from time to time, a
measure
proposed in J808, by M. David, and now generally
adopted, will prevent such accidents; for it appears, they
hate not occured in France, since the adoption of this plan.
Some remarks on spontaneous combustion, may be setn in
the article on artzjcial
volcanoes.
M. Sage, (Jour~l
de physique, vol. lxv, p. 423, or A?cholson~s Journal,
vol. xxiii, p. 277), has written on the
spontaneous ignition of charcoal, and adduced’some
facts on
the subject; by which it appears, that M. de Caussigni was
the first, who observed, that charcoal was capable of being
set on fire, by the pressure of mill stones.
Mr. Robin, commissary of the powder mills of Essonne,
has given an account, ill the Arz~~rles n’e Chi~~ie, of the spontaneous inflammation of charcoal, from the black berry bearing alder, that $wk place the 2tid of iJ!Iay, 1801, in the box
of the bolter, into which it had been sifted.
This charcoal,
made two days before, had been ground in the mill, without
showing any signs of ignition.
The coarse powder, that
remain&
ir. the bolter, experienced no alteration.
The light
undulating
flame, unextinguishable
by water, that appeared
on the surfLice of the sit‘tcd charcoal, was of the nature of
inflammable gas, which is equally unextinguishable.*
The moisture of the atu~osphere, of which fresh made
charcoal is very greedy, appears to have concurred in the
development of the inflammable gas, and the combustion of
the c harcoai.
It has been observed, that charcoal powdered
and laid in
large heaps, heats strongly.
Alder charcoal has been seen to take fire fn the warehouses, in which it has been stored.
About thirty years ag+ M. Sage saw the roof of one of
the low wings of the mint ,set on fire by the spontaneous
combustion of a large quantity of charcoal, that had been
laid in the garrets.
* “ The at5nit.y of charcoal for oxygen is so considerable, that instances have been iinown of its undergoing spontaneous cocnbustiou by simple contact wltb the air.
An occurence of this kind took place at the
powder mills of Kssonne, in France. ( In. de Cbim. 36, p. 93.) A large
quantity of reccotl~ burnt charcoal bad been ground in the usual manner,
and was deposited IU a large receptacle for future use, some days after,
the door of the magazine being opener!, in order to remove a part of the
charcoal, an extraordinary
beat was perceived, and immediately a train
of fire was observed.
spreading over the surface of the charcoal, and
which was not extinguished
without nn.tch difficulty.” A&in’s Chemical’
Dictionary, vole i, p. 235.

.

Mr. IQalct, commissary of qunpowder at Pontailler, near
Dijon, has seen charcoal t:lkc: fire under the pestle. He also
found, that when pieces of saltpetre and brimstone were
put into the charcoal mortar, the explosion took place between the fifth and sixth strokes of the pestle.
The weight
of the pestles is eighty pounds each,, half of this belonging
to the box of rounded hell metal, in which they terminate.
The pestles are raised only one foot, and make forty-five
strokes in a minute.
“ In consequence of the precaution now taken,” M. Sage
observes, “ to pound the charcoal, brimstone, and saltpetre
separately, no explosions take plact; rind time is gained in
the fabrication,
since the paste is made in eight hours,
that formerly required four-and-twenty.
‘: EvcrY wooden mortar contains twenty pounds of tile
mixture, to which two pounds of water are added gradually. The paste is first corned: it is then glazed, that is, the
corns are rounded, by subjecting them to the rotary motion
of a barrel, through which an axis passes: and lastly, it is
dried in the sun, or in a kind of stove.
“ Exptrience has shown, that brimstone is not essential to
the pl’eparation of gunpowder; but that which is made without it i’all~ to powder in the air, and will not bear carriage.
There is reason to believe, that the brimstone forms a coat
on the surface of the powder, and prevents the charcoal
from attracting the moisture of the air.
I‘ The goodness of the powder depends on the excellence
nf the charcoal; and there is but one mode of obtaining this
;ln ;lerfection, which is distillation
in close vessels, as prac9*isc::-fby- the English.
‘$ T&z charcoal of our powder manufactories
is at pri<sent
prepared in pots, where the wood receives the immediate action of the air, which occasions the charcoal to undergo a
particular alteration.”
In 1724, (Coil. Academ. t. v, p* 413,) n/x. de Moraler proposed a new mode of mixing the materials for gunpowder.
fn 1759, M. Musy proposed another method to prevent explosions; and in 1783, the baron de Gumprecht constructed
a very ingenious powder mill, a model of which he presented .to the king of Poland, whose approbation it received.
There is an account in detail, of the results of the expeGments made by MM. Kegnier and Pajot Lafsret, with
r?i&rent
fulminating
powders, in the Archives
des Decouvertrs, iii, p. 337. These experiments, although interesting
in a philosophical
view, cannot be of service in the present

case. They were made with gunpowder, fulminating
silver,
fulminating
silver and mercury combined, fulminating
mercury alone, &c. See also the Bulletil~
de In saciete’ d’EncourrrAre&ent,

c&r

65.

The observations of M. Proust (Journal
de Physique
for
May, 18 J 5) on the mixing of powder, and the consequences
that result by following the old process, may beconsulted.
The process of manufacturing
gunpowder, which we have
described, is followed in all, or the greater part of the factories of Prance. It is, however, tedioos, and not exempt from
or imdanger.
‘I‘he same process, with some modifications
provements, is adopted in this country; but of all our gunpowder manufactories,
that of the messrs. Dupont of
13rand>.winc;, D&ware,
has heretofore
produced the best
powder. Powder, however, eq~aily powerful, has been made
in other factories.
The improved
process of M. Chnmpy, which, in many
respects, is superior to the f,,regoing, is the following:
I. The nitre, sulphur, and charcoal are first reduced, separ”tef.v, to very fne powder. This operation is performed
In ba~-re:i~, ~;i-:I;icll are made to turn upon their axis, similar to
the barrel-ihurn,
and the substances are introduced gradually. R&
made of an alloy of copper and tin, are then
put in, which by their action reduce the substances to powder.
f~. The second operation has for its object, the intimate
mixture of the ingredients.
The quantities to be mixed arc
weighed, and put into a drum with a quantity of shot, which
is made to revolve during an hour and a quarter.
In thi?
manner, three hundred pounds of the mixture are at once
operated upon.
About
S. The mixture is then moistened with water,
fourteen per cent. is added. It is then passed through a sieve
made with round holes, and then put into a drum, and submittcd for a half hour, to a rotary motion.
A number of
small
round grains are thereby formed, which are separated
from the mass by means of a sieve, the holes of which art,
very small.
4. 1Yhen a sufficient quantity of these grains are procured, they are put into another drum, of a suitable size,
with one and a half times their weight of the original mixture.
The drum being put in motion, some water is added, which
serves to make them increase in size, by constant rubbing:
at the end of a certain time, the whole becomes granulated,
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The density of the grains depends on
or perfectly round.
the mixture, and the time they were kept in mution.
5. The powder being thus grained, is passed through
sieves, whose holes are of different diameters; and hence it
is divided into three kinds: oiz. cannon powder, musket powder, and fine grained powder.
6. Finally, the powder is dried, and preserved in the usual
manner.
Its strength is equal to that made by the old process, and is perfectly round.
It may be pr(>per to observe, that this process presents
many important and decided advantages.
Althoug~~, in our
description, we have not gone into details, yet the whole operation will be seen at one view. it was practised in France,
by its inventor,
%I. Champy. and, besides being introduced
into the United States, it has also been adopted in Prussia.
M. Proust endeavoured
to show, that charcoal made of
shoots or branches, makes the best powder, and wili mix lvith
more facility with the nitre and suli~h~~l-; ar:ci in empioying
the ordinary charcoal, two hours L>e;;ting is necessary to obtain a perfect mixture.
The pestles, as Chaptal observes,
Their weight is
usually make fifty-five strokes in a minute.
various; he gives them at eighty pounds.
M. C~ney discovered a new process for the fabrication of
;>owcZer, and although Chaptal himself made some advan:ageous changes in the process, yet the merit of the discovery he gives entirely to Carney.
The process of RI. Champy, is in some particulars the same. lt will be suficit.nt, however, to observe, that it is reduced to &XC heads: viz.
1. The pulverization,
and sifting of rit:: materials;
2. Mixing
the materials ii2tim:ltsly in vessels similar to
<asks; snd,
s Giving the mixture the necessary consistence, and the
final granulation.
For some detnils of the process, the reader may consult
Chaptal’s C’himie Applipu P turn arts, tome iv, p. 145.
Chaptal is of opinion, that Carney’s mode of fabricating
powder, presents many advantages, among which he tionsiders the facility of its formation,
economy in the expense,
and the superiority of the powder.
In a memoir on the subject, and the formation of powder at Grenelle, Chaptal has
described the process very minutely.
Bottee and Hiffault r&duce the manufacture of gunpowder
in France to the following heads:
1. The mixture of the ingredients,
This relates to the
manner of uniting the nitre, charcoal, and sulphur, the quan-
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tity of the composition put into each mortar, and observations
respecting the manipulation.
l’he time required for reducing gunpowder to its proper
consistency, and for effecting the mixture is termed by the
French,
Batty-e.
They are usually twenty-four
hours, (or
eight according to the new mode,) in pounding the materials
to make good gunpowder.
Supposing the mortar to contain
sixteen pounds of composition, it would require the application of the pestle 3500 times each hour.
‘I‘he order in which they are beaten, and mixed, is as before given, and also the rechanging, or transferring
the materials from one mortar to another.
2. Granulation,
(Grenage
Fr.) This operation consists, as
before observed, in passing the mixture through different
sized sieves, emploving
also parchment sieves, and afterwards separating the dust by a fixle sieve.
The size of the
grain depends altogether on the sieve.
Elence we have can-,
non-powder,
gumring or musket-powder,
pistol-powder,
and
mining-powder.
Superfine powder is the very small grained,
3. Glcrzinz. (Lis3aAre I;;.) ‘This operation takes off the asperities oC the grain, renders it hard and less liable to soil
the hands, anti gi\ e:b it a kind of lustre.
Et is only used for
Cannon
fine powder, such as the pistol, and hunting-powder.
powder is never glazed.
It is performed in a barrel-shaped
vessel, which is made to revolve on its axis, like the ordinaThe quantity of powtler ~kucd
in one of
ry barrel-churn.
these barrels at a time, in France, is 1,s~ kilogrammrs.
l3y the rotary motion, the grains of powder rub agair,st
each other, by which each grain becomes smooth, and re.
ceives a polish.
According
to the motion of the barrel, so
is the glazing more perfect. This, however, is regular.
After the operation, which continues several hours, the dust is
separated from the graizl by a sieve. The state of the atmosIf dry, the grain receives a betphere influences the process
ter polish; if wet or damp, the operation is retarded, and the
It has been customary to introduce a very
gloss imperfect.
small portion of finely pulverized plumbago, (carburet of iron),
in order to give the grain a better polish, But such additions,
however small, are obviously injurious to the powder.
It is
Powder,
said that it prevents the absorption of moisture.
which has been glazed with black lead, (plumbago),
may be
known by its peculiar shining lustre, and also by experiment.
M. Cagniard Latour made some experiments with glazed
powder, which may be seen in the work of Bottee and Riffault, p, 233.

4. Drying.
(&chage.
Fr.) The drying of powder is performed in two ways, oiz. by exposure to the sun, and by exposure to heat in close rooms.
The English mode, that of
drying by steam pipes, MM. Bottie and KifFault are of opinion, presents many advantages, and particularly that the powvder may be dried in all weathers, and with perfect safety.
The mode of drying gunpowder
by the vapour of water,
(confining it, however, in iron pipes or vessels,) was suggested in 1781, and 1787. See Me’moires
de I’Acad~mie
des
Sciences de Suede, 1781, the Journal
des Savants,
1187, nnc5
the Transactions
of the Society of Arts, vol. xxiv.
Rl[r. Snocigrass, in the last work, gave an account of :; method of communicating heat by steam, by using pipes of cast iron, for
which the society of arts voted him forty guineas.* Chaptal
(Elements [Ze Chinzie) has some judicious remarks on the exsiccation of powder.
The experiment
made at Essonne near Paris, by 3%.
Champy, in 1808, on a contrivance for the drying of powder, was satisfactory. T!k
experiment may be seen in page
242 of Bottte and Riffault.
5. Dusting,
(Lj~ou.ss~~~z,o-e.) This operation is confined
merely to the sifting. It is nothing more than the separation
of the dust fi-onI the grain, which we have before noticed.
The dust is put in the mortars, and worked over.
6. Barrellinmq
Wc.
After the powder has gone through
the several operations described, -it is then pui into barreTs,
and taken to the magazine.
After
speaking of gunpowder
under these heads, the!
describe the manner of treating the green, (verd) and dry
meal powder; the police of powder establishments, for order and economy; the workmen necessary in a powder manufactory;? the process of making powder in the revolution;
* This apparatus will heat the air in a room to %I0 in the coldest
weather, and is particularly
calculated for cotton mills, and other purposes. His invention is considered to be a judicrous application of a well
known principle.
Count Rumford heated rooms in a similar manner by
steam, which may be seen in the Repository of Itrt3 vol. xv, p. 186.
A
Mr. Green of Wandsworth,
England, obtained a patent in 1793, for
warming
rooms, by heated air, heated wit11 steam.
Steam pipes, however, are now in use in the United States.
Zn consequence of the great
quantity of latent caloric in steam (about 1000 degrees) which is given
out as free heat in its condensation, this prin&ple has been judiciously applied not only to the warmiog of apartments, but to tire boiling of dye
Set ar2 ac03unt of Woolf’s steam apparatus,
kettles, and other purposes.
subsequent pages.
t The principal workmen they descrihc, are a master powderer,
a master cqenkr,
a mask3 Cooper, a h;z,.i boy, (Gsrcon) employed in the
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and for +e

manufacture
of i~z~~-iai
~o’~D&Y (which
contains
0.10 sdphur,
and 0.12 charcoal);
the process
of Her11r, whet-c the powder is made of 0.76 snltpetre,
0.14
ch~:rioa~ &, and 0.10 sulphur;
the process of &%r. Champy,
ndced
in thnis article;
observations
respecting
differerit
proCeSSCjon powder
mzgazines;
gunpowc!er
made--of
olher
sali]-e )suilstances
besides nitre;
different
modes
of proving
powder,
examination
of powder;
description
of workshops,
mechanks,
and utensils,
kc. 8-c. with a \vrZriety of engravings.
WF: have merely
to remark,
that this work of Bottle
and
RifFault
(a large quart0
volume,
of 340 pages, besides
the
plates, which make a distinct
volume)
ought to be in the possession of every gunpowder
manufacturer,
as it contains
all
the information
known
on that subject.
Qf this fact there
can be no difference
of opinion,
that in consequence
of the
great attention
paid to the subject of gunpowder
in France,
not only by the government,
but by scientific
associations
and
individuals,
their knowledge
generally
must be more minute
and accurate,
and their works, as auihentic
records of facts,
snore to be depended on.
Besides many interesting
works, and memoirs
in French,*
there have appeared
some valuable
dissertations
in the English language.
1Mr. Coleman,
in his paper in the
Phil.
Msg. ix, p. 355, may be considered
the first, who, as superintendant
of one of the Royal
powder
mills,
was enabled
to
present a body of facts on this subject.
As the mode of manufacturing
gunpowder
at the Rovai
Powder
Mills
of Waltham
Abbey,
in England,
rnziy be ‘interesting
and useful, in connection
with thedifferent
processes already
given;
we will introduce
in this place the account of IMr. Coleman,
having extracted
it from the Artist’s
Manual,
&c. of the author.
and having
taken
it from the
original
memoir
of that gentleman.
The ingredients
of gunpowder
are taken in the following
proportion,
namely,
75 of saltpetre,
15 of chz+rcoal, and 10
of sulphur.
‘I’he saltpetre
used is almost entirely
that which
is imported
from the Indies,
which comes over in the rough
state mixed
with earthy
and other salts, and is refined
bjsolution,
evaporation,
and crystallization.
After
this it is
fused in a moderate
heat, so as to expel all the pure water,

0.73 saltpetre

pulverization
of the substances, another for the fabrication of cbarcoai,
one for every mill, besides workmen for aiding in the charring, for the
mill, stc.
* Trait& SW Part clefabriquer
1~ POW?W d cnnon, par 37 RI. Eottde
C’
Riffault may be consulk&.
Q
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but none of the acid, and is then fit for use. The great use
of refining the nitre is to get rid of the deliquescent salts,
which by rendering the powder made of it liable to become
damp by keeping, would most materially impair its goodness. The sulphur used is imported from Italy and Sicilv,
It is
where it is collected in its native state in abundance.
refined by melting and skimming, and when very impure,
by sublimation.
It should seem that the English sulphur,
extracted in abundance from some of the copper and other
mines, is too impure to be economically
used for gunpowder, requiring expensive processes of refining.
The charcoal formerly used in this manufacture was prepared in the usual way of charring wood, piles being formed
of it and covered with sods or fern, and suffered to burn
with a slow smothering flame.
This method however cannot with any certainty be depended on to produce charcoal
of a uniformly
good quality, and therefore a most essential
improvement
has been adopted in this country, to which the
present superior excellence of American powder may be in a
good measure attributed,
which is, that of enclosing the
wood, cut into billets about nine inches long, in iron cylinders placed horizontally,
and burning them gradually to a
red heat, continuing the fire till every thing volatile is driBut as the
ven off, and the wood is completely charred.
pyroligneous
acid, the volatile product of the wood heated
per se, is of use in manufacture,
it is collected by pipes py\ssing out of the iron cylinder, and dipping into casks where
the acid liquor condenses.
This acid is used in some parts
of calico-printing,
chiefly as the basis of some of the iron
liquors and mordants for dark-coloured
patterns. The wood
before charring is barked.
It is generally either alder or
willow, or dog-wood,
but there does not appear to be any
certain ground for preferring one wood to another provided
It be fully charred.
The above three ingredients
being prepared, they are
first separately ground to fine powder, then mixed in the
proper proportions, after which the mixture is fit for the ima
portant operation of thoroughly
incorporating
the compoijent parts in the mill.
A powder mill is a slight wooden
building, with a boarded roof, so that in the event of any
moderate explosion, the roof will fly off without difficulty,
and the sudden expansion will thus be made in the least
mischievous
direction.
Stamping mills were formerly used
here, which consisted simply of a large wooden mortar, in
which a very ponderous wooden pestle was made to work.

SECT.

VII.]

Gunpowder.

115

by the power of men, or horses, or water, as convenience
directed. These performed
the business with very great accuracy, but the danger from over-heating
was found to be
So great, and the accidents attributable to this cause were so
numerous, that stamping mills have been mostly disused in
large manufactures,
and the business is now generally performed by two stones placed vertically,
and running on a
bed-stone or trough.
The lvlixed ingredients
are put on this bed-stone in
quantities not exceeding 40 or 50 pounds at a time, and
moistened with just so much water, as will bring the mass
in the grinding to a consistence considerably
stiffer than
paste, in which it is found by experience that the incorporation of the ingredients
goes on with the most ease and accuracy. These mills are worked either by water or horses.
The eonaposition is usually worked for about seven or
eight hours before the mixture is thought to be sufficiently
intimate, and even this time is often found, by the inferior
quality of the powder, to be too little.
The fine powder
manufactured
at Battle in Sussex, is stiil however made in
large mortars or stamping mills, in the old way, with heavy
lignum vitae pestles. Only a very few pounds of the materials are worked at a time.
The composition is then taken from the mills and sent to
the coming-house,
to be corned or grained.
This process
i&t%t+ essential to the manufacture
of perfect gunpowder,
btif& adopted on account of the much greater convenience
of using it in grains than in fine dust. Here the stiff paste
is first pressed into hard lumps, which are put into circular
sieves with parchment bottoms, perforated
with holes of
different sizes, and fixed in a frame connected with a horizontal wheel.
Each of these sieves is also furnished with
a runner or oblate spheroid of lignum vita, which being set
in motion by the action of the wheel, squeezes the paste
through the holes of the parchment bottom, forming grains
of different sizes. The grains are then sorted and separated
from the dust by sieves of progressive dimensions.
They are then glazed or hardened, and the rough edges
taken off, by being put into casks, filling them somewhat
more than half-full, which are fixed to the axis of a waterwheel, and in thus rapidly revolving, the grains are shaken
against each other and rounded, at the same time receiving
a slight gloss or glazing.
Much dust is also separated by
thisprocess.
The glazing is found to lessen the force of

the powder from a fifth to a burth, but the powder keeps
much better when glazed, and is less liable to grow damp.
The powder being thus corned, dusted and glazed, is sent
to the stove-house and dried, a part of the process which
requires the greatest precautions to avoid explosion, which
in this state would be much more dangerous than before the
intimate mixture of the ingredients.
The stove-house
is a square apartment, three sides of
which are furnished with shelves or cases, on proper supports, arranged round the room, and the fourth contains a
large cast-iron vessel called a ~Zoon~, which projects into the
room, and is strongly heated from the outside, so that it is
impossible that any of the fuel should come in contact with
the powder. For greater security against sparks by accidental friction, the glooms are covered with sheet copper, and
are always cool when the powder is put in or taken out of
the room.
Here the grains are thoroughly
dried, losing in
the process all that remains of the water added to the mixture in the mill, to bring it to a working stiffness.
This
Mr. Coleman finds to be from three to five parts in 100 of
the composition, The pow&r when dry is then complete.
Th e governm~:nt powder for ordnance of all kinds as well
as for small armb, is generally made at one time, and always
of the same composition;
the difference &zing only in the
size of the grains as separated by the respective sieves.
A method of drying powder by means of steam-pipes
running round and crossing the apartment has been tried
with success: by it all possibility of an accident from overThe temperature of the room when
heating is prevented.
heated in the common way by a gloom-stove
is always
regulated by a thermometer hung in the door of the stoves.
The strength of the powder is sometimes injured by being
dried too hastily and at too great a heat, for in this case
some of the sulphur sublimes out (which it will do copiously
at a less heat than will inflame the powder) and the intimate
mixture of the ingredients is again destroyed.
Besides if
dried too hastily, the surface of the grain hardens leaving
the inner part still damp.
Mr. Coleman deduces from experiment the following inferences, namely: that the ingredients of gunpowder
only
pulverized and mixed have but a very small explosive force:
that gunpowder
granulated after having been only a short
time on the mill, has acquired only a very small portion of
its strength, so that its perfection
absolutely> deptnds on
very long-continued
and accurate mixture and mcorporation
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of the ingredients:
that the strength of gunpowder does not
depend on granulation,
the dust that separates durin.g this
process being as strong as the clean grains: that powder
undried, is weaker in ever) step of the manufacture
than
when dried: and lastly, that char&al made in iron cylinders
in the way already mentioned, makes much stronger’powtier
than common charcoal.
This last circumstance
is of so
much consequence, and is so fully confirmed by experience,
that the charges of powder now used for cannon of all kinds
have been reduced one-third in quantity, when this kind of
powder is employed.
In barrelling
powder, particular
care must be taken to
avoid moisture, and this business is also generally reserved
for dr\ weather.
When powder is only a little damp, it may be restored to
its former goodness merely by stoving; but if it has been
thoroughly wetted, the nitre (the only one of the ingredients
soluble in water) separates more or less from the sulphur
and charcoal, and by again crystallizing, cakes together the
powder in whitish masses, which are a loose aggregate of
grains covertd on the surface with minute efllorescences of
nitre.
In this case the spoiled powder is put into warm
water merely to extract the nitre, and the other two ingredients are separated by straining and thrown away.
The specific gravity of gunpowder is estimated by Count
Rumford to be about 1.868.
The strength and goodness of powder is judged of in
several ways; namely, by the colour and feel, by the flame
when a small pinch 1s fired, and by measuring the actual
pro:jectile force by the eprouvette,
and by the distance to
which a given- weight will project a ball of given dimensions
’
under circumstances in all cases exactly similar.
FVhen powder rubbed between the fingers easily breaks
down into an impalpable dust, it is a mark of containing too
much charcoal, and the same if it readily soils white paper
when gently drawn over it. The colour should not be absolutely black, but is preferred
to be more of a dark blue with
a little cast of red. The trial by firing is thus managed; lay
two or three small heaps of about a dram each on clean
writing paper, about three or four inches asunder, and fire
one of them by a red-hot iron wire: if the flame ascends
quickly with a good report, sending up a ring of white
smoke, leaving the paper free from white specks and not
burnt into holes, and if no sparks fly off from it, setting fire
to the contiguous heaps, the powder is judged to be very
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good, but if otherwise, either the ingredients are badly mixed, or impure.
Gunpowder
mixed with powdered glass, and struck with
a hammer is said to explode.
An advertisement
appeareLd in the public papers some
time in 1813 or 14, signed T. Ewel, addressed to powder
manufacturers,
by which it appears, in the words of the advertisement,
that “ he obtained from the United States a
patent right for three very simple and important improvements in the manufacture
of gunpowder,
which do most
truly diminish more than one half the risk, the waste, and
the expense of the manufacture.
They consist in boiling
the ingredients by steam, in incorporating
them without the
objection of barrels, the danger of pounders, or the tediousness of stones running on the edge: and in the granulation
effected by a simple machine turning by hand or water, and
graining more in a day than twenty hands, losing not a paretitle of dust, and making not half the quantity for re-manufacture.
The advantages of this mode have been so great
that he had to discharge half his workmen from his manufactory, as will be readily accounted for by those accustomed
to the tediousness and loss from grainiag+ particularly
the
press powder by the sifter and rollers, &c.”
We have not seen the plan in operation, and, therefore,
can say nothing respecting it; but it would appear, from the
description,
that the process was conducted altogether by
steam. It is true, that the use of steam is no new application, nor was it then, as it had been used in Europe
for
heating of dye-kettles, in soap boiling,
distilling,
for warming apartments, and many other purposes.
The application
to that particular use, that of the manufacture of gunpowder,
may be original as far as we know, notwithstanding
steam
has been applied by means of pipes, kc. as is used at present
Proin some manufactories, for the drying of gunpowder.
fessor, now president Cooper, of Columbia College, S. C.
(Emporium
of Arts and Sciences vol. ii, p. 317) in making
some observations respecting that publication, believes, that
the application of steam to the manufacture
of gunpowder
to be practicable, and in reference to the advertisement,
also
a real improvement;
and speaking of steam for that purpose
adds, “ whether it be adopted in England or not, or whether among the numerous patents granted for the application
of steam to the arts and manufactures
of that country, 1
know not.”
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principle of heating apartments by steam,
that one cubic foot of boiler will heat about
tzuo thousand feet of space, in a cotton mill, whose average
One square foot of surface
heat is from 709 to SOQ Fahr.
of steam pipe, is adequate to the warming of two hundred
cubic feet of space. Cast iron pipes are preferable to all
others for the diffusion of heat. For drying muslins and
calicoes, large cylinders are employed, and the temperature
of the apartment is from 100° to 130Q.
Dr. Black observes that steam is the most effectual carrier of heat that
can be conceived, and will deposite it only on such bodies as
are colder than boiling water.
Dr. Ure (Researches
on Heat) has given a new table of
the latent heat of vapours, by which it appears that the vapour of water, at its boiling point, contains 1000 degrees,
wki1.e that of alcohol of the specific gravity, 425 contains
457O, a~& ather, whose boiling point is I 123, only 312. 9. We
see then not only by-the recent experiments of Ure, but also
those of Dr. Black, LaGoisier and Laplace, Count Rumford,
Mr. Watt and some others, that water is the best carrier of
heat, using the expression of Dr. Black, and hence is admirabljr calculated for the warming of apartments and other
purposes.
Steam may be applied for the heating of water or other
fluids, either for baths or manufactures, and consequently for
the saltpetre and sulphur refineries, attached to a gunpowder
establishment, either by plunging the steam pipe with an open
end into the water cistern, if it be for the heating of water,
or by diffusing it around the liquid in the interval between
the wooden vessel and an interior metallic case. This last
mode is applicable to all purposes.
A gallon of water in the form of steam will heat 6 gallons
at 504 up to the boiling point, or 162 degrees; or one gallon
will be adequate to heat 18 gallons of the latter up to 100
degrees, making an allowance for waste in the conducting,
pipe.
Mr. Woolf (Mo~zthly J.Za.gazine
vol. xxxii, p. 253) has
taken out a patent for a steam apparatus for various purposes, among which that for the drying of gunpowder
is
specified.
This patent is considered under three heads; viz.
the construction of the boilers, which are cylindrical vessels
properly connected together, and so disposed as to constitute a strong and fit receptacle for water, or any other fluid,
intended to be converted
into steam, and also to present an

extensive portion of convex surface to the current of flame,
or heated air or vapour from a fire. Secondly, of other
cylindrical
receptacles placed above these cyl&ders, and
properly connected with them, for the purpose of containing
water and steam, and for its reception, transmission,
&c.
Thirdly,
of a furnace so adapted to the cylindrical parts just
mentioned, as to communicate
heat with facility and economy. By means of this invention, he states, that any desired
temperature, necessary for the drying of gunpowder, may be
produced where the powder is to be dried, without
the
necessity of having fire in, or so near the place as to endanger its safety; for by employing
steam onI~-, conveyed
through pipes, and propel-ly applied and directed, without
allowing any of it to escape into the room or apartment where
the powder is, any competent workman can produce a heat
equal to that found necessary for drying gunpowder,
or
much higher if required.
The heat may he regulated, to
effect the purpoie, without producing the sublimation of the
sulphur, which has sometimes taken place.
Among the numerous patents of the late D. Pettibone are
some for ovens, both fixed and portable, for the drying of
gunpowder.
Speaking of the use of heated air (Dcscription

ofthe

Improvements

of the Rurefying

air-stove,

p. 19)

he observes, that powder-makers
would derive a very great
advantage by using rarefied
air for drying their gunpowder.
Mr. Ingenhouz (Nowelles
experiences
et obsemntims
SUI
divers objects rJe physigue) attributed the effect of. gunpowder to the simultaneous disengagement of dephlogistlcated
air
from the nitre, and inflammable air from the charcoal at the
moment of i+tion.
He followed
the calculation of Bernouilli with respect to the quantity of gas generated, viz:
that one cubic inch of gunpowder at the moment of inflammation, calculating at the same time its expansion, occupies
not less than 2276 cubic inches.
That the effective force of gunpowder
depends on the
generation and expansion of sundry gaseous fluids, is evident, from the chemical action which takes place in the combustion.
At a red heat gunpowder
explodes.
This ensues
even in a vacuum; a fact at once conclusive, that, while it
possesses the inflammable
principle,
it has also the supporter of combustion.
It is to be observed that the particle
of powder which is struck by the spark, is instantaneously
heated to the temperature of-ignition,
and is thereby decom-
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posed; and the affinity existing between its oxygen or the
oxygen of the nitric acid, and the charcoal and sulphur produces the principal part of the gases. The caloric thus evolved, inflames successively, though with rapidity, the remaining mass. The expansive force of powder, is therefore attributed to the sudden production of carbonic acid gas, sulphurous acid and nitrogen gas, with the water which is instantaneously converted into steam; all of which are greatly
augmented by the quantity of caloric liberated.
The combustion, therefore, is owing to the action of the
charcoal and sulphur on the nitre; and the decomposition
is
the effect of the union of the charcoal with a part of the oxygen of the nitric acid, with which it forms carbonic acid, and
also with the sulphur producing sulphurous acid gas. It is
asserted, that sulphurettecl hydrogen gas is also produced; if
so, there must be a sulphuret formed, which decomposes a
part of%e water. After combustion, what remains is carbonate of potassa, sulphate of potassa, and a small proportion
of sulphuret of potassa and unconsumed charcoal. Good powder, however, should leave no very sensible residue when
inflamed: this is one of the proofs recommended.
Thenard
observes, (I-rraite’ de Chinzie, ii, p. 498,) that the products of
the combustion of gunpowder are numerous; some gaseous,
and some solid. The gaseous products are carbonic acid, deutoxide of azote (nitrous gas) and azotic gas, besides the vapour of water; and the solid products are sub-carbonate of
potassa, sulphate of potassa, and sulphuret of potassa.
M. Proust considers, that nitrite of potassa, prussiate of potassa, charcoal, sulphuretted hydrogen gas, carburetted hydrogen gas, nitrous gas, and carbonic oxide gas may be generated or result, as the products of the combustion. when
the materials have not been properly mixed.
Our ’ object
in all cases should be to render the materials pure, and the
proportions so accurate, as to produce the greatest possible
effect, which, of course, must depend on the formation
and the consequent expansion of the gases. The effect of
fired gunpowder is owing in a great degree to the generation
of carbonic acid gas; for while tb:: charcoal acts primarily in
the combustion, by taking a greater part of the oxygen from
the nitric acid of the nitrz, with which we have said it produces carbonic acid; the sulphur has a secondary influence,
by forming sulphurous acid gas, although it renders the combustion more rapid, and in this respect enables the charcoal
to act at once on the nitric acid of the saltpetre.
We learn then, that in gunpowdtr.
the quantity of charR
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coal should be such as to effect the decomposition;
and, that
while the sulphur has a secondary effect, in the formation of
sulphurous acid gas, it promotes, if so we may term it, the
and consequent action of the charcoal.
rapid combustion,
MM. Bottee and Riffault (Traitb
de Part de Fabriqzti iU
$ouder ri canon, p. 197,) after making some observations on
the constitution
of powder,
and the action which takes
place when it is burnt, with the acriform products that result,
give some remarks on the proportion
of charcoal necessary
to decompose a given quantitv of nitric acid; and conclude
generally, that in the production
of carbonic acid gas, the
principal gas which is formed, while the nitric acid is decomposed, and gives up its oxygen to the carbon, the azote
is liberated in the state of gas, and at the same time caloric
is evolved.
They observe.the‘n, that the ancient formula foi
the manufacture of gunpowder, hs’ use-d in France, consists
of the ~follo&rgX
proportions,
‘D~z: 0.750 saltpetre, 0.125
charcoal, and 0.125 sulphur, which agrees with modern experiments, although chemistry at that period was in its infancy. M. Pelletier, a member of the National Institute, and
RI. Kiffault made several experiments at Essonne, on differeut
proportions of nitre, charcoal, and sulphur in the fabritation
of powder.
It is unnecessary to “state the’ different proportions, made use of, or the experiments on the strength of the
powder made with the ep%ouvette. They observe, however,
that powder made. in the following
proportions,
was more
satisfactory, Gz. 0.76 saltpetre, 0.15 charcoal, 0.09 sulphur,
and 0.76 s&petre,
0.14 charcoal, and 0.10 sulphur.
B.efore we give the gaseous products, according to these
gentlemen, it will be necessary to observe, that the quantity
of nitric acid in nitrate of potassa, is 48.63 in the hundred,
and according to Gay-Lussac, nitric acid is composed in volume of 250 oxygen and 100 azote, or in weight of 69.488
oxygen, and 3C.5 12 azote.
Using theFrench gramme in the present instance, it appears that 75 grammes of nitrate of potassa, the proportion of
this salt which enters into 100 grammes of gunpowder
for
war, contains 36.47 grammes of nitric acid; and that this
quantity of acid is formed of 25.34 grammes of oxygen,
and 11.13 grammes of azote. That quantity of oxygen (25.
34) is disengaged from its combination with azote in the nitric acid, at the instant of the inflammation
of the powder by
the charcoal, forming carbonic acid; the constituents of which,
according
to the proportions
established by Gay-Lussac
and others, must be in the ratio of 27.376 of carbon and
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If 25.34 grammes of oxygen exist in
72.624 of oxygen.
7.5 grammes of nitrate of potassa, the proportion
usually
admitted, then it will require 0.55 grammes of carbon to
saturate it, so as to produce carbonic acid. It is necessary
to consider, that this is independent
of any foreign earthy
or saline matter or moisture which may exist.
With respect to the presence of hydrogen in charcoal, the
observations of Dr. Priestley, Cruikshanks, Kirwan, Berthoflet, Gay-Lussac,
Thenard,
Vauquelin,
Lowitz
and some
others, are conclusive on that head. Lavoisier
made the
quantity uf hydrogen in charcoal upon an avekage, to be
See Memoirs
de ia . Socie’tb d’ Arcueil,
0.125 of its weight.
tontc ii, p. 343, and the Statique
Chimique,
tome ii, pages 44
and 45, and also charcoal in a preceding section.
-e- & is said, that by employing more charcoal than is neces&s&y @decompose
the nitric acid of the nitre, the excess
passes o$m.&a
carbonic acid, but carbonic oxide, or gaseous oxide of &b~,
which is necessarily inflamed, and
finally forms carbomc$%&,~s
pne o,f the products with the
carbonic acid originally
form&d,. But the carbonic oxide,
to be changed into carbonic ticid;*requires
,. in fact the oxygen
of the atmosphere.
If 34.89 grammes of carbonic acid result froi the combustion of 9.55 grammes of carbon, it must unite with a quantity
of oxygen, as before expressed, and according to the temperature, be more or less expanded.
The 11.13 grammes of
azote thus disengaged from its combination with oxygen, in
the nitric acid, remains, of course, in the gaseous state,
and is also expanded by caloric.
The quantity of the latter is stated by Eavoisier, to be 430 degrees, using a scale of
80 parts; and according to more recent experiments,
it is
The
fixed at 600 degrees of the centigrade thermometer.
experiments of Gay-Lussac are more recent, in which he has
given the dilatation of the gases, and the quantity of free
caloric evolved, which corresponds with the last data. We
have not room to insert his remarks.
The use of sulphur with the charcoal, in the fabrication
of
powder, Bottle and Riffault state to be, (page 204) that it
inflames more rapidly than charcoal, and at a lower temperature, which accelerates the combustion of the charcoal, and
The presence
consequently the detonation of the powder.
of the sulphur augments the volume of gas, by producing
sulphurous acid gas. The proportion of sulphur in the powder for war, is, 0.125, for musket powder, 0.10, and for min.
ing powder, 0.20, according to the same gentlemen.
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*.. M. Fourcroy (Systeme des Connaissnnces Uiimiques, tome
111, p. 122.) among other products of the combustion of
If ammoniacal gas be formed,
powder, mentions ammonia.
the hydrogen must proceed from decomposed water, and the
azote from the nitric acid.
Prussine, cyanogen, or carburet
of nitrogen, the radical of prussic acid, may also be generated by the union of carbon and nitrogen or azote, in the
same manner.
We know -that cyanogen may exist in the
form of gas ; but as it is inflammable, burning with a bluish
flame mixed with purple, we may infer, nevertheless,
that,
if generated, it must undergo decomposition
by the process of combustion.
Although I know of no experiments on
this subject, either by Gay-Eussac, Vauquelin
or Davy, all
of whom have investjgated the properties of tfiis compound
of carbon and azote, which Dr. I&&as
cUed prussine; yet
it would appear, that during%
combustion, the carbon is
changed into carbonic acid, and whether the azote be also
combined with oxygen, or merelv set at liberty, is altogether
uncertain. Many difficulties presint themselves to a complete
and satisfactory set of experiments on the gaseous productis
_
of fired gunpowder.
With respect to the granulation mf -poVer,
tie may observe, that although some writers consider that granulated
powder is stronger
than the. fine powder, yet others are of
opinion, that its strength is not increased by granulation.
Grained powder ismore fit for use; but the gra-ining of it prevents the whole of the powder from taking fire instantaneously.
Gunpowder,
although prepared in the best manner, is not
However remarkable it
wholly consumed by inflammation.
may appear, yet nevertheless it is true, that a considerable
portion of gunpowder fired in a confined space is thrown out
without being kindled.
That gunpowder
passes through a
volume of fire without being consumed, may seem incredible,
yet the fact may be proved by firing with a musket upon
snow, or upon a paper screen.
M. MorGeau communicated to the Institute some experimelits, which may be seen in the Arc/&es &s Decouoerte,
4 P* ~69, relative to the time necessary for the inflammation
of a given mass of gunpowder, &c. He infers that large grain
powder inflames more readily ‘than the fine grain.
Since during the combustion of powder, gaseous bodies
more or less considerable are generated, it follows that
the fill1 force of fired gunpowder
must depend on the
maximum of the quantity of those gases; and the powder is
more strong as it is susceptible of forming more gas in a

given time, Besides the purity and the proper proportion
of the materials, the gunpowder,
to produce the greatest
possible effect, should not only be intimately mixed, but dried
perfectly and with care.
It is a fact which is well known, that a musket, fowling
piece, &c. are very apt to burst, if the wadding is not rammed down close to the powder.
Hence it is obvious, that in
loading a screw barrel pistol, care should be taken that the
cavity for the powder be entirely filled with it, so as to leave
no space between the powder and the ball.
Experience has shown, that if a shell is only half or twothirds filled with gunpowder, it breaks into a great number
of pieces, and on the contrary, if completely filled, it separates
only into two or three pieces, which are thrown to a very
great distance.
Jt~~~~;Jso found that the same principle, of leaving a space
for arr;is ap@ied, with success iri blasting rocks, and splitting trunks of ‘trees. ’ If the trunk of a tree is charged with
gunpowder,
and the wadding is rammed down very hard
upon the powder, in that case (unless the quantity of powder
is great,) the wadding is only driven out, and the tree remains entire; but if, instead of ramming the wad close to
the powder, a certain space is left between them, the effects
of the powder are then such as to tear the tree asunder.
Addison ( Truvels through
Italy and Szoisserland)
speaking of the celebrated Grotto Del Cani, which contains carbonic
acid gas, and on that account extinguishes
flame, and is
fatal to animal life, observes, that he laid a train of gunpowder in the channel of a reed, and placed it at the bottom of
the grotto, and on inflaming it, that it burnt entirely away,
although the carbonic acid gas in the same spot would immediately extinguish a lighted taper, snuff and all; for, he
remarks, fire is as soon extinguished in it as in water.
If
gunpowder
did not contain within itself that which was
necessary to produce combustion, how are we to account for
its combustion in an atmosphere of carbonic. acid gas, or in
vacua?
Whether gunpowder be fired in a vacuum or in air, a
permanently
elastic fluid is generated, the elasticity
or
pressure of which is, caterisparibus,
directly as its density.
Gregory, ( Treatise on Mechanics,
WC. ii, p. 56) has given
a summary of the results of the experiments of Mr. Robins,
which we insert verbatim.
“ To determine the elasticity
and quantity of this fluid (the elastic) produced from the explosion of a given quantity of gunpowder,
Nr. Robins
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premises, that the elasticity increases by heat, and diminishes by cold, in the same kanner as that of the air; and that
the density of this fluid, and consequently its weight, is the
same with an equal bulk of air, having the same elasticity at
the same temperature.
From these principles,
and from
the experiments by which they are established (for a detail
of which we must refer to the book itself,) he concludes that
the fluid produced by the firing of gunpowder,
is nearly
3-IOths of the weight of the generating powder itself; and
that the volume or bulk of this air or fluid, when expanded
to the rarity of common atmospheric air, is about 244 times
the bulk of the said generating powder.
Count Salace in
his JJL~cel. Phil. Mnth. Sot. Priv. Taurin, p. 125, makes the
proportion as 222 to 1; which he says agrees yit_h the cornputation of Messrs.
Hawkesbe
Amontons,
and Belidor.
Hence it would follow ghat’any quantity of powder fired
in any confined space, which‘ it adequately fills, exerts at
the instant of its explosion against the sides of the vessel
containing
it, and the bodies it impels before it, a force
at least ‘~44 times greater than the elasticity of comr~non
air, or, which is the same thing, than the pr,qsg!u& of the atmosphere; and this without considering “thq great addition
arising from the violent degree of heat, with which it is
endued at that time; $he- quantity of which augmentation
is the next head of Robins’s inquiry.
He determines that the elasticity of air is augmented in a
proportioa;t somewhat greater than that of 4 to I, when heated
to the extremest heat of red-hot iron; and supposing that the
flame of fired gunpowder
is not of a less degree of heat,
increasing the former number a little more than four times,
makes nearly 1000; which shows that the elasticity of flame,
at the moment of explosion, is about 1000 times stronger
than the elasticity of common air, or than the pressure of
the atmosphere.
But, from the height of the barometer, it
is known that the pressure of the atmosphere upon every
square inch is on a medium of 14 3-4ths, and therefore 1000
times this, or 147501bs. is the force of pressure of inflamed
gunpowder,
at the moment of explosion, upon a square
inc h, which is very nearly equivalent
to six tons and a
half.
This great force, however,
diminishes as the fluid
dilates itself, and in that proportion;
viz. in proportion to
the space it occupies, it being only half the strength, when it
occupies a double space, one-third
the strength, when a
triple space, and so on. Mr. Robins further supposed the
degree of heat above mentioned
to be a kind of medium
heat; but that in the case of large quantities of powder the
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heat will be higher, and in very small quantities lower; and
tha) therefore in the former case the force will be somewhat
more, and the latter somewhat less, than 1000 times the
force of the atmosphere.
He further found, that the strength of powder is the same
in all variations in the density of the atmosphere: but that
the moisture of the air has a great effect upon it; for the
same quantity which in a dry season would discharge a bullet with the velocity of 1700 feet in one second, will not in
damp weather give it a velocity of more than 12 or 1300
feet -in a second, or even less,’ if the powder be bad, or
negligently kept. Robins’s Tracts vol. i, p. 101, &c. Further,
as there is a certain quantity of water, which, when mixed
with powder,
will prevent its firing at all, it cannot be
doubted but every degree of moisture must abate the violence of ,the- explosion; and hence the effects of damp powder are no%@ cult to account for.
The velo& 4 “of =expansion of the flame of gunpowder,
when fired in a piece of artillery, without
either bulb t or
other body before it, is fxodigiously
great, viz. 7000 feet
per second.
But Mr. Bernoulli and Mr. Euler think it is
still much greater.
Dr. Hutton, after applying some requisite corrections to
Mr. Robins’s numbers, and after remarking
that the powder does not all inflame at once. as well as that about 7-laths
of it consist of gross matter not convertible into an elastic
q )( log. ofb
for the initial
a
16+ q
velocity of any ball of given weight and magnitude, :ind n =
-- p-t-w
‘VSJ7 log. !-for
the value of the initial fol-ce
3180 ad*
a
n of the powder in atmospheric pressures: when a =length of
the bore occupied by this charge, b = whole length of the
bore, d = diameter of the ball, w = its weight, 2 p = weight

fluid,

gives v = 125

4

(-

n

l

-

-

l

of the powder,

q = $

l

In his experiments

and results, he

found n to vary between 1700 and 2300, and the velocity of
the flame to vary between sooo and 47~2; specifying, however, the moilification in his computations, which would give
Taking
more than 7000 feet per second for that velocity.
2200 for an average value of II, and substituting ~$7 for its
square root in the above formula for v, it becomes v = 587:
>

for the velocity

of the ball, 2
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theorem which agrees remarkably well with the Doctor’s numereus and valuable experiments. (Tracts, vol. iii, p.290,3 15.)
In a French work entitled, “ te IMouventent
Z&z-d consid&+
principalement
dans la charge d’une piece d’artillerie,”
published in 1809, there are advnnced, among other notions
which we apprehend few philosophers
will be inclined to
adopt, some which may demand and deserve a careful cansideration.
The author of this work observes, that if a fluid
draws its force partly from a gaseous or aeriform matter, and
partly from the action of caloric, which rarefies that aeriform
matter; then its density in proportion to its dilatation,
will
follow the inverse ratios of the squares of the spaces described,
He then investigates ,two classes of formula: the
first appertains to fluids which possess simply the fluid or
aeriform elasticity, which are free froth all heat exceeding the
temperature of the atmosphere.
Whether there be one or
many gaseous substances signifies not, provided
their temperature agrees with that of the atmosphere; for when these
dilate they conform to the inverse of the spaces described.
The second relate to those which derive their elasticity as
well from the aeriform fluids,as from the matter of heat which
pervades them; and which are denominated j%ids of mixed
elasticity,
to distinguish them from those of simpIe or purely
clerz$orm ekasticity.
These fluids, in dilating, conform to the
inverse ratio of the squares of the spaces described.
Thus
the celerity of action or mixed elastic fluids, is to that of simple elastic ,Auids as Se to S; whence it follows that mixed
elastic fluids are more prompt and energetic in their action
than others; and hence also is inferred why the fluid produced by the combustion of gunpowder, is more impetuous
and more terrible in its operation than atmospheric air, however compressed it may be. The force exerted by the caloric to dissolve a quantity of powder, is regarded as equal
to that possessed by the fluid which results from that dissolution, and is named the force of dissolution
of powder by
fire: and the surface of least resistance is that (as of the ball,)
which yields to the action of the fluid.
The gunpowder subjected to experiment by this author, was of seven different
qualities, varying from 1000, the density of water, down to
946, the density of powder used by sportsmen. It was found
by theory, and confirmed by experiment, that the real velocity with which the elastic fluid, considered under the VOlume of the powder, and penetrated by a degree of heat capable of quadrupling
the volume, would expand, when it
had only the resistance of the atmosphere to surmount, is
2546*49 feet, that is, about 2734.4 feet English.
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Comparing the several forces which were calculated for
the snmt quantity of powder, in three different circumstances:
1. 1Vhen the fluid has only to surmount
the atmospheric
pr~~m.we, it nas a force of dissolution which is proper to it,
and \Yhich in a charge of 8lbs. of pow;ler (the specilic gravity
944.72, for a 24 pounder,) acts upon
the surface of the least
resistance with an energy equivalent to 9747.8074 lbs.
2. The fluid retarded in its exprtnsion by a surface of least
resistance, whose tenacity (occasioned by the compactness
and pressure of the wadding,
8s~) is t = 31, acquires hy its
elasticity of force = 5~839.1463 lbs. at the instant when
that surface yields to its action.
3. If the tenacity t = S-M lhs., the force of the fluid at the
moment when the resisting surface yields to it, will be equivalent to 417371.4275 11~. If each of these forces be divided
by the surface of least resistance, the quotient will indicate
the equation of each filament, namely, 1st. ‘fhat of the force
of dissolution = 173.63 grains; %l. when t = 31 lbs. that of
elasticity = Wr3.26 grains; 3d. when t = 298 lbs. force
elastic equal to 7433.99 grains.
Dividing
again these latter values by the length of the
charges, we shall hare for the mean force of each elementary
Puid particle,
1. Force of dissolution, o.142o5
grains.
2. When t = 31 lbs. the force elastic = 0.75540 grains.
3. When t = 298 lhs. the force elastic = 6.0~174 grains.
It appears, however, that equal charges of powder of the
same quality. employed in the same piece, produce very different velocities; the more considerable being the resistance to the expansion of the fluid, the less the velocity becomes. Thus, it is found, when t = 31 lbs. the velocity of tlx
bail when expelled at the mouth of the piece, is 1563.6 feet:
when t = 298 lbs. v = 1350.9 feet.
The following table will exhibit in one view the velocities with which a 24 lb. ball issues from the mouth of a gun,
when propelled with the several charges expressed in the first
column.
1st. According
to the theory developed
in the volume,
from which we have made these extracts.
2d. According
to the experiments
of RI. Lombnrtl,
at
Auxerre, on guns for land service. A
3d. Accordins to the experiments of M. Teixiere de Morbet, at Toulon, on guns for sea service.
4th and 5thly. According
to the deternlination
of’ Mr.
Robins and Dr. Hutton..
S
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experi-t
Norbec.

,

VELOCITIES.
-----I
Robins.
Hutton.

I

--

’ 1 lb.
A2 1.2
3
4
6
8
10
12

-

622
980
1072
1233
1407
1564
1581
1631

524
i

lFlli

1216
1352
1370
1 1421

573
i ,%i
1312
1457
1476
1 1526

575
906
989
1132
1320
1425
1475
1530

570
940
1020
1245
1340
1560

640
750
969
1069
1215
1519

500
730
830
940
1164
134s
1500
1600

It is the prodigious celerity of expansion of the flame of
fired gunpowder, which is its peculiar excellence, and the
circumstance
in which it so eminently surpasses all other
inventions, either ancient or modern; for as to the momentum
of these projectiles only, many of the warlike machines of
the ancients produced this in a degree far surpassing that of
our heaviest cannon, shot or shells; but the great celerity
given to them cannot be approached with facility by any other
means than the explosion of powder.”
Dr. Hutton, in conjunction with several able officers of the
artillery
and other gentlemen, made an extensive course of
experiments at Woolwich,
at the expense of the British
government, by the direction of the then master-general
of
the ordnance, (the late duke of Richmond,)
in the years
1783, I 784, and. 1785, which demonstrated
the following
facts:
1. That the velocity continually
increases as the gun is
longer, though the increase in velocity is but very stnall in
respect of the increase in length; the velocities being in a ratio somewhat less than that of the square roots of the length
of the bores, but somewhat greater than the cube roots of
the same, and nearly indeed in the middle ratio betweeu the
two.
2, That the charge being the same, very little is gained
in the range of a gun, by a great increase of its length; since
the range or amplitude is nearly as the fifth root of the length
of the bore, and gives only about a seventh part more range
with a gun of double length.
3. That with the same gun and elevation, the time of the
ball’s flight is nearly as the range.
4, That no sensible difference is produced in the range or
velocity, by varying the weight of the gun, by the use of
wads, by different degrees of ramming,
or by firing the
charge of powder in different parts of it.
5. That a great difference, however, in the velocity, is oc-
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casioned by a small variation in the windage; so much SO, indeed, that with the usual windage of one-twentieth
of the
caliber, no less than between one-third and one-fourth of the
whole charge of the powder escapes and is entirely lost; and
that as the windage is often greater, one-half the powder is
unnecessarily lost,
6. That the resisting force of wood to balls fired into it, is
not constant, and that the depths penetrated by different velocities, or charges, are not as the charges themselves, or,
which comes to the same thing, as the squares of the velocities.
7. That balls are greatly deflected from the direction they
are projected in, sometimes, indeed, so much as 300 or 4-K)
yards in a range of a mile, or almost a fourth part of the
whole range, which is nearly a deflection of an angle of 15
degrees.
The observations of Glenie, (E&tory of Gtmncry,
1776,)
show the theory of projectiles in vacua by plain geometry,
or by means of the square and rhombus; with a method of
reducing projections on inclined planes, whether elevated or
depressed below the horizontal
plane, to those which are
made on the horizon.
This author, in his treatise, after stating in page $8, the
two following positions of &Ir. Robins, namely, “that till the
velocity of the projectile surpasses that of 118 feet in a second; the resistance of the air may be estimated to be in the
duplicate of the velocity;”
that “if the velocity be greater
than that of 11 or 1200 feet in a second, the absolute qu.antity of the resistance will be nearly three times as great
as it should be by a comparison with the smaller velocities;”
says, that he is certain from some experiments, which he and
two other gentlemen tried with a rifle piece properly fitted
for experimental purposes, that the resistance of the air to a
velocity somewhat less than that mentioned in the first of
these proportions, is considerably greater than in the duplicate ratio of the velocity; and that to a celerity somewhat
greater than that stated in the second, the resistance is less
than that which is treble the resistance of the same ratio.
He observes, also, that some of Mr. Robins’s own experiments come to this conclusion; since to a velocity no quicker
than X0 feet in a second, he found the resistance to be somewhat greater than in that ratio, and remarks, therefore,
that
“after ascertaining the velocities of the bullets with as much
accuracy as possible, I instituted a calculus from principles
which had been laying by me for some time before, and

found the resistance to approach nearer to that, which exceeds the resistance in the duplicate ratlo of the velocity, by
that which is the ratio of the velocity, than to that, which , is
only in the duplicate ratio.”
The experiments of Mr. Dalton, confirm the premises of
Mr.
Robins, chat the elasticity of the gases produced from
a given quantity of powder, is equally increased by heat
and diminished by cold as that of atmospheric air. Hence,
as we before remarked, and from direct experiments, he concludes that the elastic fluid produced by the firing of gunpowder, is nearly three-tenths of the weight of the powder
itself, which, expanded to the rarity of common air, is
about 244 greater than the elasticity
of common air, or in
To this,
other words, than the pressure of the atmosphere.
however,
must be superadded the increase of expansive
power produced by the heat generated,
which is very intense. The mere conversion of confined powder into elastic
vapour, would exert against the sides of the containing vessel, an expansive force 244 times grcatcr than the elasticity
of common air, or, in other wordy, than the pressure of the
atmosphere.
If the heat, for the expansion of the gases,
should be equal to that of red-hot iron, this would increase
the expansion of common air, (and also of all gases) about
four times, which in the present instance would be as we
stated in the preceding pages, 244 to nearly 1000; so that in a
general way it may be assumed, that the expansive force of
closely confined powder at the instant of firing, is 1000 times
greater than the pressure of common air; and as this latter
is known to press with the weight of 14 3-4 pounds on every
square inch, the force of explosion of gunpowder
is 1000
times this, or 147.50 lbs. or about six tons and a half upon
every square inch. This enormous force diminishes
in
proportion as the elastic fluid dilates, being only half the
strength when it occupies a double space, one-third
of the
streugth when in a triple space, and so on.
‘There is one more fact worthy of notice, that *Mr. Robins
found the strength of powder to be the same in all variations
of the density of the atmosphere, but not so in every state
of moisture, being much impaired by a damp air, or with
powder damped by careless keeping, or any other cause; so
that the same powder which will discharge a bullet at the
rate of 1700 feet in a second in dry air, will only propel it
about 1200 feet when the air is fully moist, and a similar
difFcrence was observed between dry and moist powder. The
sum of these remarks, with the nesesswy illustrations, may
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be found in the extract we have given from Gregory’s
Mechanics.
Before we mention the different modes of proving powder,
we will offer some remarks respecting the use of sulphur in
gunpowder.
The conclusioas on this head are drawn from
the experiments made at Essonne, near Paris.
The sulphur is not (properly speaking) a necessary ingredient in gunpowder, since nitre and charcoal alone, well mixed, will explode; but the use of the sulphur seems to be to
diffuse the fire instantaneously
through the whole mass of
powder.
But, if the following
experiments are correct, it
should seem that the advantage gained by using sulphur in
increasing the force of explosion only applies to small charges;
but in quantities of a few ounces, the explosive, or at least the
pmjecting
force of powder without sulphur, is full as great
as with sulphur.
The following are a few out of many trials made at the
Royal Manufactory
at Essonne, near Paris, in the year 1766,
to determine the best proportions of all the ingredients.
Of
powder made with nitre and charcoal alone, 16 of nitre and
4 of charcoal was the strongest, and gave a power of 9 in
the eprouvette.
With all three ingredients, 16 of nitre, 4 of
charcoal, and 1 of sulphur, raised the eprouvette to 15, and
both a less and a greater quantity of sulphur produced a
smaller effect. Then diminishing
the charcoal, a powder of
16 of nitre, 3 of charcoal, and 1 of sulphur gave a power of
17 in the eprouvette,
which was the highest produced by any
mixture.
This last was also tried in the mortar-eprouvette
against the common proof powder, and was found to maintain a small superiority.
The powder made without sulphur
in the proportions above indicated was also tried in the mortar-eprouvette,
and with the following singular result: when
the charge was only two ounces it projected a sixty pound
copper ball 213 feet, and the strongest powder with sulphur
prqjected it 249 feet; but in a charge of three ounces, the
former projected the ball 075 feet and the latter only 472 feet;
and on the other hand the great inferiority
of force in the
smaller eprouvette of the powder without sulphur has been
just notioed.
It is a fact, known from time immemorial, that by the combustion of bodies caloric is generated, or chemically speaking, is given out in a free state; but the cause was not known
until the anti-phlogistic
theory of chemistry was established,
which abolished as untenable the old doctrine of phlogiston:
The quantity of caloric, which passes from a latent to a free

state in combustion, as combustion
is nothing
more than the
phenomena occasioned
bv this transition,
is variable;
and depends therefore
on the iubstances
burnt, and the nature sf
what is denominated the supporter
of combustion.
The experiments
of MM.
Lavoisier
and Laplace have
shown the quantity of caloric produced
by the combustion
of different substances by the calorimeter, a table of which
may he seen in Thenard.
( <Erait& de Chimie,
kc. t. i, p. 81).
From this table it appears,
that while d mixture of one
pouud
of saltpetre
with one pound
of sulphur
liquefied, by
its combustion, thirtv-two
pounds of ice, one pound of hydrogen gas melted 313 lbs. phosphorus 100 lbs. and the same
quantity Of charcoal 96.351 lbs.; and by the detonation
of a
mixture of one pound of saltpetre
with 0.3125 lbs. of charcoal (French weight) melted only 12 lbs. of ice.
II-I the table of the elevation of’ temperature by the comthe caloric being comtnunibustion of different substances,
cated to water, (Them&,
Trait9 de Chink-, vol. i, p. SZ), it
appears, that by the combustion of equal weights of hydrogen gas, phosphorus, charcoal, and oak, the caloric produced
was as follows:
Hyi-hogen
23,400*
Phosphorus
- 7,500
Charcoal

-

-*

-

-

-

-

7,226

Oak wood
m
v
3,146
’
Th e reader may find some interesting calculations on this
subject in Biot’s Traits de P/zysit;lz(r, 8~. tome iv, p. 704,
and 716.
Wappears also, that in the combustion of one pound of hydrogen
gas, sis pounds
of oxvgen were consumed,
and according to Crawford’s experiment the caloric given out melted 480 lbs. of ice.
One pound of phosphorus requires {or
combustion ozg_ znd a half pounds of oxygen gas; one pound
of charcoal , -A;
‘-, and one pound of sulphur, 1.36. See Thomson’s +fstem of Chcmzzstrzj, vol i, p. 133.
While noticing this subject we may remark, that in cornbustion heat and light, according to the Lavoiserian doctrine,
are given out from the oxygen gas, while the oxygen unites
with the combustbile body: which has since been modified
by supposing, that while caloric is evolved from the gas, the
light is emitted from the burning
body,
There are some
facts contrary to the received theory of combustion;
that of
gunpowder
furnishes one. We have also another instance in
the combustion of oil of turpentine
by nitric acid.
Gunpowder
will burn with great avidity in close vessels, or
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under an exhausted receiver, and we know that the oxygen
is alreirdy combined with azote in the nitric acid of the nitrate
of potassa, and consequently not in a gaseous but a solid state;
pet we also know that a great quantity of caloric and light
are emitted during the combustion,
and nearly all the products arc gaseous. The other anomaly is, that as combustion is produced by pouring nitric acid on spirit of turpentine,
the oxygen being already combined with azote, caloric and
light are evolved b! the mixture of the two fluids, from which
it is inferred, that oxygen is capable of giving out caloric and
light, not only when liquid, but even after combustion.
In
the instance of gunpowder, in order to explain the combustion which takes place independently
of atmospheric air, or
any aeriform supporter, “the caloric and light,” in the opinion
of Dr. Thomson, (C/zemistry, i, 128) “must be supposed to
be emitted from a solid body during its conversion into gas,
which ought to require more caloric and light for its existence in the gaseous state than the solid itself contaiued.“BIr. Lavoisier
(Elements of Chemistry, p. 157,) obst>rves,
that he and M- De la Place de&grated
a convenient
quantity of nitre and charcoal in an ice apparatus, and found that
12 lbs. of ice were melted by the deflagration of one pound
of nitre.
After givin, m the proportions of acid and alkali in
\ nitre, and the quantity of oxygen and azote in the acid, he
3 observes, that during the deflagration,
1-U l-3 grains of carbon have suff‘ered combustion along with ~738.34 grains of
oxygen; and as 12 lbs. of ice were melted, one pound of
oxygen burnt in the same manner would have melted 29.5832
lbs, of ice. To which, if we add the quantity of caloric retained by a pound of oxygen, after combining with carbon tCr
form carbonic acid gas, which was already ascertained to be
capable of melting 29.13844 lbs. of ice, we shall have for the
total quantity of-.caloric remaining in a potind of oxygen when
combined with nitrous gas in the nitric acid, 58.72164;
which
is the number of pounds of ice, the caloric remaining in the
oxygen in that state is capable of melting.
In the state of
oxygen gas it contains at least 66.66667.
M. Lavoisier
infers then, that the oxygen -in combining with azote to form
nitric acid, only loses 7.94502, and that ‘&this enormous
quantity of caloric, retained by oxygen in its combination
into nitric acid, explains the cause of the great disengagement,
of caloric during the deflagration
of nitre; or, more strictly
speaking, upon all occasions of the decomposition
of nitric
acid.”
This view of the subject may enable us to explain
the production of caloric, in those cases of combustion which

’

cannot be explained
6n the ordinary principles; and, with
regard to gunpowder, the accension of oil of turpentine by
nitric acid, and similar cases, we may conclude, as the only
rationale which stems applicable, that it is nothing more than
the transition of caloric from one state to another, from a
latent to a free state. Ue this as it may, the combustion in
such instances furnishes an anomaly to the already established doctrine, of the absorption of oxygen, or the base of the
supporter, and the evolution of caloiic from the gas, and not
from the combustible; or, in other words, the chani;e of caloric
in the supporter from a combined
to an uncombinrti
state.
The idea of lutent
heat may be had from Dr. Black’s 0~11
expression
(Bluck’s Le~tz~cus by tiobinson:)
“By this discovery, ” says the doctor, “we no& see heat susceptible of fixatlon---of’ being accumulated in bodies, and, as it were, laid
by till we have occasion for it; and are as certain of getting
the stored-up heat, as we are certain of getting out of our
drawers the things we laid up in them.”
&Iurray’s System
of Chemistry,
zd edition, 11.3~38, and Watson’s Chemical Essays, vol. iii, 8;~. may be consulted on this subject with advantage.
See bztsmkctio~2.
We will consider, in the next place, the subject of gunpow&r
prooJ:
The first examination
of gunpowder
is by
s&bin-g
it in the hands, to find whether it contains any irregular hard lumps. If it is too black, it is a sign that it is
moist, or else, that it has too much charcoal in it; so, also, if
it more than good
rubbed upon white paper, it blackens
powder does; but, if it be of a kind of azure: colour, it is a
good indication.
If on crushing
it with the fingers,
the
grains break easily, and turu into dust, without feeling hard,
it is a criterion, that it has too much co:rl; or, if in pressing
it under the fingers upon a smooth hard board, some grains
feel harder than the rest, it is inferred that the sulphur is not
well mixed with the nitre. By blasting two drachms of each
sort on a copper plate, and comparing it with approved
powder.
In this proof it should not emit any sparks, nor
leave any beads or foulness on the copper.
The method of
6urni~2g,
which is commonly employed, Mr. Robins observes,
is to fire a small heap on a clean board, and to attend nicely
to the flame and smoke it produces, and to the marks it
leaves behind on the boards.
Another trial of powder is to expose it to the atmosphere. One pound of each sort, accurately weighed, is exposed to the atmosphere for 17 or 18 days; during which
time, if the materials are pure, it will not increase any thing

material in weight, by attracting moisture from the air, iPne
hundred pounds of good powder should not absorb more
than twelve ounces, or somewhat less than one per cent. See
Nr. Coleman’s account of the manufacture
oi powd-itr in
England, page 110.
TO determme the strength of powder in the easiest manner, is by comparing its e&t
with improved powder; as,
for instance, by using a given aveight of powder, as two
ounces, and discharging a ball of a kr,o~n weight, say 6~
pounds, from an 8 inch mortar.
l’he best cylinder powder
generally gives about 180 feet range, and pit 180, with a ball
and charge of the above weights; but-the weakest powder,
or powder that has been reduced, L~c. only from 107 to 117
feet.
The practice adonted in Erlgland, we are told, is, that the
merchantpowder,
before it is rcceiverl j::to the king’s service,
is tried &$rst powder of the same kinc9 made at the king’s
mills, and it is received if it gives a range of 1-20 less than
ahe king’s powder, with which it is compared.
Pn this comparison, both sorts are tried on the same day, and at the same
he,
md un. ‘m exactly the same circumstances.
James (,TfiPy Dictianc~~/, p+ 34s) remarks, that the proof
of powder as practised by the bc~rd of ordnance, besides
that of comparing
it by ccamh~~ti~~~: OIP paper, is that z
drachms, when put into the eproutctte, must raise a weight
of 24 pounds to the height of 3 I-2 inches.
According to Bottee and Riffault, before gunpowder is re:ceived into the arsenals of France, for service, it undergoes
a variety of proofs; and the instructions for that purp>s:: arc
contained under forty-two
heads, embracing,
at the sam:
time, the specific duties of the officer employed for that se1 vice. The principal points, however, refer to a standard
proof, made with the eprouvette,
and differ, in no essentiai
part, from the methods practised elsewhere.
There is :>
uniformity
in the French service, which cannot but be adIn every thing which relates to the ordnance espzmired.
cially, even in the most minute details, the French, withou:.
doubt, exceed any other nation
Having
examined the different kinds of proof, not onI>for gunpowder,
but for cannon and small arms, as established by an act of parliament, it appears, that mus!:et powde:A charge of four
undergoes another description of proof.
drachms of fine grain or musket powder in a musket bar&should perforate, with a steel ball, a certain number of hali
inch wet elm boards, placed 3-4 inch asunder, and the 5 r: ’
T
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39 feet IO inches from the barrel. The powder manufactnred
at the Royal Powder Mills generally passes through fifteen
or sixteen, and restored powder, from nine to twelve.
There are other contrivances made use of, such as pozvdertriers, acting by a spring, commonly sold at the shops, and
others again that move a great weight, throwing it upwards,
which is an imperfect kind of eprouvette.
is a
Dr, Hutton is of opinion, that the best eprouvette
small cannon, the bore of which is about one inch in diameter, and which is to be charged with two ounces of powder,
and with powder only; as a ball is not necessary; and the
strength of the powder is accurately shown, by the arc of the
gun’s

recoil,

The whole machine is so simple, easy, and, expeditious,
that, as Dr. Hutton remarks, the weighing of the powder is
the chief part of the trouble; and so accurate and uniform,
that the successive repetition, or firings? with the same quantrty of the same sort of powder, hardI\. ever make a difference
in the recoil of the one-hundrecb p:‘~.; of itself*
Gregory ( rfi.eatisc of ~%ci:anics, vol. ii, p. 178) has given
a more particular description of the eprouvette of Dr. Hutton; namely, that it is a small brass gun, 5?l-2 feet long, suspended by a metallic stem, or rod, turning, by an axis, on a
firm and strong frame, by means of which, the piece oscillates in a circular arch. A little below the axis, the stem divides into twobranches,
reaching down to the gun, to which
the lower ends of the branches are fixed, the one near the muzzle, the other near the breech of the pirce, I‘he upper end
of the stem is firmly attached to the axis, which turns very
freely by its extretnitles in the sockets of the supporting
frame; by which means, the gun and stem vibrate together
in a vertical plane, with a very small degree of friction.
The charge is the same we have mentioned, usually about
two
ounces, without any ball, and then fired; by the force of
the explosion, the piece is made to recoii or vibrate, describing an arch or angle, which will be greater or less, according to the quantity or strength of the powder.
To measure the quantity of recoil, and consequently the
strength of the powder, a circular brazen or silver arch of
a convenient extent, and of a radius equal to its distance below the axis, is fixed against the descending two branches of
the stem, and graduated into divisions, according to the purpose
required by the machine: oiz.
1st. Into equal parts, or degrees, for the purpose of determining the angle actually described in the vibration.

2nd. Into equal parts, according to the cI2on.h,
being, in
fact, 100 times the double sines of the half angles, and running up to 100, as equivalent to 90 degrees.
3d. Into unequal parts, according to the versed sines; they
are, in truth, 100 times the versed sines of our common tables, 141 1-2 corresponding
with 90 degrees. These serve to
compare the forces.
The divisions in these scales are pointed out by an index,
which is carried on the arch during the oscillation, and then,
stopping there, shows the actual extent of the xvibration.
TWO ounces of powder, give, on an average, according to
the experiments
of professor Gregory,
about 36 on the
chords, or about 110 on the arch. A more detailed account,
with diagrams, m;ly be seen, bv consulting Hutton’s Tracts,
Vol. iii, p. 153.
The e.prouvette constructed by the late Mr. Ramsden, differs from the preceding simply by the gun’s recoiling in a direction parallel to itself, instead of its vibrating
as a pendulum.
The gun is suspended by two hanging frames, which
serve to make it rise and fall, during its recoil and return,
so as always to retain the horizontal direction. The degrees
are measured upon a fixed arch, bv means of a moveable index, nearly as in Dr. IHutton’s
t,prouvette.
are small
We remarked, that the coI~~rnun powder-triers
strong barrels, in which a detcrmimlte quantity of powder is
fired,
and the force of expansion measured
by the action
excited on a strong spring, or a great weight.
‘The French
eprouvette is usually a mortar of seven inches (French) in
caliber, which with three ounces of powder sho&l throw a
copper globe of sixty pounds weight to the distance of XXI
feet. No powder is admitted that does not answer this trial.
This eprouvette,
however, has been improved, as we shall
mention hereafter.
These methods have been objected to,
the former because the spring is moved by the instantaneous
stroke of the flame, and not ty its continued pressure, which
is somewhat
different; and thd other, on account of the tediousness attending its use, when a large number of barrels
of powder are to be tried.
J. Bodington
of London, invented a machine to try the
force of gunpowder.
WI. the chevalier d’Arcys
made an
eprouvette
on the principle of Mr. Robins.
IM. Le Roy
proposed to employ the different elastic forces of inflammable air, but his method has never been used. M. Tresnel
also proposed an eprouvette,
which was announced in the
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French journal, entitled X~~l’les
de In Kepublique
dcs Lettres rt P!C.Ftfrts, par M. de la Blancherie, for 1782, p. 1’30.
It is hardly necessary to observe, that the eprouvette has
undergone some im!~rov~:m:.nts: thus, the eprouvette of Darcy consists of a cannr~n suspel:ded
at the extremity of a bar
of iron, and the graduated
arc measures the recoil; the
eprouvette of Regnier is nearly the same, and the arc determines the force of the powder.
A description
of mortar-eprouvettes
generally, may‘ be
seen in the work of MM. BottCe et Riffault, (‘frnztt
SW Z’urt
de Fabriquer
la poudre CzCUPZO~Z,)
aud in the Nlemoirs of Proust
(Journal

de Physique,

tome Ixx,

I saw a model of an improved

t-t suiv.),

kc.

eprovette, which appeared
to possess every advamage,
at-the OI$U+X
Arsenal near
Albany; an index hand moved in an arc.
Quicklime
is said to increase the force of powder.
Dr.
33aine says, that three ounces of pulverized quick-lime being
added to one pound of gunpowder, its force will be augmented one-third; shake the whole together, till the white colour
of the lime disappears,
The preservation
of gunpowder
in properly construcied
mag:3zines, of which we will have occasion to speak hereafter, is a subject that should claim our attention.
The
greatest difliculty, if any, exists at sea, and on this head we
havt: a variety of opinions.
Mr. James (Ji?ilitary
Dictionary,
p. 348) says, that it has
been recommended
to preserve gunpowder
at sea by mt’ans
of boxes lined with sheet-lead.
M. D. Gentian, a naval officer, tried the experiment by lodging a quantity of gunpowder and parchment cartridges in a quartc-r of the ship which
was sheathed in this manner.
After they had been stowed
for a considerable time, the gunpowder
and cartridges were
found to have suffered little from the moisture; whilst the
same qua!ltity, when lodged in wooden cases, became nearly half destroyed.
Pt has been recommended
to line powder magazines with
Ipad, as a mean for preserving
the powder from dampness.
.L‘he lead, it seems, so far attracts moisture, as to condense
rjf the American
it. En the last volume of the ?ransactiom
Phii3sophicuZ
Society,
is a memoir on feaa’~n cartridges, by
\Vrn* JonlAs, Esq. the late secretary of the navy, which, besides preserving the powder, has advantages over either paper or fiannrl.
See Magazine.
CVhat is termed the analysis ofgunpowder,
is nothing more
than the separation of its component parts, and determining

the relative proportions
of its respective ingredients,
We
may indeed examine the quality of the nitrate of potassa, by
dissolving a portion of powder in distiLled water, and employing the reagents mentioned under the head of nitre; but
for the purpose of separating, as weli as determining the proportion of saline matter, charcoal and sulphur, it may be
rendily xcomplishecl in the i;,Uowing manner: Take a given
quantity of gunpowder and &use it in distilled water suf&cient to dissolve the salt- , after suffering it to remain for some
time, applyin, m heat to assist the solution, &cant the whole
iipon a filtt3 of unsized paper. The sattretre anti other sa!ine tnatter will pass through, and the sulphur and charcoal
r*emain on the filter.
By evaporating
the solution to dryness, and weighing it, the quantity of saltpetre will be found;
or, after <II-j i:r{; I!?:, mass on the filter, and weighing it, by
subtracting its weight from rh:~t of‘ the original, it will give
the loss SU~GX~,
which o!‘ c~~u~s~*ir, th, saltijetre.
1Bv exe
posing the mass to a heat sufficient to n:vtjpc)ratc the su~-~~hur,
It will be expelled; the loss sustained wii’r indicate its quantit>-, ;-lnd the weight of the residue the proportion
of
charcoal.
The sull>hur mav be even separated by subjecting ‘gunpow~!er it5,:ii to the action of a well regulated heat;
it will sublime, anti /earc the nitre and charcoal.
It takes a
much higher temperitture PO in&me gcmpowder than is required to vola5lize sulphur.
I IAC tllt<ti-.rjd oi estmcting
the
nitre from damaged powder, WC: i.1;1L?vt2 dreZd!,
iloticed,
See
nitre.
This process also depends on the &lubi!itp
of the
of the charcoal and sriphur.
nitre, and the insolubility
Bishop Watson, in his Chemical
Essays,
proposed the examination of gunpowder by solution and sublimation; a pro*.
cess sufficiently accurate.
If it should be our object to ascertain the presence and quantity of foreign substances, in
the saltpetre, this may be accomplished by following the process already given, VIZ: by collecting the precipitates, &c,
determining
their weights, and making the necessary allowance, for the new compounds, as the carbonates of lime, sulphate of barytes, muriate of silver, and the like.
Baumi proposed the analysis of powder by sublimation,
in order to separate the sulphur, using however a graduated
heat. Another mode consists in distrlling the powder in a
retort with water, and collecting the sulphur and sulplruretted
hydrogen
gas, and then separating the charco;zl, &c. A
third process was recommended by P&tier,
after the separation of the nitre, by subliming
a mixture of the residue
The
with mercury, which, however, presents no advantages.
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use of nitric acid has also been recommended,
in order to
acidify
the sulphur.
For this purpose nitric
acid is poured
on the residue,
and the whole is digested
for some time, renewing the acid as it is decomposed.
By this means the
carbon, as well as the sulphur,
is acidified,
and carbonic
acid
gas with deutoxide
of azote are disengaged,
leaving
the
sulphuric
acid formed
by the union of oxygen with the sulphur, in the remaininq
fluid, from which it is separated
by
nitrate
of bsrytes, and its quantity
ascertained
by the sulphate of barytes produced.
The proportion
of sulphur,
in
the sulphuric
acid, is then calcuhlted.
Caustic potassa has been emplo\pcd
for the separation
of the
sulph~~r from the charcoal.
It unites with the sulphur,
forming a sulphurrt
; and as sulphuretted
hydrogen
gas is also
produced,
the sulphuret
must likewise
contain
the hydroguv
The charcoal is not acted upon.
retted sulphuret
of potassa.
31. Vito Caravelli,
professor
of chemistry
at Xni’les,
(Elfments d’drtillerie,
1773,) has given a more simple
process
for the separation
of these subs~ *~‘ICCS, which depends on their
specific
gravity.
W’hen
mlseti
with
water,
tlte sulphur
will deposite,
and the charcoal
Aoat on the fluid.
Vnuquelin
directed
his attention
to this subject,
and has
reco!nn;endc-cl
vdrious processess,
not only for the separation
of thr suiphur
and charcoal,
but also the nitre.
The process of Smithson
Tennant
is nearly
of the same
nature.
The separation,
of sulphur
frcm charcoal
may bc eif”ectcd
more
perfectly,
according
to Brande,
1,~ introducing
the
mixture
into a small retort furnishl=ci
with‘ a stop cock, exhausted,
a:ld filled with chlorine
gx; the chlorine
will unite
with the sulphu!-,
forming
a chloride,
and leave the charcoal,
which may be washed, dried, and weighed.
Baumi:
found, that when all the sulphur
is expelled
which
will be driven off in the heat, a certain portion
will still remain, and not burn away at a lower temperature
than will consume the charcoal;
so that to the last the burning
residue will
smell strongly
sulphurous.
This retained
portion
of sulphur
he fintis, by the results of many other experiments,
to be very
UnifcJrniy
about one-twenty-fourth
part of the whole sulphur
emph~yed;
whence,
for all common
purposes,
an adequate
correction
may be made, by estimating
that the slow weak
combustion
of the residue,
after the nitre has been extracted,
destro\s
only 23 %ths of the sulphur
instead of the whole,
On try’iuq to separate
them by an alkaline
solution,
he found
some bf the sulphur
to remain
undisturbed,
and still adhere

ing to the charcoal.
In consequence of this circumstance,
it is recommended, to insure a perfect analysis, to separate
the nitre in the first place from gunpowder,
by hot water,
and to treat the residue with nitric acid. After the sulphur is
acidified,
the addition
of nitrate or muriate of harytes
will separate, egectually, the sulphuric acid from the fluid,
and form a sulphate of barytes; this being collected, washed,
dried, and weighed, will give the quantity of sulphuric acid,
and of sulphur in the acid, by the ~~11 kr~own proportion
of
One hundred
acid in the s&, and of sulphur in the acid.
parts of sulphate of barytes, when perfectly dry, indicate
fourteen and a half parts of sulphur; or, which is the same,
according to Chezevix, one hundred and fifty-five grains denote twcnLy-two ;inrl a half grains of sulphur.
The observations of 111. Champy and professor Proust on
humid ~rwder, seem to place ti-ic ~1.
2’ .,_
lntitj.
Ofwat~r
:lLSOrl~ed,
at 8, 10, and 1’4$er cent. These proportiolls,
it is eviclt-lit,
depend greatly on the qi-?ality of the nitre; and i!’ dclrquc~scent salts exist in any qugntity, the absorption, 2nd comeChemical
quently
the increase of weight must be greater.
examination will readily determine this fact.
The different
sorts of gunpowder
are usually distinguished by marks on the heads of the barrels. Gunpowder
marks are various.
All gunpowder fey service is mixed in
proportions
according
to its atre~gh,
so as to bring it as
much as possible to a mean and u;~iio~rn i‘orcc. This sort,
GL:IIIW-,)
is
of powder, says Adye, (Bomburdicr and Pockt
marked with a blue L, G. and the figure l-2; or with F. I-O,
G. and the figure 3, whose mean force is from ISO to 160
of the eprouvette.
This is the powder used for practice, for
experiments 9 and for service.
‘l’he white L. t;. or F. G. is
a second sort of powder of this quality.
It is sometimes
stronger but not so uniform as the L, G. It is, therefore,
generally used in filling shells, or such other things as do not
require accuracy.
The red L. G. F. G. denotes powder in
the British service, made at the King’s mills, with the coal
made in cylinders, and is used at present only in particular
cases, and in comparisons, and to mix with other sorts to
bring them to a mean force,
The figures 1, 2 or 3 denote
that the powder is made from saltpetre, obtained from the
rough.
Other marks are also in USC to designate the rifle,
musket, cannon powder, and the like.
Powder merchants recover damaged gunpow&r,
by puttiag a part of the powder on a sail cloth, and adding an equal

quantity of good powder,
the mixture is then dried.
Sec.
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Of Lampblack.

Lampblack, which is nothing more than a finer kind of
coal, is so named from its being produced and originally
made by the combustion of oil in lamps. It is hardly necessary to say, that it is formed in the combustion of turpentine,
various species of the gnus, tar, pit&, rosin, stc. as all these
substances yield it Marc or less, and of different
qualities.
It is the result of imperfect combustion; for, if the gembustion tvere rapid, and the smoke itself consumed,
we
odd
then have only carbonic
acid. This
fact-is exemplified
in the argand lamp, -which, on *account of the glass cylinder,
consumes its own smoke. The process of forming
la~n$~l:~Clr
is conducted in lampblack
houses.
After the ccmbustion has
ceased, the soot or lampblack is swept down, as it collects
above and on the sides of the room.
When it is obtained
by burning the dregs an d coarser parts of tar, furnaces of a
particular construction
are used. The smoke is conveyed
through tubes into boxes, each covered with linen, in the form
of a cone. Upon this linen the soot is deposited, from which
it is, from time to time, beaten off into boxes, and afterwards
packed in barrels for sale. There is also a very fine black,
superior in many respects to lampblnck, especially in making
the ink for copperplate printers, prepared by c,mrbon~sing
grape stalks, B;c. in close iran v(:‘sscls.
There are two kinds of !smpblack in common use, (SW is
the light soot, from burning wno~l, of the pint and other r-csinous kinds, usually made in Swt;dcn,
In Sw?dt:rl tire impure turpentine is aiso burnt for this p~~rpos~~~ It is collected from incisions made in pine and fir-trcr~s, :tntl tht: turpentine is bolled down with a small quantitJr of watt:‘, :md strained, while hot, through a hag; and while this part is used for
another purpose, the dregs and pieces of hark remaining in
the
strainer, are burnt in a low oven, whence the smoke is conveyed thraugh a long passage into a square chamber, which
contains a sack, as above stated, where the greater part of the
lampblack collects, and the remainder is cm&t
in the chamber.
The other kind of lampblack is formed by carbonization,
a process similar to that for preparin;: the black, called blue6lack, from grape stalks, or for preparing the German black,
a pigment made hv charring principally the lees of wine am!
bUSks of grapcc. ’

,
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Eampblack-Soot.

The lampblack made in Philadelphia,
for the purpose of
printers’ ink, is prepared by the combustion of tar. One barrel of Carolina tar will produce forty pounds of soot or
lampblack.
A patent was granted 1798 to a Mr. Row, (Keposztory of
Arts, vol. x.) for a newly invented mineral lampblack.
It is
nothing more than the smoke obtained by the combustion of
pit coal. In the county of Sarrbrook on the Rhine, are some
establishments for making coke and lampblack at the same
time; and from 100 lbs. of coal, 33 lbs. of coke, and 34 of
lampblack are obtained.
Jeanson (Archives des Decouvertes,
8~. i, p. ~1) has described a process for carbonizing oil.
Lampblack has the same chemical properties as charcoal,
and being remarkably fine, and containing sometimes a portion of oil, is used on that account in the composition of some
fire-works.
Its quality may be known by its colour, and,
when burnt, leaving no residue.
It may be sufficient to remark, that like charcoal, it decomposes nitric acid; and the
nitrates, when mixed with it, and projected into a red-hot
It
crucible, will deffagrate or produce a vivid combustion.
may therefore be used in all kinds of fire-works, in which
charcoal is employed. Concentrated nitric acid, when poured
on lampblack, previously dried, will produce combustion. It
is to the carbon, as well as the hydrogen, in oil of turpentine,
that turpentine inflames when brought in contact with nitric
acid; and although much charcoal is deposited, yet a considerable part passes off in the state of carbonic acid gas. By
a proper treatment, lampblack like charcoal may be converted into artificial tannin by nitric acid. It has also antiseptic
qualities; but to be used for this purpose it should first be
exposed to heat, in order to drive off any oil which it may
have contracted, or with which it might be contaminated.
The quality of lampblack may, we suspect, be improved by
bringing it to a state of ignition in close iron vessels. li If required intensely black, as for the making of printers’ ink,
this process might be advantageously
used. Mixed with
gum water, it makes a durable writing ink, or, according to
Mr. Close, by mixing it with a solution of copal in oil of lavender,
This ink is not, like the common kind, acted upon
by acids.
Sec.

IX.

Of

Soot.

Soot, or that substance formed by the combustion of wood,
&c, which collects in chimnies, is used in some of the pprou

technical preparations, partly to assist the flame, and partly to
modify its appearance.
It is found, that soot, produced by
the combustion of wood, is formed by the condensation of
the carbon evolved in the smoke. It also contains volatile
products, the nature of which, depends on the kind of cornWood-soot is considered a good manure, on acbustible.
count of the carbon and some volatile salts,it is said to contain. That it contains ammonia, is evident, since it may be
and that this alkali is combined with
detected by experiment;
carbonic acid, and sometimes with muriatic acid, a number
of facts prove.
Soot, then, when used in fire-works,
may,
like sai ammoniac, but in a lesser degree, produce a particular
coloured flame.
When soot is well washed in water, in order to free it from saline and other soluble matter, and prop
bably from pyroacetic acid, and then pulverized,
it forms the
pigment called bzstre. It is a fact, that the excrement of
some animals, the camel for instance, which feed on saline
vegetables,
when burnt, will yield a soot, which contains
an abundance of muriate of ammonia, or sal ammoniac.
Hence, by re-subliming this soot, sal ammoniac was originally
prepared in Egypt.
‘l’he quantity of muriate of ammonia,
contained in the soot of camels’ dung, is considerable.
It is
found that 26 lbs, of soot yield on an average 6 lbs. of that salt:
See &PalAumorLiac.
Camels’ dung, and in fact the dried excrement of animals, furnish a very good fuel.
In Eg\ pt it
The soot of oil, kc. is of a clifferis used with advantage.
cnt kind; it is the substance, which forms our lampblack.
Sec. X.

of

TuQmti72e,

Rosin, and .Pitch.

All these substances enter into the composition
of firekvorks, either to increase the rapidity of combustion, as in incendiary fire-works, or, in some cases, as with rosin, to produce a coloured flame. That they contain carbon and hydrogen, as their principal ingredients,
is well known; to
which we may attribute their rapid combustion, and the facility with which they dtcompose nitrous salts. The Greek
fire, for example, owed, it is said, its powerful effect to turpentine, which, with other substances employed, made the
composition remarkably inflamrua?Ac, and the decomposition
of the nitre, (which &rn-%
L say it contained) so rapid, as even
to defy the action of water.
-411 of the turpentines ar c obtained from different species
of pinus.
Common turpentine i Gthe resinous juice, which
exudes chiefly from the Pinus Sylaestris, or Scotch fir, and
is obtained by boring holes into the trunks of the trees, early

SEC.
x.-j

Turpentz’nc, Rosin, and Fetch.

in the spring, and placing vessels beneath for its reception,
This turpentine, and ‘in fact all others, are composed of rosin
and a volatile oil. The latter is obtained by disiilling the turpentine with water. It passes over with the water, from which
it is afterwards separated, and is then known by the name of
the essential oil, or spirit of turpentine.
The substance,remaining in the still, is common rosin, or yellow rosin, known
Tar
likewise by the names of fic&rs
r-osin and colophony.
is also obtained from the roots ancl refllse parts of the fir
tree, by cutting them in billets, piling these in a proper manner, in pits or ovens, formed for the purpose, covering them
partly over, and setting them on fire. During the combustion, a black and thick matter, which is tar, falls to the bottom, and is conducte-if into bars-&.
Pitch is nothing more than tar boiled down to a solid
consistence; it is usually made, however, ?)y melting together coarse hard rosin, and an equal quantity of tar. The
ancient pitch possessed a flavour
and fragrance.
\‘C’hite
pitch is the same as the white turpentine,
Melted pitch, sulphur, and camphor, mixed, when nearly
cold, with pulverized
saltpetre, and afterwards thinned with
spirit of turpentine,
wriil form a composition,
that is very
A
inflammable,
and will almost resist the action of water.
similar composition
muvt have farmed the Greek fire, of
which, according to Beckman, there were several kinds.
The turpentine trees furnish various products:
‘I’hus, the
Pinus Abies, or spruce fir, yields the Burgundy pitch, and its
branches produce the Essence of Spruce;’ but other species
of pinus are used for the same purpose, which are uctarly
allied to it, and which grow abundantly in Canada.
From
the PZ’IZUS Zaryx, or larch, Venice Turpentine
is obtained;
but that sold, is usually made by melting rosin, and adding
the spirit of turpentine.
From the sap of the larch, the
Russians prepare a gumm!’ substance, known in Russia by
the name of Orenbw*g gum.
‘Turpentine
is extracted in
France, in great quantity, from the pinus marutima. Gallipot,
colophony, tar, pitch, &c. are likewise obtained from it.
‘The turpentine of cedar, according to Dr. Pocoke (‘fraeels ths*0r~~y/2
Egypt) was employed by the Egvptians for embalming, tile operation being performed
in se-Vera1 ways. It
was injected, and used with salt, nitre, 8x.
Pitch, tar, and turpentine
all enter into sundry compositions, used in war. The different incendiarv preparations,
noticed in the last part of the work, are composed, in general, of either one or all of these substnnces. Their use is obvious. Being very inflammable, and ixought in roT: tact wit!-
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gunpowder, nitrate of potassa, &c., they burn with great rapidity, and consume every thing before them.
Hence the
tourteaux of the French, tarred links, and fascines, carcasses, &c. owe their effect to the presence of these subStances.
Rosins are considered to be volatile oils, saturated with
oxygen.
Thus, or frankincese, of which there are several varieties,
has been long used in fire-works;
it is frequently employed
in the composition of odoriferous
fire. It is obtained from
the pinus abies, and appears in tears. During winter, the
wounds made in fir trees become incrusted with a brittle
substance, called ban-as or gallipot, consisting of rosin united with a small portion of oil. All rosins, according to the
(Recherches
experiments
of Gay-Lussac,
and ‘Ihenard,
physico-chimiques)
are composed of a great quantity of carbon and hydrogen, united with a small quantity of oxygen.
TO this, we attribute their great inflammability,
and it enables us to account for the rapid decomposition of nitre, in
those preparations, in which nitre and resinous substances are
employed. See General Theory of Pyrotechny, sec. ii.
For the accension which takes place by mixing oil of turpentine and nitric acid, see the properties of nitric acid, under the head of nitre.
Morey (Silliman’s Journal, vol. ii, p. 121) observes, that
a small quantity of spirit of turpentine being added to a
mixture
Of iron-filings,
sulphuric acid, and water, the hydrogen gas produced, will burn with a very pleasant white
flame, and without smoke. He also observes, that, if the vapour of spirit of turpentine be made to pass through a tube,
covered at the upper end with a fine wire gauze, it burns
with tnuch smoke; but, if a quantity of atmospheric air be allowed to mix with it, the smoke ceases, and the flame continues white.
If more still be added, the flame lessens,and
becomes partly blue. By adding still more and more, it will
burn with a very small flame, entirely blue, and with a singular musical sound. If still more be added, the flame, and
every ray of light cease; but that the combustion still continues, is certain, from the explosive detonating noise, continuing to be distinctly heard.
&Ii-. *Corey further remarks, that, if tar, containing a
considerable proportion
of water, is dropped on brick or
metal, at a temperature, which will readily evaporate them,
the vapours will burn with white shooting streaks, much
flame, and without smoke, while the water lasts. Inflamed
drops of tar, burn, while falling, with a red flame, and mu&
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smoke; but, on reaching boiling water, the smoke instantly
disappears, and streaks of a white flame shoot up. He also
says, that, if water in one cylinder be made to boil, and the
steam be led to the bottom of another, c0ntainir.g rosin, or
after passing up through it, the
tar, at a high temperature,
water, together with the vapourized
portion of the rosin or
tar, will, when the preparations are properly regulated, burn
with an intense white
flame, and no smoke; much the greater
part of which appears, (by alternately shutting the steam out,
or letting it in) to be derived from the water; and also, that
if steam be led over the surface of tar in a cylinder, and
made to force out a small stream of it through a pipe, into
which a quantity of steam is also admitted, and made to mix
intimately with’it, they burn, with a great body of flame and
intense heat, and without smoke, provided the proportions are
well regulated. -These facts are remarkable, and may probably
lead to some useful applications. That water is decomposed,
If water is throw:l, in consiappears more than pTobable.
derable quantities, on oil or tar, in a state of inflammation,
as Morey observes, the flame is greatly increased; and if
ever so small a drop of water fall into oil- at a temperature
near boiling, an explosion will take place. He draws the following conclusion, from these circumstances; that we have
only to pass the steam of water through oil, heated to the
temperature, at which it boils, or takes fire, to produce combustion.
Xec. XI.
Of Common
Coal, 0~ Pitccnl.
All the variety of coals, belonging to the coal family, are
composed principally
of charcoal and bitumen, with small
quantities of earthy, and metallic matter.
Whether we consider the formation of coal, the localities or situation in which
it occurs, whether in beds or strlita, accompanying
other
minerals, such as clay-slate, bituminous schistus, sandstone,
&c. is of no moment, except so far as the situation in which
it is found, indicates or determines its character and qualities. The different kinds of coal owe their variety to the presence or absence of bituminous matter, whether great or small,
the quantity of the carbonaceous ingredient, and the presence
or absence of anthracite, and other foreign substances. Coal,
which is, or ought to be preferred in fire-works, should contain the greatest quantity of bituminous matter; and, while
it contains the due proportion of carbon, should be entirely
free from anthracite.
Coal, and all other inflammable fossils, are characterized by their inflammability,
insolubility in

water, alcohol, and acids, and by their specific gravity,

which scarcely exceeds 2. unless loaded with foreign matter.
Coal surcharged with bitumen, burns with a bright flame,
and, by distillation,
affords more carburetted hydrogen gas,
which is used for gas-light.
Common coal, or pitcoal, burns
in cakes, more or less, during combustion.
Besides charcoal
and bitumen, it contains sometimes pyrites, sulphate of iron,
and earth.
Slate-coal, however, contains more clay.
The collieries, from which pitcoal is obtained, are more
or less extensive in England, and elsewhere.
Immense beds
of coal are found near Pittsburgh, and Richmond.
‘Fhz Lehigh, and other localities in the United States, produce it also
in abundance, but of various qualities. Coal districts, or places in which it is found, may be considered a valuable acquisition to a country; and as cbal is so essential in many
manufactories,
it is a satisfaction to know, that our resources
in this particular,
are almost inexhaustible;-+
fact, which
shows, that, while our national industry is the nlain pillar 9f
national
independence, in its true acceptntion, the arts, which
require a supply of coal, will, for centuries to come, be abundantly furnished with it.
When coal is exposed to the action of heat, in iron retorts
or cylinders for the preparation
of coal gas, or when it is
exposed to heat in coke-ovens, the bitumen, &c. are disengaged, and there remains a coal called coke.
Coke, therefore, is nothing more than charred pitcoal.
Mr. Mushet made some valuable experiments on the carbonization
and incineration
of coals. He found that the
Scotch cannel-coal
afforded
56.57
volatile
matter, 39.43
charcoal,
and 4 ashes; while the stone-coal, found under basalt, gave 16.66 volatile matter, 69.74
charcoal, and 13.6
ashes, and oak wood, 80.00 volatile matter, 19.5 charcoal,
and 0.5 ashes. The quantity of gas, however, depends qytirely
on the quality of the coal. A temperature
of about 600“
to 7000 is sufficient to disengage it.
A pound of good
cannel coal, properly treated in a small apparatus, will yield
five cubic feet of gas, equivalent in illuminating
power to a
mould candle, six in the pound. One pound of coal, on R
large scale, affords only 3 l-2 cubic feet of gas. A gas jet,
which consumes half a cubic foot per hour, gives a steady
light equal to that of a candle of the abovementioned
size.
The cannel coal, known in Scotland by the name of parrot
coal, is very inflammable, takes fire immediately, and produces
a brilliant flame.
It is used by the poor as a substitute for
candles. This coal, we have seen, furnishes an abundance of
carburetted hydrogen gas. It has the appearance ofjet, and

admits of being turned in a lathe.
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Stone coal, Kilkenny coal, Welch coal, and glance coal consist almost entirely of charcoal; and hence, when laid on
burning
coals, they become red-hot, emit a blue lambent
flartx, in the same manner as charcoal, and at length are
wholly consumed, leaving behind a portion of red ashes.
Thev burn without smoke or soot.
,l’he pitch coal, which has a brownish-black
colour, and is
generally found massive in plates, the bovey coal, called
brown coal, and bituminous wood, with the anthracite coal,
and some others of lesser note, form the remaining varieties
of coal.
When coal is employed in fire-works, it is to be pulverized,
and sifted in the usual way. For some purposes it is preferred to charcoal, in consequence of the bitumen it contains,
which appears to contribute to the rapidity of the combustion.
It is to be observed, that, as the flax of coal is carbon, its action is the same as charcoal, and therefore, by proclucing the,
same effects, or nearly so, as charcoal itself, the phenomena
it presents are analogous.
As 12.709 parts of carbon, according to Kirwan, are required to clecompose LOO parts of
nitrate of potassa, we may readily ascertain the quantity of
real carbon in any specimen of coal. According to Kirwan,
50 grains of Kilkenn\- coal will decompose 480 grains of nithat ten grains
trate of potassa, from which it is inferred,
would have decomposed 96 of nitrate of potassa, precisely
the same quantity of charcoal, which wvm~ld have produced
the same effect. Therefore,
Milkenny coal is composed almost entirely of carbon.
Cannel coal, when treated in the
same manner with nitrate of potassa, left a residuum of 3.12
in the hundred parts of earthy ashes; and 66.5 of it were required to decompose 480 grains of nitrate of potassa, but 50
of charcoal would have been sufficient.
From this experiment, it appears, that 66.5 grains of cannel coal contain 50
grains of charcoal, and 2.08 of earth; the remaining
14.42
grains must be bitumen.
In a similar manner, by knowing
the quantity of coal required to decompose a given quantity
of nitrate of potassa, when melted in a crucible, the quantity
of carbon in any variety of this substance may be ascertained.
With respect to the earthy and metallic ingredients
of
coal, we may ascertain them by burning the coal, with free
access of air. What remains unburnt must be considered an
impurity.
Its weight may be ascertained, and its nature by
analysis.
As the object, however, is generally to determine
the relative
proportion
of combustible
matter, or carbon,
which different species of coal are capable of yielding, tha?
point may be determined in the manner already stated.

l

That coal originates from vegetables, whatever opinion
may be formed to the contrary, we may fairly infer from a
variety of vegetable remains, and impressions
of animals
that are both found in the strata of coal, and in earthy strata
above and below them. Of its submarine origin, there can
also be no doubt; or why do we find in it shells, the impression of fish, and other productions of the ocean? That coals
~TUX.J LiRe vegetables, an opinion with the uninformed, is contrary to fact, and the nature of things.
We may notice, in this place, another substance which
sometimes is found partially carbonized; we mean turf.
Turf or peat, obtained
from morasses, consists of a multitude or congeries of vegetable fibres, partly in a decomposed
state, and is frequently
so inflammable
as to inflame by a
spark. Very extensive morasses are found in some countries
from which the inhabitants are supplied with fuel. Some
improvements
in the -inanner of preparing turf for use, have.
been made; that of charring it in kilns is one. Hy this process it kindles sooner, burns with less air, and forms a moderate and uniform fire, without much smoke, though it is
The method of renot so lasting as that produced by turf.
ducing turf to coal is still practised in some parts of Bohemia, Silesia, and Uppar Saxony, which was first proposed in
1669, by J o h n J oachim Becher, who also recommended, at
that time, a process for depriving
coals of their szll~!lz~~, by
burning them in an oven, and the use of the oil procured from
them. What are our modern patents on this subject? What are
lord Dundonald’s
coke ovens and coal tar? Arc they original?
Boyle (Usefulness of Natural Philosophy,)
speaks of Becher’s invention.
A n d erson, (History of Commerce,) however,
observes, that something of the kind was attempted before
Hecher’s time; for in the year 1627, John Macket and Octavius Strada obtained a patent for their invention of rendering
coals as “useful as woad for fuel in houses, without hurting
any thing by their smoke.”
With respect to turf, it appears that Hans Charles von
Carlowitz, to save wood, introduced the use of it in Saxony,
in the smelting houses, in 1708.
Turf has been known for a long time. It was used from the
earliest periods, in the greater part of Lower Saxony, and
as is fully proved by Pliny’s
throughout the Netherlands;
account of the Chauci, who inhabited that part of Germany.
Pliny (H&t. Nat. lib. xvi, c. i.) observes, that they pressed
together with their hands, a kind of mossy earth which they
dried by the wind rather than by the sun, and which they
used, not only for cooking their victuals, but also for warming
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their bodies. We also read that a morass in Tlressaly, having
become dry, took fire, and the same thing ensued in some pars
of Russia, where a morass burned several days and did much
damage. Very dry turf is nearly as inflammable
as spunk,
and when prepared with nitre, has been used for the same
purpose. See Pyrotechnical
sponge.
Ure (Chemical
Dictionnl-q)
observes, that “turf has heen
charred lately in France, it is said by a peculiar process, kc.”
The truth is, that the charring
of turf is by no means a recent invention, as we stated above.
Sonnini (Jownal,
kc.)
says, that it is superior to wood. It kindles slower than charcoal of wood, but emits more flame and burns longer.
In a
gold-smith’s furnace, it fused eleven ounces of gold in eight
minutes, while wood charcoal required sixteen.
Turf frequently contains phosphoric acid; for bogs or morasses, and bog-iron ores abound, more or less with it, in
different statecaf combination.
The siderite of Bcr~gmann
which he supposed to be a peculiar metal, and found m bogore, is a phosphate of iron. The native Prussian blue, which
also occurs in such localities, is generally admitted to be a
combination of phosphoric acid iron and alumina.
Sec.

XII

Of Naphtha,

Petroleum,

and Asphaltum.

Naphtha, petroleum, and asphaltum are all modifications of
bituminous
oil; and as they are Jl inflammable,
naphtha
being the most so, they have been used in the preparation of
fire-works.
It will be sufficient to remark, that naphtha or rock oil is
a yellow or brownish bituminous fluid, of a strong, penetrating odour, and so light as to float on spirits of wine. By
exposure to the air, it acquires the consistence of petroleum.
It takes fire on the approach of a lighted taper, ind burns
with a bluish flame, yielding a thick smoke. Plutarch and
Pliny
both affirm, that the substance with which Medea deShe
stroyed Creusa, the daughter of Creon, was naphtha.
sent a dress to the princess, which had been immersed in,
or covered over with the oil, and which burst into flames as
Plutarch resoon as she approached the fire of the altar.
lates that ‘Alexander the great, was amused and astonished
with the effects of naphtha, which were exhibited to him at
On the shores of the Caspian sea, it is burnt in
Ecbatana.
lamps, instead of oil. There are copious springs of this oil
in that neighbourhood,
and it is sometimes obtained by diotilling bituminous substances.
x
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Hanway (Travels
through
Russia
into Persia,
i, 263,)
mentions the naphtha of Baku, and remarks that the earth
is strongly impregnated
with it; for, he adds, by taking up
two or three inches of the surface, and applying a live coal,
the part which is so uncovered, immediately takes fire, almost
before the coal touches the earth,
Eight horses were consumed by the fire from naphtha, being under a roof where
the surface of the ground was turned up, and, by some accident took fire. A cane, or tube, even of paper, set two inches
in the ground, and the top of it touched with a live coal, and
blown upon, immediately emits a flame, without hurting either the cane or paper, provided the edges be covered with
clay. Three or four of these lighted canes will boil water
in a pot.
Pinkerton, (Petralogia
ii, p. f&&) speaks of the naphtha
of tiaku, which exists on the western side of the Caspian sea,
being carried to Constantinople,
“where it formed the chief
ingredient of the noted composition called the Grecian Fire;
which, burning with increased intensity under water, became
a most formidable
instrument against an inimical fleet.” See
Greek.jre.
Naphtha is obtained of several qualities by suffering it to
remain in pits or reservoirs.
The Persians, who use it in their
lan!p~, and to boil their food, find it to burn best with a
srn:ili mixture of ashes. They keep it at a small distance
from their houses, in earthen vessels, under ground, to prevent any accident by fire, of which it is extremely susceptible.
Hanway speaks also of what is tailed the everlastitzgjue,
about ten miles from Baku, which is an object of devotion to
the followers of Zoroaster.
Near the altar of their temple,
he observes, is a large hollow cane, from the end of which issues a blue flame, which the Indians pretenrl has continued
to hum ever since the flood, and which, they fancy, will last
to the end of the world.
We have no hesitation in believing, that the ancients made
use of this oil in their exhibitions; and, from its properties,
that when mixed with other substances, it would make a
brilliant fire-work.
Petroleum, called also mineral tar, is less fluid and less
transparent than naphtha.
It has an oily consistence, more
or less viscid.
It occurs of a black or brown colour.
It
burns rapidly, but not so readily as naphtha, and exhales a
blat k smoke. By distillation, it forms a liquid like naphtha, and leaves a thick tar in the retort.
It esudts from rocks, is found in wells, &c. In Pegu,
the wells furnish annually JWC+OOOhogsheads.
It is used
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there in the place of oil for lamps. When boiled with rosin,
it is used for painting houses, and the bottoms of vessels.
In the embalming o f dead bodies, it was employed by the
ancient Egyptians; and, in some countries, clay, soaked in it,
is used as fuel.
It is found in the United States, in Kentucky, Ohio, the
western parts of Pennsvlvania,
in New. York at the Seneca
lake, &c. The Seneca-or Genessee oil is the same bitumen.
When petroleum is exposed to the atmosphere, it acquires
a greater degree of consistence, and passes into another bituminous substance, called maltha.
This has the properties,
and frequently
the appearance of pitch.
When burnt, it
yields more smoke and soot than petroleum.
According
to
its original meauinq, it signifies a kind of cement; and the
maltha mentioned by Pliny, Heineccius, Festus, and others,
which was employed in the same manner as our modern sealing-wax, was a mixture of pitch and wax, and was also used
Maltha also
to make reservoirs,
pipes, &c. water-tight.
sometimes resembles wax. Mr. Kirwan, however, gave it
the name of mineral tallow.
Mineral or Barbadoes tar is somewhat thicker than petroleum, and nearly of the consistence of common tar. - it is
used for the same purposes as the ordinary petroleum. Elastic bitumen, a variety between the softer and harder bitumens, resembles caoutchouc.
It burns with a bright flame,
and bituminous odour.
Asphaltum, or solid bitumen, is much harder than pitch,
It burns freely, and
brittle, and of a brownish-black colour.
leaves but little residue. In Judea, it is found on the waters
of the Dead sea, or the lake of Asphaltes.
It is also called
Jews’ pitch.
It was employed by the Egyptians for embalming under the name of mumia mineralis.
Both maltha and asphaltum were used by the anc:ents as a
cement. The walls of Babylon were cemented with these
substances, as obtained from the river Is, which falls into the
Euphrates.
It may be observed, that those countries, which
yield bitumen, contain salt springs, and it frequently accompanies pyrites.
Limestone, particularly the black, contains
The stink
it, and the colour is often owing to its presence.
stone, or bituminous
carbonate of lime, is of this kind. The
retinasphaltum,
a combination of bitumen and earth, having
a yellow colour, burns with a bright flame, and fragrant
Many stones,
odour, which at last becomes bituminous.
and particularly
some of the black marbles, owe their colour
to bitumen; hence they burn white.
The bituminous schistus, or bituminous
shale, sometimes contains so much of
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this substance as to burn in the fire. Jet is a mineral of a
black colour, and resembles the cannel coal. It is inflammable, producing
a green flame, with a strong bituminous
odour.
With respect to bitumens, we may observe, that they all
possess one character, that of being inflammable;
and that
they are more or less so in proportion as they partake of the
principle of naphtha; or, at least, the rapidity of their combustion depends upon the presence of this oil. The following additional facts, therefore, with respect to naphtha, may
be interesting:
Certain liquids have the property of uniting
with naphtha, which has also the property of dissolving and
combining with solid substances, of which the following examples may be stated:
At the degree of ebullition, it dissolves sulphur, which, on,
cooling, is in part deposited m needle-form crystals.
At the
same temperature, it also dissolves phosphorus, part of which
is again separated.
It unites also with iodine.
With camphor, it also combines, and in large quantity.
It takes up a much larger proportion of pitch.
In the cold, its action on wax is feeble,
but assisted by heat, it unites with it in all proportions.
On
lac and copal, its action is feeble.
In the cold, it does not
dissolve cnoutchouc; but when assisted by heat, it dissolves
this substance, though not completely.
These facts may
determine its action in certain mixtures.
According to Theodore de Saussure’s Analysis, (Bibliot.
Universelle, iv, p. 116), it appears, that naphtha is composed
of 87.60 carbon, and 12.78 hydrogen.
Sec. XIII,

Of

Oil of SjGke.

This oil is principally used as a vehicle for mixing the ingredients of some kinds of fire-works;
and, although it is employed in that way, yet it has also an effect in combustion,
having similar properties with liquid bitumen. It enters into
the composition of some of the preparations, and -perhaps is
equally good as liquid bitumen.
Indeed, the oil of spike, as
sold in the shops, and used principally by farriers as an embrocation for horses, is an artificial preparation, made by mixing together about five ounces of Barbadoes tar, with a pint
of the spirit of turpentine.
Sec. XIV.
Amber, succinum,
which are synonimous

Of Amber.

karabe, the electron of the ancients,
terms, is very inflammable.
A piece
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of it, put on the point of a knife, and set on fire, will burn
entirely away, emitting, at the same time, a white smoke, and
a somewhat agreeable odour.
It is used in the composition
of fire-works, and particularly
in some kinds of rockets. All
the preparation it undergoes, when thus used, is to reduce
it to powder in a mortar, and to pass it through a fine sieve. It
also forms a part of the compositisn of odoriferous
fire; but
the form&e for the latter are various.
Amber is of various colours, either yellowish, white, or
honey-yellow.
It is translucent, and sometimes transparent.
It may be turned or polished.
It occurs in grains or in irregular masses. Alluvial
deposites of sand, gravel, &c. frequently contain it. It is also four&with
bituminous
wood,
brittle lignite, or jet, and with other’substances.
It has been
discovered in New-Jersey,
near Trenton, in alluvial sail.
Naturalists
believe, that amber was once a resinous juice.
Masses weighing 20 lbs. have been found.
Sometimes it
contains insects. It is formed into beads and the like.
As
amber becomes electric by friction, and the ancients called it
electron, the term electricity is derived from it. By distillation, it yields both an acid, (the succinic), and an oil. Jet is
usually considered black amber.
We may introduce here a few remarks respecting ambergris:
Ambergris
is a substance, which has a peculiar fragrance,
and for that reason is used as a perfume, and may be employed like similar substances in odoriferous fire. As to its origin,
we have no certain account; but it seems, from its general
properties, to be formed in the same manner as bituminous
substances, although it is mostly found on the sea-shore,
where it has been probably washed up from the sea.
Ambergris is found principally on the shores of Ceylon,
and is known to be good, by laying some of it on a very hot
knife, when, if pure, it will not only melt and run like wax,
but entirely evaporate, leaving no residue.
Ambergris,
on account of its price, (the retail price in
London being a guinea per ounce), is frequently adulterated
with various mixtures
of benzoin, lahdanum,
meal, &c.
scented with musk. But pure ambergris, when heated, has a
greasy feel, and appearance, and is soluble in hot ether and
alcohol.
Sec. XV.

Of Camphor.

Camphor is a resinous substance, although generally called
a gum, which has a peculiar, and powerful
smell.
It is ob-
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kained principally
from the Lawus
Camphora.
It is errWe
tracted from this, and other trees in the East Indies.
are informed, that, in Borneo and Sumatra, the larger pieces
which contain the most camphor, are picked out with sharp
instruments.
The Chinese cut off the branches, chop them
small, and place them in spring water.
They are then boiled, and stirred with a stick.
As soon as the camphor is obIt is
served to adhere to the stick, the fluid is strained.
then poured into a basin, and the camphor separates, in
Japan, the roots and the extremities of the branches are
steamed. It is also obtained by sublimation.
The roots,
wood, and leaves are all boiled in large iron pots, and the
camphor is collected on straw, placed in a tubular head.
With resj-:ect to the refining of crude camphor, in order
bo produce henA, as they are called, and to free it from impurities, the operation is nothing more than sublimation.
Sublimers made of glass are used; and i-to each, the camphor, along with a small portion of lime, is introduced, and
they are then placed in a sand bath. Heat is applied, and the
pure camphor rises and attaches itself to the upper part
of the vessel, forming the rediued camphor.
The general properties of camphor are the following:
It
is not altered by the atmospheric
air, but is volatilized
during warm weather.
It is insoluble in water; is soluble in
alcohol, forming the spirit of camphor, and also in volatile
and fixed oils. It is not acted upon by the alkalies. It is dissolved in acids without effervescence, and by some. It is decomposed. Nitric acid converts it into a peculiar acid, called
It melts between $00 and 400 degrees.
It
the camphoric.
takes fire, and burns with a white flame, and, generally,
while it presents the character of a resin, it shows, by its
combustion,
like other inflammable
bodies, that it contains,
in its composition, a large quantity of carbon and hydrogen.
There are several species of camphor, which have been
examined by chemists and which difFer in their properties,
These are, common camphor, the caruphor of volatile oils,
and the artificial camphor, formed by treating oil of turpentine with muriatic acid.
The base of camphor forms a constituent part of some
volatile oils, which are in a liquid state; and for its separation, it appears to require a combination with oxygen.
Camphor may be apparently set on fire by means of water,
an experiment, which is nothing more than producing chrmical action by it, in the following
manner: Put a portion of
nitrate of copper on some tin-foil, along with cam Jhor; then
by adding some water, and quickly wrapping th e foil up,

,
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pressing the edges close, it will inflame, and sparks of tire be
produced.
Camphor has been used in the manufacture
of candles.
For this purpose, it is dissolved in brandy, and the wick,
composed of equal parts of cotton and linen, is dipped in.
It is then dried, and covered, in the usual manner, with
tallow or wax. The tallow, recommended
as the best for
candles, is a combination of equal parts of mutton and beef
suet.
Camphor is very soluble in acetic acid, which is highly
inflammable.
This solution is decomposed by water. Fii,‘hen
combined with essential oils, it forms aromatic vinegar.
Bomieu has observed that small pieces aof camphor floating
on water have a rotary motion.
Camphor enters into a compositiou, which is used to determine, like a barometer, the state of the weather, and the
changes it undergoes.
According
to the Journal de Phrmacie, 1815, some experiments were made in FI-~wc~ on the
fluid taken out of one of the English weather guages. The
liquid contained water and alcohol, was strong with camphor, and reddened litmus paper, The tuse contained 3 l-2
ounces. On analysis, its contents were found to be, 24 grains
of alunl, 120 grains of camphor, and enough water to dissolve the former, and alcohol to dissolve the latter.
A similar composition was made, and put into a tube, which, it
seems, had the same effect. The tube is hermetically sealed.
M. Cadet observes, that the prognosticator,
made in Paris
many years ago, was a similar preparation.
Although,
according to Cadet, this contrivance cannot be
depended upon, as the appearauces it presents are not regular; yet, as the effect is produced by heat, as well as
light and electricity, the following summary may be added:
1. In fair weather, the composition remains at the bottom,
and the liquor is clear.
2. Before rain, it will rise a little; the liquor will be clear,
having merely a star floating in it.
3. Before a storm, it will rise to the surface, the liquor,
will appear troubled.
These appearances may be seen 244
hours before the change in the weather takes place.
4, In winter, it is higher than common.
During a snow,
it will be very white, and pieces are seen in motion.
5. In settled weather in summer, and when warm, the
composition will be low.
6. To know from what quarter wind will come, the composition will remain attached on the opposite side of tl:c
bottle to that from which it is expected.

Camphor has been burnt, like ether and alcohol, by platinum wire, previously
heated. Dr. Ure observes, that a cylinder of camphor may be used for both wick and spirit, in
the aphlogistic lamp; and the ignition is very bright, while
an odoriferous
vapour is exhaled. By adding various essential oils in small quantities to the alcohol oftbe lamp, various
aromas
may be made to perfume the air of an apartment.
See Scented

Fires for

rooms.

Camphor is employed in those fire-works
chiefly, which
are exhibited in rooms; its expense being an objection to its use
in large exhibitions.
In what are termed perfumed pastes, or
mixtures, scented fire, or odoriferous fire-works, it is used in
abundance: in fact, it enters into nearly all the compositions
of this kind.
Camphor, besides producing,
alone, a white
flame, gives a brilliant light, and, when mixed with other
substances, adds greatly to the appearance of the flame; and,
giving out a powerful odour, destroys, in a measure, the disagreeable smell arising from the combustion of the sulphur
and nitre.
By referring to the article on Greek fire, and some incendiary preparations used in war, it will be seen, that camphor
is an important constituent.
As camphor is very combustible, and will even burn on the surface of water, it is well
We have already spoken of
adapted for all those purposes.
the Greek fire; and it seems, that the peculiar character of
that fire, of burning in water, was owing to the presence of
camphor.
This opinion appears plausible, when we consider, that some preparations have been made with camphor?
which had the property of burning on water.
Camphor may be pulverized
by the assistance of, and
brought into intimate mixture with, nitre and sulphur; because the former, in particular, tends to divide it. But it may
be pulverized separately, and afterwards added to the composition, by rubbing it in a mortar with a small quantity of
alcohol, or spirit of wine; or, if this cannot be had, with
As camphor is very inflammable, its
fourth proof brandy.
effects, when mixed with saltpetre and fired, are much the
same as those produced by other resins, or concrete oils. A
combustion, more or less rapid, ensues, and, while the nitre
itself is decomposed, the camphor also undergoes the same
change, producing both water and carbonic acid, from the
union of two of its elements, the hydrogen and carbon, with
the oxygen of the nitric acid. In all cases, in which camphor is employed in artificial fire-works,
although its own
flame
is white, it may assist in increasing
the flame,
which, however, is modified, according to the substances.
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which enter into the composition.
These may not retard its
combustion, but, nevertheless, may change the appearance of
the flame; as is the case, when we employ the filings of iron,
steel, brass, or zinc, sal ammoniac, rosin, saw-dust, and other
substances, which usually form a part of such mixtures.
Upon the whole, then, we may consider, that camphor acts
in fire-works;
lst, as an inflammable body; flndly, that, besides being in a great measure decomposed, a portion of it
is evaporated, and communicates, to the surrounding
atmosphere, a peculiar smell, which is recognised in the odoriferous fire-works;
8rdly, that, while it acts in taking a part of
the oxygen from the nitric acid of the nitre, it assists in the
decomposition
of this salt, more especially if it be mixed
separately with the nitre; dthly, that, in all instances of its
combustion, while it acts primarily on the nitre, with the
oxygen of which it forms both water and carbonic acid, it,
at tb same time, increases the flame, which may be either
white, red, or yellow, according to the other substances employed; and, finally, it may be thrown out in the state of combustion, and receive, for the further support of its combustion, the oxygen of the air, and hence produce a white exterior flame, while that in the immediate vicinity of the compbsition may be more or less coloured.
But its application,,
the proportions in which it is used, as well as the kind of fireworks to which it is applicable, will be considered at large in
other parts of the work.
The great inflammability
of camphor is to be ascribed to
its containing a large quantity of carbon and hydrogen, and
a smaEl quantity of oxygen.
There is a preparation, called artificial camphor, that is
formed by passing muriatic acid gas through spirit of turpentine.
It inflames with facility, and burns, without leaving any residue. Might not this preparation be economically
employed, in lieu of camphor, for incendiary fire-works?
Sect. XVII.

Of Gum Benzoin,

and Benzoic

acid.

Gum Benzoin, or Benjamin, is considered a solid balsam,
and is the production of a tree, whichgrows
in Sumatra, &c.
called the styrux benzoe. It is obtaxned from this tree by
incision, a tree yielding three or four pounds.
It is a brittle
substance, sometimes in the form of yellowish-white
tears,
and called, from that circumstance, almond benzoin. Besides
;t resinous substance, it contains an acid, called the benzoic,
+lr Jowers qf henxoin, a substance similar to $alsam of Peru?
Y

.

being a pecuIiar aromatic principle, soluble in alcohol and
mater.
By heating it, or by combustion, it evolves a very
agreeable smell, and is, therefore, used in those fire-works
which are exhibited in rooms, theatres, kc. and also in the
Besides beiiig in itcomposition of odorifcroys
fire-works.
self inflammable,
it produces a peculiar smell, arising, in all
probability,
from an essential oil, aided, in some degree, by
the separation of benzoic acid.
It has been examined by Bucholn and Brande.
Its general properties are: that, it is insoluble in water, although
hot water takes up a part, of it, said to be the benzoic
acid. It is soluble in alcohol, from which it is separated by
muriatic and acetic acids, but not by the alkalies.
It is alss
soluble in ether.
The benzoic acid, or flowers of benzoin, are obtained from it
A quantity of the powdered hum, put into
by sublimation.
an earthen basin, a thick paper cone beins tic.cl round the
rim, and heat applied, the acid will leave the r&n, and be
condensed on the inner side of the cone. Bucholz (Bulletin
de Pharmacie,
v. p. 177) has given a process for obtaining
it by means of alcohol, and some others have been adopted.
By boiling four ounces of the gum in powder in a sufficient
quantity of water, with three drachms of carbonate of soda,
the acid will unite with the alkali, and form a benzoate of
soda, which, when filtered and decomposed by sulphuric acid,
will vield the benzoic acid. Five drachms of acid will be
Lime has been used in the same manner as
thus *obtained.
soda, and the acid separated by the addition of muriatic
acid.
Flowers of benzoin may be used in the place of the gum;
using, however, but a small quantity. They will communicate
the same odour to fire as the benzoin.
The flowers, or acid
of benzoin, are so inflammable, as to burn, with a clear yellow
flame, without the assistance of a wick.
It is soluble in ardent spirits, in oils, and in melted tallow. The compounds,
which it forms with them, are also inflammable.
Benzoic
acid is considered to be an oily acid, and contains, no doubt,
P very large proportion of hydrogen,
Sect. A’VIL

Of Borax

Calumite.

Storax is the most fragrant of all the balsams. It is nfforded by the styrux oficinalz’s, a tree which grows in the
Levant.
It is sometimes in red tears. Common storax is
in large cakes, and brittle and soft to the touch.
This is
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more fragrant than the other sort, but is frequently adulterated wvith saw-dust.
It is soluble in alcohol, and is said to
yield some benzoic acid.
Styrax is a different substance; a semi-liquid juice obtained
from the iiguidanab~r
styrac$ua.
Its odour is less agreeable than that of storax calamite. It is used in odoriferous fire,
in dnnste.s, in the composition for scelzted vuscs, and the like.

&m?. XVIII

Of

Essential

Oils.

Essential or volatile
oils, as well as the raspings of red
cedar, dried rosemary, and other fragrant plants, are all used
in the preparation of odoriferous fire. In some preparations,
the oil sf roses is employed; in others, the essence of bergabeing
very volatile, evaporate
mot, of lemon, 8.x. which,
in a moderate heat, and, being also inflammable,
may assist
in the combustion.
In the case of the raspings of cedar in
particular, it also communicates a peculiar appearance to the
flame.
Oils, whether essential or fixed, when passed through ignitcd tuhcs, are decomposed, and furnish an inflammable gas
called olefiant
ca8.
Wax, tallow, &c. produce the’ same gas,
ihf: hydroCpret
of carbon.
Taylor and Martineau
Messrs.
contrived an ingenious apparatus for generating gas from oil
on the great scale, as a substitute for candies, lamps, and coal
gas, it being much preferable for burning, as it contains no
sulphur, and does not injure furniture, books, plate, paint, &c,
Oil gas contains more hydroguret
of carbon than coal gas,
which is a great advantage, enabling one cubic foot of oil gas
to go as far as four of coal gas. An elegant apparatus was
erected by Taylor and Martineau at the Apothecaries’ Hall,
London, a drawing of which may be seen in the 15th number of the (( Jouwwl
of Science and the A&L”
It is to be observed, that odoriferous fire-works are intended for exhibition in close apartments; so that the smell of
certain gases, produced by the nitre, charcoal, and sulphur,
according to the preparation
used, will be more or less destroyed.
Such preparations are, nevertheless, expensive, and
?or that reason seldom used.
8ect. XIX.

Of Mtastich.

This resin, obtained, from the pistacia Ec~ztGcus, by mak=
Ing tranverse incisions in the tree, is first in a fluid state, and
gradually concretes; into ,vellorvish~semi-transparent
brittle
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grains.
In Turkey, great quantities of it are used for sweetening the breath, and strengthening
the gums. It is from the
use of the resin as a masticatory,
that its name is said to be
derived.
It is not completely soluble in alcohol, a soft elastic substance separating from the solution,
When expo& to
heat, it, melts, and exhales a fragrant odour; for which reason,
principally,
it enters into the composition of some fire-works,
as the scented paste.
In ordinary fumigations,
mastich is
commonly used.

Sect. xx.

Of cop-d.

Gum copal, by which name it is known, is a resin, obtain ’
ed from a tree, called thus copa.Qirzum.
It is often in the
form of a beautiful white resin; but sometimes it is more or less
asloured. l[t is frequently opaque. It may be dissolved in alcohol,
spirit of turpentine, and oils, by a peculiar marlC~gemen~,
(by using camphor, previously melring it, and the like,) and
then it forms the various copai varnishes, which are more or
less perfect, as the copal is transparent, and the solution properly formed.
When he;tted, it melts like other resins, and
in this, and many other properties, it partakes of the character
of resins in general.
It is used in some of the formulae for
dire- works.

Myrrh 4s obtained from a plant, supposed to kelong to the
genus mimosa, which, as Eruce informs us, (‘!Z%uveZs, +c.j
It is in the form of tears,
grows
in Abyssinia and ilrabia.
of a reddish-yellow
coiour; sometimes transparent, and at
It possesses a peculiar odour, and a
other times opaque.
and does
bitter and aromatic taste. It burns with difficulty,
not melt when heated. With water, it forms a yellow opaque
mixture.
It dissolves in alcohol, and the solution is decomposed by the addition of water, the whole becoining opaque.
According
to Braconnot, myrrh is composed of 23 resin,
whose analysis
and 77 gum, in the 100 parts. Pelletier,
differs from Braconnot’s, observes, that, besides resin, it contains some volatile oil, to which, no doubt, its fragrance is
owing.
The gum, extracted from it, had the character common to all gums, with the exception, that, instead of forming
the mucous or saciactic acid, by the action of: nitric acid, it
produced only oxalic acid.
That myrrh burns with djfficwlty, is owing entirely to the

presence of SO much gum, and, comparatively
speaking, the
small quantity of resin, which enters into its composition.
But, notwithstanding
this property? as it partakes of a frab
grant oil, it is used in some compositions for fire-works.
The gummy part may retard. as is sometimes required in
particular
preparations, the rapidity of the combustion, and
therefore have a two-fold effect when employed in fireWOrkS.

Refined

sugar is sometimes used in pyrotechno-mixtures.
of carbon, hydrogen,
and oxygen), which is decomposed by heat, and h3s tb:: property of decomposing nitric acid, a’nd some of its combinations; its operation in such mixtures may fx readily perceived. We have seen, when treating of chlorat,e of pot:tssa,
that, when this salt and sugar are mixed together, ali:‘c sul.
phuric acid poured on the m&ture, a rapid combustion ei1511es;
which is owing as well to the decomposition of the sugar,
3s to that of the salt.
The matches, likewise, which inflame
by immersion in sufphuric acid, are covered with a similar
mixture.
That suqr, therefore, has the property of decomposing those salts, which are composed of acids, that have
their oxygen but feebly combined, and thereby producing
employed, or other
aombustion, according to the temperature
agents made use of, is evident from a varil-ty of experiments,
By its action, then, in such cases, the products of combustion, arising from the elementary parts of the sugar alone,
Suuniting with oxygen, must be carbonic acid and water.
gar, submitted to destructive distillation,
affords a variety of
new substances; among which we may notice caramel, or
that peculiar odour, which is recognised in the burning
of
sugar. Sugar may, therefore, besides assisting in part in the
decomposition
of saline bodies, and particularly
nitre, and
perhaps giving rise to new products, with which we are unacquainted, have another effect, that of destroying the offensive smell of other substances, by means of the caramel
formed.
Sugar, also, when mixed with various bodies, and
struck with a hammer, will produce detonations.
Sugar, when used in compositions of fire. should be pure;
and it may be known to be so, by producing invariably
a
phosphorescence
in the dark, when two pieces are rubbed
At a red heat, it bursts into flame with a kind Qf
together.
explosion. This flame is white, with blue edges.

AS it is a vegetable oxide, (composed

Sugar is obtained from the sugar-cane; from the sap of the
sugar-maple; from beets and grapes; and from various oher
saccharine bodies. It is formed also artificially,
by the action
-C
acid on starch.
WI -*-‘phuric
aul]
NIr, . Kirchoff,
a Russian chemist, accidentally
discovered
that starch may be changed into sugar by dilu”ted sulphuric
acid. One hundred parts of starch yield one hundred and ten
of sugar. It appears, that, by the abstraction of a little hydrogen and carbon, starch will be converted into sngar. Potatoes, digested with diluted sulphuric acid, Dr. Ure found,
would also form sugar, and very abundantly.
The sulphurie
acid may be removed by the addition of chalk, and, as the
sulphate of lime is but slightly soluble, the pure saccharine
fluid may be obtained by filtration.
The sugar is procured
in a solid state by evaporation, and may be clarified like othel
Dr. Ure observes, that good beer has been made
sugar.
from starch-sugar, but recommends potato-sugar,
To obtain
the latter, the potatoes are washed, grated down, and trested
with the dilute acid for a day or two, at a temperature of 2120.
The observations of Uraconnot arc interesting.
He has
succeeded in converting a variety of vegetable substances
into gum and sugar. The conversion of wood into sugar,
however remarkable it mav seem, has been effected; and
a pound weight of rags will, by the same process, make
snore than a pound weight of sugar. Rice, as it contains a
large quantity of fecula, may, we have no dorrbl, be converted, in the same manner, into saccharine matter.
When sugar is first obtained, it is impure, containing a variety of foreign substances, and more or less brown, as the
Muscovado
of the West India islands. It is refined, and
formed into loaves, by treatin, cr its solution in water with bullocks’ blood, the serum of which coagulates by heat; and, finally, by pouring the su<g;nr, when sufficiently boiled, into
conical earthen moulds, where it concretes. It is clayed, by
putting a mixtureof white clay and water on the sugar in each
of the cones; the water from which passes through, and renders it beautifully white.
The same process may be repeated; hence the single and double refined sugar. The molasses
passes out from the sugar at the apex of the cone, and is received in vessels.
From twenty to thirty-five per cent. of molasses are separated in the refining of raw sugars; and it is supposed, that a
considerable part of it, probably two-thirds, are formed by the
high heat used in the concentration of the sirup.
In order
*a -u-.-r,,*
-^ ..“--- c ^ ^..--L:C-. -c --..I ^^^^_ A:a--.“,,L -1-d”

have been recommended.
That of Howard is highly spoken of. It consists in surrounding the sugar-boiler with oil
or steam at a high temperature,
instead of exposing it, as
heretofore, or the mode usually adopted, to the naked fire.
The boiler is covered at top, and, by means of an air-pump,
the air is exhausted, and the pressure of the atmosphere beins removed, ebullition takes place at a lower temperature.
No Mood is used in Mr. H.‘s process, instead of which, the
clarification is performed by means of canvass filters, adding
previously a pasty mixture of gypsum and alumina, made by
He does not
saturating a solution of alum with quicklime.
cn?p!oy clay, as is done in whitening
the sugar; but, in its
p&e, n-akes USCof very pure saturated sirup.
He uses anim:ii cllnrcoal, (bone b;r:cl;), which has the property of destroyJTi!son’s process for refining vegetable colourin;
matter.
ing sugar possesses some advantages.
It will be found in
the 31th volume of the .iVepertorg
of &ts.
The patent filtering apparatus of Sutherland is highly approved.
The chemical properties of sugar are the Foliowing: It is
tcry solublt~ in water, both hot and cold; it forms with water
;i sirup, which on standing will crystallize, forming the candicd sugar. It is not acted upon by oxygen gas. It is capable
sf combiain, cr with, and, according to some chemists, of neutralizing acids and alkalies.
It is decomposed by nitric acid
into oxalic and malic
with effervescence,
bein, w converted
acids. Tartaric, acetic, and oxalic acids prevent it from crystallizing.
It unites with lime and stro,utian, but is partially
decomposed by barytes. It combines also with oxide of lead,
which it precipitates from its solution, forming, as it is called, a saccharate of lead. Alcohol has some action on it, and
also hydrosulphurets,
sulphurets, and phosphurets of alka.
lies and alkaline earths. On the application of heat, it melts,
swells, becomes brownish-black,
and exhales a peculiar odour,
which we have mentioned, and, at a red heat, takes fire>
Lastly, though possessed of some general and specific cha.ractcrs, it differs, in some of its properties, according to the
r;uhstnnce from which it is obtained.

&xt. xmI...

Of &Z Przcnelb.

This salt is nothing more than nitrate of potaasa, melted ir
a crucibln ti, and poured into tnoulds, whence it receives the
form under which it is found in the shops. The saltpetre,
when merely fused, is not decomposed, as it is when exposed
!,o a red heat irl in ii’011 rf:jtort. In the former case, the water

only which it contains is separated; but, in the latter, the
salt itself is decomposed, and oxygen eas evolved.
Sal prunelle, therefore, is fused saltpetre.
Combustible bodies, as
charcoal, sulphur, phosphorus, oils, resins, &c, have the same
effect on it as on ordinary nitre.
The only advantage it has
over the common refined saltpetre, in the preparation of some
fire-works, is, that it is free from water, and more readily acted on by cotnbustibIe substances. In preparing it, care must
be taken in the applica$on of the heat; which, if too powerful, would, besides fusing it, decompose, and convert: it into
nitrite of potassa. It may be readily pulverized and sifted.
For the properties of nitre, see that article.
Sect. XXIV.

Of d%kohoZ.

Alcohol, or rectified spirit of wine, is used for a variety of
and, when it cannot be procured,
purposes in pyrotechny,
strong brandy is substituted.
In assisting the pulverization
of some substaGes, as camphor, in forming the mixture of
certain pastes, and in actin, w as a vehicle for the intimate union of some bodies? it is considered a necessary article.
Alcohol may be made to form variously coloured flames, by
mixing with it certain saline substances. Thus, boracic
acid will form a green flame; muriate of strontian, a carmine
red; muriate of lime, an orange; nitrate of copper, an emerald
green; nitre, common salt, and corrosive sublimate, a yellow,
&c. As alcohol has the property of dissolving essential oils,
camphor, &c. it may be used as a menstruum for certain oils
in the preparation of odoriferous fire-works.
See &tic Zes
on coloured fhne,
und odor$erous fire.
Alcohol constitutes a part of all ardent spirits, wine, cider,
beer, &c. in which it is combined with water, or with water
and mucilaginous and colouring matter.
It is formed in the
vinous fermentation,
and always results from the union oi
carbon and hydrogen.
During the process, carbonic acid ga\
is liberated. Fermented liquors, therefore, or those which have
passed through the vinous fermentation, always contain alcohol in more or less abundance, but mixed with water in many
instances. In some it is accompanied with water, and sacchari ne, mucilaginous,
and extractive
mat,ter. The different
kinds of beer is an example of this fact. When liquors,
which contain spirit, are submitted to distillation,
the product is alcohol and water; for the volatile parts evaporate,
and the fixed substances remain in the still.
The spirit partakes, more or less, of a peculiar taste and flavour, by whit!:
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liquors are distinguished from each other.
On this subject,
however, it will be sufficient to add, that brandy is procured
by the distillation of wine; rum, from the fermented juice of
the sugar-cane; gin, from fermented grain and juniper-hrrry;
whiskey, from the fermented mash of grain, cider, Src. and,
generally, the ardent liquors, from pears, peaches, and other
substances, by the same prc?cess.
Alcohol, therefore, exists in all these distilled liquors, in a
greater or smaller quantity, combined with water; and the
proportion it bears to the water is known by a standard, as
either proof, above proof, or under proof, according as its
strength is shown by the hydrometer.
The process of obtaining alcohol in a pure state, (usually
called rectified spirit of wine), 13~ which the water is separated from the alcohol, consists in repeated distillations,
either
alone, or mixed with certain substances, which have the property of uniting with, and keeping down the water, in the
act of distillation.
These substances are usually potash, and
drv muriate of lime, both of which substances have a great
affinity for water.
The specific gravity
of highly concenrrated alcohol, at 60’ is ,820, but that of common alcohol,
only .837, at the same temperature.
The properties of alcohol are the following:
It is a transparent liquor of an agreeable flavour, and may be changed *in
this particular, by essential oils. It may be exposed to a
low temperature without freezing.
It boils at 106Q, when of
the specific gravity .820, and in a vacuum at 56”.
It has a
strong
affinity for water, with which it combines in any proportion; and the specific gravity varies according to the proportion of the mixture and the temperature,
on which are
founded the tables of Hlagden, Gilpin, and others.
Neither common air, nor oxygen, has any action on alcoho1
at moderate temperatures,
whether in a liquid or aeriform
state. On hydrogen, carbon, and charcoal, it has little or no
action, but on phosphorus it acts, a portion of which it dissolves. With sulphur, it may be made to unite, as also with
the alkalies, but not with the earths, except strontian and
barytes. It is decomposed by sulphuric and nitric acids, with
both of which it forms ether.
It dissolves some salts, and
has scarcely any effect upon others. Lastly, it dissolves resins
aud essential oils; but it neither acts upon gums, properly so
called, nor on fixed oils. It is a compound of hydrogen,
carbon, and a small proportion of oxygen, and may be dew
composed, by pa$sing its vapour through an ignited porcelain
:u be.
%

Alcohol, by its combustion, as it is used in spirit-lamps
for chemical and other purposes, produces no smoke, in consequence of the carbon it contains being totally converted.
during that process, into carbonic acid; and its -hydrogen,
uniting with another portion of the oxygen of the atmospheric air, passes off in the form of aqueous vapour.
Alcohol,
used in this way, is preferable to oil; for the latter produces
a large quantity of smoke, unless it is burnt in the ,Qrgand
lamp. Alcohol is inflamed, when it is brou,rht in contact
with an ignited body. The combustion is rapid without any
residue, and th& flame white.
As to the strength of alcohol, the best means of determining it, is with the hydrometer;
but usually itsproof is ascertained by means of gunpowder.
A portion of powder, put
into a cup, and alcohol poured on it and inflamed, will, if the
latter be strong, be set on fire; if, however, the powder should
not take fire, but the flame of the alcohol be extinguished, we
infer the existence of water, and that the alcohol is not of the
This experiment is founded on this circumproper strength.
stance, that, if the alcohol contains water, after the alcoholic
portion is all consumed, the water will not only extinguish the
flame, but also prevent the inflammation
of the powder.
The
however,
is the best experiment,
as it deterhydrometer,
Inines
at once the fact of the strmgth
of the liquor.
‘Alcohol is used in the preparation
of certain fulminating
substances, as fulminating
mercury and silver in particular;
the preparation of which, we will give in the two next sections.
It may not be improper to mention another application ol
alcohol, that of forming the aphlogistic
Zur~y,
or lamp thaj,
burns without flame.
The following
description of it, ic;
given by Accum, in his Chemicnk dmusements,
Am. Ed.
p. 355. “ In a common lamp, with a wick of about half a dozett
common threads of cotton &ick, used for lamps, put some
good spirit of wine.
Dispose the threads of wick, not intertwined, but straight and parallel to each other. Take platina
wire of the thickness of l-100th part of an inch; coil it round
the wick, about nine coils below, and six coils standing above
the top of the wick; the diameter or width of the coils should
not be more than 3-20th, or I-7th ofan inch wide. Light the
wick; and, when the coil of platina above the wick is red-hot,
blow out the flame. There will then be a current of pure
alcohol, gradually rising from the reservoir below, through
the wick, sufficient to keep the upper coil of platina red-hot,
until the whole of the alcohol is consumed.
This lamp 11~~

kept constantly lighted during sixty hours.
By means of it,
a match, a bit of spunk, or candle may be l-ighted when
wan ted. The quantity of alcohol consumed 1s not much:
about an ounce, or an ounce and a half during the night, from
bed-time until morning will suffice.” This article was added
LO Accum by Dr. Cooper. A figure of the lamp is in Erande’s
Chemistry,
Dr. Comstock has a paper on the aphlogistio
or flameless lamp, in Vol. IV. p. 325, of Silliman’s ~O?WIZ~
of Scie?zce and .1!2~ts, which contains some judicious
and useful remarks.
Sir 1-L Davy (Journal
o/the Royal InstituJion) has discovered, that the vapour of camphor answers the
same purpo:‘e as alcohol.
If a plat>inum wire be heated and
laid upon camphor, it will continue to glow as long as any
remains, and tilt: I;,rire will frequently light it up into flame.
Davy found, that, in the slow combustion of alcohol, Src. an
acid was generated, to which he gave the name of Lampic
acid. Faraday and Daniel (Jowl&al of Scielxe and the dirts)
have confirmed his conclusions.
Dr. Marcet has proposed a method of producing an intense
.&at, by causing a current of oxygen gas to pass through the
flnrnc of a2cohol. The construction of the lamp and gas-holder may be found in the tirchives des Becouvertes, Vol. vii.
p. 6.!,

As the fulminating
mercury of Howard consists principaliy of the oxalate of mercury, the oxalate of this metal may be
Oxalic acid does not act on
employed fobr the same purpose.
mercury, but dissolves its oxide, and forms with it a white
I formed various fulminating
metallic powders,
powder.
(See C’oze’s Medical Museum), atid prepared one in particujar by merely digestin, 0‘ a solution of the salt of sorrel (superThe elffeet is that the
oxalate of potassa) on red precipitate.
osalic acid unites with the oxide of mercury, and forms an
osalate of mercury, which, when struck with a hammer, prociuces a detonation.
Oxalate of mercury, possessing the same
efl’ects, may be formed, very expeditiously,
by pouring the
oxalate, or the superoxalate of potassa into a solution of
nitrat>e of mercury.
The oxalate of mercury will be precipitated, which is to be caught on a filter, washed, and dried in
a gentle heat.
Howard’s fulminating mercury is less dangerous than either
fulminating
silver, or fulminating
gold. The extreme force
-ef detonation which it possesses is remarkable.
The tem-

perature required for its explosion is 360 degrees. F’riction,
percussion, electricity, and the flint and steel will produce this
effect. It P;ives rise to a stunning disagreeable report, and its
force is sufficient2 to indent both the hammer and the anvilIt is
Four or six grains are si&cient for an experiment.
rather singular, as Mr. Cruikshank
first observed, that this
powder will not infl;ame gunpowder;
as may be shown by
spreaclin,g some of the former on paper, and shaking gunThe
powdx- over it, and then firing the mercurial powder.
grair,s of the gunpowder
may be collected entire after the
explosion.
From the experiments
of Howard,
it appears, that this
powder is composed of oxalate of mercury, and nitrous etherised gas. Fourcroy , however, has shown, that it varies ila
its nature, according to the mode of its preparation.
There is also a preparation
of mercury, which is likewise
explosive, discovered by Fourcroy.
This compound may be
formed by digesting the red oxide of mercury in liquid ammonia for the space of eight or ten days. The oxide assumes
a white colour, and at last appears in crystalline scales. Upon
ignited coals, it detonates loudly like fulminating gold, which
see. In a few days, however,
it loses its fulminating
property, and undergoes spontaneous decomposition.
Exposed
to a low heat, the ammonia is disengaged, and an oxide of
mercury remains.
As ammonia forms several detonating compounds with me=
tallic oxides, the theory of their explosive effects is the same;
vi7. that, while the hydrogen of the ammonia unites with the
oxygen of the oxide, forming water, the azote is disengaged
in the state of gas.
The process for preparing Howard’s fulminating
mercury
is the following, dissolve one hundred grains of mercury in an
ounce and a half (by measure) of common nitric acid, assisting the solution by heat. When cold, pour the solution upon
two ounces (by measure) of strong alcohol, and apply a moderate heat, unti1 the mixture begins to effervesce.
A white
fume then begins to undulate on the surface ofthe liquor, and
a white powder precipitates, which is the fulminating
mer,
cury.
This powder is to be immediately washed with cold
water, and dried at a heat, not much exceeding that of boilingwater.
One hundred grains of mercury, will give, 011 31;
average, one hundred and twenty-five
grains of the powder.
The products of its combustion are carbonic acid g;ifsf
azotic gas, water, and mercury.
Besides by percussion, it i.:
inflammable when brought in ronfact with sulphuric acid. Tt

‘ts supposed,
that fulminating
mercury sometimes contains
2m mania, atid that the products of ~OlT;bIiStiOn,
according
to
the mode of preparation, are therefore different.
The reader
may consult some interesting observations on this powder in
the Jow~a~~Z de Z’EcoZe Polytechnipue.
iI4. Bagen, an apothecary, in 1779, (Journal de Physique),
3in1iounc~d a process for preparing fulminating mercury.
His
:)rocess, however, is different from that described.
A soluiion of mercury is made in nitric acid, and precipitated
by
caustic aIba.ii. The precipitate
(oxide of mercury) is then
crrught on a filter, washed, and dried.
Thirty grains of this
powder, mixed with four or five grains of sulphur, and struck
with a heavy hammer, or heated on an iron, will explode
The oxide of mercury, obtained from its
with violence.
soiution by lime-water,
has the same effect, when treated in
the same manner.
Another process recommended is, to precipitate a solution of the perchloride
of mercury (corrosive
sublimate) by lime-water, and treat the precipitate with sulphur, as above described.
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This compound, which is more powerful than fulminating
mercury, is prepared also with alcohol. Descostils (&nnaZes
have
de Chimie, LXII. p. 198,) Cruikshank, and Brugnatelli,
all written upon it.
Fulminating
silver explodes without much heat. By the
slightest friction
it is inflamed, and detonation
follows.
Hence it is used in the form of toys, in fuhninating balls, bombs,
crackers, kc., which explode by falling on the ground. Torpedoes, pulling crackers, &c. are formed of this powder.
The fulminating balls are made of glass, and contain a grain
or two of fulminating silver, mixed with sand. The same
mixture, put on the ends of two strips of paper, and the ends
pasted, forms the pullin, m crackers; for the moment they are
pulled asunder, the friction produced sets the fulminating
silver on fire, and causes a detonation.
The same preparation placed on a wafer, and the wafer put
between paper, as in the sealing of a letter, will explode, when
the paper or the wafer is broken.
Fulminating
bombs are
balls of the size of a hazle nut, containing about three grains
of the fulminating
silver.
Their explosive effects are said to
be violent.
See Detonating
Works.
This powder, in consequence of its powerfu1 action, is dangerous; and, as it explodes so readily,
it should never be put

into a phial, nor should it he touched or handled in any way
that can produce friction.
Emu when made to approach the
flame of a candle, it will explode with extreme violence.
The preparation of Urugnatelli’s
fulminating
silver consists
in reducing 100 grains of nitrate of silver (lunar caustic) to
powder; and, when put into a basin, pouring over it one
ounce of alcohol, and the same quantity of nitric acid. The
mixture will become hot, effervescence will ensue, while the
whole will assume an opaque or milky appearance.
When the gray powder of the nitrate has become white,
and the mixture acquires consistency, distilled water is to he
added, to suspend the action.
The white precipitate is then
to be washed by repeated affusions of cold water, and dried
in the open air, but in a dark place, so as to seclude it f’rom
the light.
In fact, this process is similar to that for preparing fulminating mercury; for it is nothing more than treallng silver
Cruikshnnk
employs forty
with nitric acid and alcohol.
parts of silver, sixty parts of nitric acid, and sixty parts of
alcohol, from which sixty parts of the powder are obtained.
Berthollet considers this powder to be composed of ammonia, and oxide of silver, and the theory of its detonation to
be the same as that of fulminating gold. In its explosion, the
oxygen of the oxide of silver unites with the hydrogen of the
ammonia, and the nitrogen is disengaged.
Berthollet’s
fulminating
silver,
which he discovered in
which fulminates powerfuliy.
1XS, is another preparation,
It is prepared by precipitating
nitrate of silver by lime-water.
The precipitate 1s placed on filtering paper, which absorbs the,
Pure caustic ammonia is
water, and the nitrate of lime.
then added, which produces an effect somewhat similar to
that attending the slaking of Iime.
The ammonia dissolves
only a part of this precipitate.
It is left at rest for ten or
twelve hours, and at the expiration of this time, there is formed, on the surface, a shining pellicle, which is re-dissolved
with a new portion of ammonia, but which does not appear,
if a sufficient quantity of ammonia has been added at the
first. The liquid is then separated, and the black precipitate,
found at the bottom, is put, in small quantities, on separate
papers.
This powder explodes even when moist, if struck
with a hard body. When dry, the slightest friction will cxplode it. Its detonation is owing to the same cause as that
producing the explosion of the other preparation of this mctal, as it is also composed of oxide of silver and ammonia.
The fulminating
silver of Chenevix
explodes only by

a slight friction in contact with combustible substances. It
is nothing more than chlorate of silver. It is formed by passing
ohlorine gas through alumina, diffused in water, and afterwards digesting, in the liquor,
some phosphate of silver.
The whole is to be evaporated slowly. A single grain of this
powder, with three grains of sulphur, will explode by the
slightest friction.
For the preparation of fulminating silver, the formula given
by professor Silliman of Yale College, appears to possess some
advantages.
To an ounce of alcohol and as much nitric acid,
he adds 100 grains of pulverized lunar caustic. A-gentle heat
is applied to excite the action between them, which must be
removed, the moment they begin to act. When a thick white
precipitate appears, f>old water must be added to check the
action. The precipirste is then to be collected, washed, and
carefully dried: A grain or two will explode over a candle.
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The preparation,
called by some aurate of ammonia, is
~‘urmed by dissolving gold in nitromuriatic
acid, diluting the
solution with water, and adding gradually liquid ammonia,
until the precipitation
ceases. The precipitate is then to be
@aught on a filter, well washed with water, and dried in the
The fulminating
gold, thus produced, exceeds the
air.
weight of the original gold employed by thirty-three
per cent.
Three or four grains of this powder, heated on a knife, will
explode with a loud report.
The temperature required for
its explosion is between 230* and 300".
Ten or twelve
grains will penetrate a copper-plate, of the thickness of a
playing card. The facility with which this powder explodes,
is increased by drying.
If it be heated until it becomes
black, the slightest touch will cause a detonation. This powder is composed of oxide of gold, ammonia? and a portion of
chlorine; and, during its detonation, water, nitrogen and chlorine are evolved, the gold being revived.
The presence of ammonia is necessary to give to gold the
property of fulminating.
Fulminating -gold accordingly loses
this property, the moment the ammonra is separated.
Concentrated sulphuric acid, melted sulphur, fat oils, and ether
have this effect.
The discoverer of fulminating gold was a German Benedictine Monk, who lived about the year 1413. Hasil Valentine
has described the preparation
of it very accurately.
I-Ie rc-

commends, how
r, mixing sal ammoniac wijh aqua fortis,
the old mocle or making aqua regia, and distilling the inix.ture; then putting in the gold in ie3f. After the acid is satur*ated, he adds oleum tartnri,
or sad twtari
(carbonate of pota+
sa) dissolved in water; and the precipitated ealx, thus obtained, when collected, washed, and dried in the open air, will
fulminate.
In this process, it is evident, that the aqua regia,
prepared with sal ammoniac, contains ammonia, and, when the
gold is dissolved, and the potash added, the oxide of gold
separates, and, from the composition of the powder, must
combine with a portion of ammonia, and hence produce fulminating gold.
He remarks, that distilled vinegar digested
on fulminating
gold, destroys its fulminating
properties, and
observes also, that care must be taken to prevent its explo,sion. He also knew that sulphur would have the same effct.
Bergman ( Treatise on Pubis I;‘?llminuns/
describes the
process employed by Valentine; atld Beckman fMs!n~y
sf
inventions,
v. iii. p. 132,) observes, th:tt, after the time of
Valentine, Crollius, who lived in the last halfof the 16th century, was well acquainted with fulminating
gold, and made
its preparation
more generally
known.
in the OswnZd%
Crollii Bttsilicn Chymica, 4to, p. 211, published at Frankfort, in 1609, the process is also to be found.
He calls it
uz~r2m2
volatile,
and speaks of its being useful in medicine.
Beguin, however, appears to have given it the appellation of
if we judge from his Fyrocinizcnt
ctwum fulminans,
Chymicum,
12mo, printed in 1608.

While noticing explosive compounds, it may not be improper to mention that of platinum, lately discovered by hlr.
E. Davy.
It explodes, when heated to 400 degrees, with a
sharp report, similar to that produced by fulminating
gold;
but neither friction nor percussion will decompose it. It is
formed by making a solution of platinum in nitromuriatic
acid, and passing through it, sulphuretted
hydrogen
gas,
until no further precipitation ensues. This precipitate, when
collected, and digested in nitric acid, is converted into sulThis is dissolved in water, and liquid
phate of p!atinum.
ammonia then added. The precipitate, now formed, is washed, and boiled in a solution of potassa, and, after having freed
it from the adhering potassa, is suffered to dry. All, fulminating ammoniacal compounds are analogous; and fulrninatin;l:

platinum, bein g composed of oxide of
water, is decomposed in the same
pounds.
Fulminating platinum is composed
Peroxide.of platinum
82.5
,4mmonia
9.0 ’
Water
S.5
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platinum, ammonia, and
manner as these comas follows :
rkeady 2 primes.

Powder

l2-

from

Indigo.

That indigo produces a detonating powder by treating it
with nitric acid, is evident from erperimcnt.
As it produces
a purple light, it might, perhaps, be used advantageously in
small fire-works.
The process described by Dr. Thomson, /System of thekstry,
VOL.
IV. p. SO, timer. edit.) is to boil one part of indigo in four parts of nitric acid. The solution will become
Teilom, and a resinous matter appear upon ils surface.
The
boiling is to be stopt,and the liquor cooled. The resinous mat:er is then to be separated; and the solution evaporated to the
ronsistttnce of honey. This is to be re-dissolved in hot water,
2nd Iiltcrccl, and a solution of potassa added, which will
tll~ow down yellow spicular crystals, consisting of bitter
~vincQde, combined with potassa. When the resin is again
treated with nitric acid, the same bitter principle is produced. The spicular crystals, when wrapped up in paper, and
struck with a hammer, detonate with a purple light.

Iodine is a particular substance, which has the property not
only of’ combil~it7,cp with oxygen and hydrogen, forming iodic
and h~.clriodic acid, but also with various bases constituting a
class of’ bodies, called iodides. Its union with azote produces
a sin(guIar substance, which detonates with great violence,
when slightly touched or heated. It may be formed, by putIt will
ting a quantity of iodine into the wat,er of ammonia.
be gradually converted into a brownish-black
matter, which
is the iodide of azote. It is formed in this process by the
iodine, in the first instance, decomposing a part of the ammonia; the hydrogen
of which combines with a portion of
the iodine, and produces hydriodic
acid, which then unites
with the undecompoyed part of the ammonia, and forms the
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hydriodate
of ammonia; whilst the azote the other constituent of the ammonia, unites with another portion of the
iodine, and forms the compound
in question.
When exposed to the air, iodide of azote gradually flies o&
in vapour, without leaving any residue.
The products of its
detonation are iodine and azotic gas.
The iodide of azote was discovered by hf. Courtois, and
subsequently examined by &I. Colin.
Iodine, brought in
contact with ammoniacal gas, a combination taking place, produces a viscid shining liquid of a brownish-black
colour,
which, as the saturation goes on, loses its lustre.
This liquid does not detonate, and is considered to be an
iodide of ammonia; but, when it is added to water, it is tlecomposed, as well as the water, and we obtain two new compounds, as before observed, the hydriodate of ammonia, and
iodide of azote. This iodide detonates.
Hence j t is evident,
that hydrogen united with azote, in ammonia, prevents explosion; for the moment it is taken away, by the formation of
hydriodic acid, and the azote itself combines with the iodine,
a fulminating
compound is formed.
The elements of this
powder are feebly united.
It is found, that hydriodate of ammonia has the property of
dissolving
a large quantity of iodine, and, if suffered to remain with the iodide of azote, of decomposing
it also, and
setting the azote at liberty.
Water is said to have the same
effect, although feebly.
Iodate
of potassa, a salt composed of iodic acid and potassa,
when mixed with sulphur, and struck with a hammer, will
detonate, in consequence of the decomposition of the iodic:
acid. The iodate of potassa may be formed very readily by
agitating iodine with a solution of caustic potassa. The water
is decomposed, and the hydriodate of potassa is also formed,
which, being very soluble, remains in solution, whilst the
iodate separates, on concentrating the liquor, and suffering it
to stand.
Chlorate, as well as nitrate of silver, form with sulphur
fulminating
powders.
Iodic acid, called also ox-y-iodine, (prepared by exposing
iodine to the action of euchlorine,)
when heated in contact
with inflammable substances, and the more combustible metals, will produce detonations.
It appears, however, that sulphur has astronger affinity for
oxygen than iodine has, and iodine a stronger affinity than
chlorine for the same element.
Hence chloric acid is mere
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readily decomposed by inflammable
bodies than iodic acid,
and iodic acid, sooner than sulphuric acid.
The acids, which chlorine, iodine, and sulphur form respectively with oxygen, Gay-Lussac remarks, have their
elements more strongly condensed, than the same substances
rtnited with hydrogen.
Sect. XXX’%
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02, or Chloride

of Jlzote.

This oil is produced by the action of chlorine on ammonia,
by using some of the salts of this alkali.
A small jar of chlorine gas is transferred into a basin, containing a solution of
nitrate or muriate of ammonia, 2 little heated: an absorption
An oi7y
will gradually take place, and the gas be condensed.
&?m will now appear on the surf;lcc of the ammoniacal solution, which, as it increases, will form globules and fill1 through
the liquor.
This substance is the detonating oil, composed,
according to analysis, of chlorine, azote, and hydrogen.
It is
supposed by Messrs. Wilson, Porret, and Kirk, that the
hydrogen serves as a medium of union between the chlorine
and azote, and that, in detonation, the powerful effect is owing
to the chlorine.
Detonating oil expIodes violently at 212 degrees; and even
when touched with cold inflammable substances, as a portion
of olive oil, about the size of a pin’s head, the detonation is
also violent, and the vessel, in which the experiment is made,
will, in most cases, be broken into fragments.
Detonating oil is considered, however, a chloride of azote.
in order to prevent the decomposition of the chloride by the
ammoniacal salt, a thin stratum of muriate of soda, put into
the bottom of the vessel, is recommended.
Its specific gravity is 1.653.
Warm water, put into a vessel containing it,
will change it to an aeriform fluid of an orange colour.
‘L I
attempted,”
says Sir H. Davy, CCto collect the products of
the new substances, by applying the heat of a spirit-lamp to a
globule of it, confined in a curved glass tube over water: a
little gas was at first extricated; but, iong before the water had
attained the temperature of ebullition, a violent flash of light
was perceived, with a sharp report; the tube and glass were
broken into small fragments, and I received a severe wound
in the transparent cornea of the eye, which has produced a
considerable inflammation of the eye, and obliges me to make
this communication
by an amanuensis.
This experiment
proves what exctreme caution is necessary in operating on this
substance;
for the quantity I used was scarcely as large as a
grain of mustard sctrcl. ?’ Phjl. Trrrn.~. 181.3, Part I.
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In vacua,
it expands into vap~ur, which still possesses the
disappower of exploding by heat. In water, it gradually
pears, the water becoming acid, and szotc being evolved.
JJIercury decomposes it, and a white powder (calomel) i5
formed, while the azote is set at liberty.
Dr. Ure ( ChemiccrI .ZZctiosz~r~, Art. A%troge?~,) observes,
that the mechanical force of this compound, seems superior to
that of any other known substauce, not even excepting the
ammoniacal fulminating
silver.
The velocity of its action
appears to be likewise &eater.
The Doctor touched- a minute globule of it, in a platiua
spoon, resting on a table, with a fragment of phosphorus at
the point of a pen-knife, and the blade was instantly shivered
into fragments by the explosion.
R4essrs. Porret, Wilson, and Kirk (Nichobon’s
JOzcrnnl,
Vol. XXXIV,)
employed 125 different substances, by bringing them in contact; and out of that number the following
caused it to explode:
Supersulphuretted
hydrogen,
Sulphuretted oil,
Phosphorus,
Oil of Turpentine,
Phosphurct of lime,
Tar,
Phosphuretted
camphor,
Amber,
Camphoretted oil,
Petroleum,
Phosphuretted hydrogen gas, Orange peel,
Caoutchouc,
Naphtha,
Myrrh,
Soap of silver.
Palm oil,
Blercury.
Ambergris,
Copper,
Whale oil,
Lead,
Linseed oil,
Manganesc7
Aqueous ammonia,
Fused Potassa,
Olive oil,
Nitrous gas.
See Betona
f ing
PVork.~
According to fiIr. Davy, chloride of azote contains
4 vols. of chlorine = 10 +
or 4 primes = 18.0 +
l----azote
= 0.9722 5
l 1 -=
1.75,
or very nearly 10 by weight of chlorine to 1 of azote.

sect.A‘ATA-II. Of Pyp’ophorvs.
Pyrophorus is a black substance, aphids takes fire spon!a~leously, when brought into contact with the air.
It is the
luft-zunder,
or air-tinder of the Germans.
It first emits srll
phuretted hydrogen gas, and in a few seconds becomes r~1hot, burning with a bluish flame,
Pyrophorus
consists I:’
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alumina, charcoal, and sulphuret of potassa, and also, according to some, of potassium, which is alleged to be formed in
its preparation.
Be this as it may, it seems, that water is
decomposed in its combustion,
that sulphuretted
hydrogen
gas is emitted, which is inflamed by the oxygen gas of the
atmosphere, and that, during the combination of oxygen, a
degree of heat is produced, which causes the ignition
of
the charcoal, as well as the inflammation
of the remaining
sulphur.
Pyrophorus
may be formed in several ways, all of which
produce the same result.
The usual process is the following:
Take equal parts of brown sugar and alum, and melt them in
a ladle.
Continue the heat, gtirring them constantly until a
spongy black mass is formed.
Let this mass be reduced at
once to powder, and introduced
into a common green glass
phial, of the capacity of ahout six ounces, previously coated
outside with a mixture of pipe-clay and solution of borax.
Immerse the phial in a crucible, filled with sand, closing the
mouth of the former with a piece of charcoal, or a glass tube
inserted in it. Upon the crucible being exposed to a red heat,
an inflammable gas will escape, which will take fire.* When
this effect ensues, the heat must be continued for about twenty minutes longer, at the expiration of which time, the crucible must be removed from the fire, and the phial taken out
is to be preserved in it
2nd closely stopt. The pyrophorus
ground stoppered bottle.
The addition ot’on~sixteenth
part
of sulphate of soda, or Glauber’s saIt, to the aIum and sugar,
is said to make the pgrophorus
with more certainty.
a/ arious vegetable substances, besides sugar, ;~s flour, stal-cl), Src.
may be used. Three parts of alum, and one part of wheat
flour will make a good pyrophorus.
discovered this substance, in the year l&SO.
flomberg
llence it is sometimes called Hornberg’s
pyrophorus.
Hc
was operating upon a mixture of human excrement antf
alum; and, when he examined the contents of his vessel, in
LIlree or four days after, he was surprised to see it take fire
\pontaneously,
when brou,@t to the air. Soon after Lemery,
rhc younger, discovered, that honey, sugar, flour, or aImost
any animal or vegetable matter, could be used in lieu of human f’a-,ces; and, as &lacquer informs us, AI. Lejoy de Suvigny showed, that other salts, containing sulphurie acid, map
be substituted for alum. Mr. Scheele ( Tyenlise on &ye, &c.)
found by experiment,
that, when alum was deprived
of po* Tltis is a m~xeti ,gaa, composed
axicle.

of carburctted

hyhgen,

and caybnnic
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tassa, it was incapable of forming pyrophorus,
and that vitrielated tartar (sulphate of potassa) may be used in the place of
The experiments of llifr Proust prove, that a number
alum.
of neutral salts, composed of vegetable acids and earths, when
submitted to heat, leave a residuum that inflames spontaneously. This statement agrees with the experiments of M. CheFrom the experiments
and observations of sir H.
nevix.
Davy, and Dr. J. R. Coxe, late professor of chemistry, but
now of materia medica, &c. in the University
of Pennsylvania, it is rendered very probable, that pyrophorus owes its
property of inflaming spontaneously to a small portion of po-s
tassium, which is formed in the process.
The preparation of pyrophorus is explained on the principle, that the vegetable matter is first decomposed; that the
hydrogen and a part of the carbon decompose the sulphuric
acid of the alum, by uniting with its oxygen; that water, carbonic oxide, and carburetted hydrogen are disengaged, along
with a part of the sulphur; and that, while the excess of charcoal remains intimately mixed or divided with the alumina,
the sulphur and the sulphuret of potassa, form together a
compound, which has the property of inflaming spontaneously
in the open air. Sotne suppose, as alum is a triple salt, having
potassa, as well as alumina, for its base, that the potassa is de
composed in the process, and potassium, as we remarked,
produced; to the presence of which they ascribe the singular
property of inflaming in the open air.
The spontaneous combustion of charcoal, in several instances, is supposed by some to have been owing to the presence
of pyrophorus,
by others to phosphorus, and by others again
to nascent hydrogen.
To the presence of this substanrle, is
attributed the explosion of gunpowder
mills.
(See Gmpowder.)
Several different mixtures, and torrefied substances, form a
kind of imperfect pyrophori,
and have more than once occa-.
sioned fires, from no suspicion of their properties being en-tertained.
Besides pyrophorus,
other compositions,
which, in like
manner, take fire on exposure to the open air, have been b>degrees made known to us: 1. The scoria of the martial regu111s of antimony,
or antimony freed from sulphur by the intervention of iron and nitre, as well crude as also after being
dissolved, have been observed to take fire spontaneously,
when laid upon a hot stone, or in the sun. Of the truth ot
the latter case, Wiegleb says, he is assured by his own expe.
rience.
2. The residuum of the acetate of copper is anothp*‘ .
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pyrophorus.
3. Some assert, that they have observed an inflammation ensue from honey and flour, calcined according to
the rules laid down.
4. According
to Geoffroy,
a calcined
mass of three parts of black soap, and one of diaphoretic antiynony, has been known to take fire spontaneously.
5. Meuder has observed, that a pyrophorus is obtained, when equal
parts of orpiment and iron-filings
are sublimed together, and
ten parts of this sublimate are triturated in a mortar along with
twelve of nitrate of silver,
6. A pyrophorus
is produced,
accorcling to Penzky, when two drachms of white sand, three
of’ common salt, one of sulphur,
two of sulphuric acid, and
half an ounce of muriatic, are mixed together and distilled in
a glass retort.
In this operation, a sublimate is said to be
obtained, which bursts out in flames, as soon as it comes into
contact with the air, 7. The spontaneous precipitate of osteoeolla, from a solution of it in sulphuric acid, after having been
separated by means of a filter, and dried, took fire in a warm
place. S. Pott observed the same phenomenon in the earth of
the residuum, after the distillation
of urine, that had been
putrid for a considerable time. 9. To these may also be referred, a mass composed of equal parts of sulphur and irontilings; which, when thoroughly
moistened with water, after
some time, grows hot, swells, and at last breaks out into vapour, smoke, and flame. (See k2rtijcial
F’kkano.)
Cadet’s fuming liquor, prepared by distilling
equal parts
of acetate of potassa, and arsenious acid, emits a very dense,
heavy, fetid, noxious vapour, which inflames spontaneously
in the open air. Black wadd, an ore of manganese, when
dried by the fire, and mixed with linseed oil, gradually becomes hot, swells, and then bursts into flame.
M. Chenevix (,BnnaZes de Chimie, tom. LXIX,)
remarks
that almost all the metallic residuums, which are formed by
the distillation
of acetates per se, are pyrophoric, after cooling; which Mr. C. attributes to the presence of finely divided
charcoal, mixed with the metallic part. He experimented
on several acetates, with the view of ascertaining the quantity
of pyroacetic spirit they would yield, and found, in every
instance, that charcoal existed in the residue, sometimes with
reduced metal, and at other times with metallic oxide.
A
table of these experiments may be seen in Ure’s Chemical
The residuum of acetate of copper has long
IXctiona~y.
been known to possess pyrophoric propertiesf

This salt enters into the composition offire-works:
to give,
more particularly,
‘a pcc~uliar coiour to flame, which is that cli
green, or yeilowis!l-gr:en.
S:il ammoniac is a salt, composed
of muriatic acid and ammonia, and, when pure, is white, and
capable of bein g sub!in:ed without clecotnposition,
Its purity
may be known by its comljletc volatilization.
It is readil;
l)ulverized.
The experiment, sliowiug the formation of sal ammoniai:
by a direct union of its component parts, may be made by
bringing in contact, in a glass receiver, rnuriatic acid gas sand
ammoiliacal gas. JVhite clouds will form, a condensation
take place, and m&ate of ammonia be deposited ou the sitl~s
of the vessel.
Sal ammoniac was altogether made, at one period, from the
soot of camels’ dung, or of other ailinlais, ivhich kcd 011
saline plants. ‘The excrement was burnt, tfte soot collected,
and sublimed.
This was tite process practised in Egypt.
The composition of sal atnlnoniac being known, the process
for obtaining it cvas improved;
so that, instead of using the
soot of dung, it is now formed by the distillation of bones. .
The impure ammoniacal liquor, thus obtained, is combined
with suiphuric acid, by an easy process, and the resulting
sulphate of ammonia is then decomposed by muriate of soda,
by iyhich sulphate of soda and muriate of ammonia are proThey are separated, and tbc latter is formed into
duced.
heads by sublimation.
In this state, it occurs in commercr.
It was made in great quantity in the vicinity
of the tt::.~l~~le
of Jupiter Atnmon; and hence irs uame.
R’Ir. Mini&,
according to the English rvritcrs, is e:ltitlctl
to this method of convertills impure liquid ammonia into s:ji
The
foilowin~;
is an
outline of his process.
IIf:
ammoniac.
suffered the impure ammorlincal liquor to percolate through
a stratum of bruised gypsum, and as carbonate of ammonk
is contained in the liquor, the fluid, lvhich filters, would contain sulphate of ammonia, the carbonate of lime being insoluble. ‘l‘his sulphate he evaporated, and the dry mass, mixIf I am not grcat.1~.
cd with muriatc of so(!a, was sublimed.
mistaken, however, nltilougi~ I hai-e not the work to rercr to,
this process is described iu Dr. John I’~nnington’s
Chemiccr~
J;:ss(~ys, a work published in Phi!adoi$iia,
about 1793.
Or.
Pcnnlngton’s
IYOJ’~,
WC
may
oixcrve, is the first chemical
book which was published irl the Ultited States, and contains
That this pro
numerous important !‘tlcls an:1 observations.
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cess was known in Philadelphia,
and used at the Globe z~lorJL’s,
or rather Glaub works, (from the circumstance that Glauber’s salt was made there,) is within the recollection of many.
I heard the late professor Wistar speak of this process, and of
the economy in using gypsum.
Mr. Lebanc (.&naZes
de Chimie, vol. XIX.) invented
a process, hy which he brought the ammoniacal gas and muriatic acid gas in contact, in a chamber lined with lead. In
one pot, he put common salt and oil of vitriol; in another pot3
animal matter.
Eeing conducted by pipes into the chamber,
the gases united, and sal ammoniac was formed.
Other improvements have been made, as obtaining ammonia from coal,
soot, &c.
Ammonia is generated in artificial nitre beds, aad is at first
united with nitric acid; which compound is subsequently decomposed, as the process of putrefaction goes on, by the POtassa, calcareous earth, &c. present in nitre beds. See Nitrate
of Potassa.
Sal ammoniac is ready formed in the soot of animal feces,
twenty-six pounds of which yield six of the salt. According to ,Siccard, who published, in 1716, an account of the f”lrrication of ba
- 1 ammoniac in Egyyt, which Geoffroy, in the
same year, proved to be a compound of the spirit of sea salt
and volatile alkali, sea salt and urine were used in that country. The account, however,
given by Lemery,
in 1’719,
makes no mention of either sea salt or urine.
Sal ammoniac is found native.
It occurs in the vicinity
of burning beds of coal, both in Scotland and England, and
is met with in volcanic countries.
When trituratcd
with
quicklime, it exhales ammonia, which is a characteristic of
a!1 ammoniacal salts.
Sal ammoniac is often found in crusts of lava. Sir William
flamilton observes, that, in the fissures formed by the lava,
this salt sublimes.
He found, in the same locality, common
qllt.
Sal ammoniac is decomposed by a variety of substances.
Snlphuric acid will disengage the muriatic acid from it, while
time, potassa, &c. liberates the ammoniacal gas, which, when
combined with water by distillation
or other means, forms
lhe common spirit of sal ammoniac, or water of ammonia.
Ifixed with carbonate of lime and sublimed, it produces the
carbonate of ammonia, usually called mild volatile alkali, or
pungent smelling salts. Ammonia, in a separate state, unites
with some metallic oxides, giving rise to certain fulminating
powders, which have been already noticed.
That iodine deBB

composes ammonia, we have shown, when on the preparation
of iodide of azote, or fulminating
powder.
Sal atnmoniac enters into the composition of candles, TV
prolong their duration.
The process recommended in the
&chives
des Ilecouvertes
is the followi;lg:
Dissolve, in
half a pint of water, a quarter of an cJt1rlce
of Sal ammoniac,
two ounces of common salt, and half an ounce of saltpetre,
and add the solution to three pounrls of mutton tallow, and
eight pounds of beef tallow, l~cvinusly melted.
Contir,ue
the heat until all the water is evaporated.
It is then suffered
to cool, and, when used, is to be melted with a quarter of
an ounce of nitre, and forrned into candles in the usual manner. This preparation of tallow is highly recommended on
account of its economy, as well as the improvement
itself.
A candle, made of this tallow, will burn two hours Iongel:
than one of the ordinary kind.
’ Another process for making candles, in which sal ammoniac
is used, is mentioned in the cArznales des &~t.r et Munltfhcfures, A&Z. 142 and 146. Eight pounds of suet are melted,
and a pint of water is added. The tallow is again submitted
to heat, and the same quantity of water, holding in solution
half an ounce of saltpetre, half an ounce of sal ammoniac, and
one ounce of alum, is added. It is then suffered to stand, and
when used is re-melted. The wick is first dipped in a mixture
of camphor and wax. Care must be taken, before the tallow is
used, to evaporate the water.
Equal parts of beef and mutton tallow are recommended.
Sect. XX,y%V.

Of

Cowosftie

SubZin2afe.

Corrosive
sublimate, known in chemistry by the names of
corrosive muriate, and perchloride
of mercury,
is made use
of in some preparations of fire-works,
and particularly
in the
composition of stars, in which it is mixed with a variety of
substances, such as steel filings and antimony, in order to
vary the appearance of the flame, and to communicate to it
particular colours.
Corrosive sublimate is formed by various
processes, among which we may enumerate the following:
Take five parts of sulphuric acid, four parts of mercury, four
parts of muriate of soda, and one part of black oxide of manganese. Boil the mercury in the sulphuric acid, until it forms
a dry sulphate, which is to be reduced to five parts. Mix the
sulphate thus formed, with the muriate of soda, previously
dried, and the oxide of manganese, and sublime the mixture.
By this process the sulphuric acid of the sylphate unites n-it)r

the soda, and forms sulphate of soda; while the muriatic acid
of the muriate of soda combines with the oxide of mercury,
(which receives an addition of oxygen from the oxide of manganese,) and forms the perchloride,
called by Thenard the
deutochloride
of mercury.
The same process is used without the addition of manganese.
By exposure to heat, the
sublimate sublimes, and the sulphate of soda forms the residuum. The same salt, if re-sublimed with an addition of crude
mercury, wili be changed into the protochloride
of mercury,
or calomel.
Or, if the sulphate of mercury and muriate of
soda be mixed with crude mercury, and sublimed, calomel
will be formed at one operation.
It is sufficient to observe,
that corrosive sublimate is one of the most virulent. of poisons
when swallowed;
and therefore should be used with caution.
It is soluble in water, and capaij!e of crystallizing.
It is
also soluble in alcohol, to the flame of which it communicates
a yellow colour, and in sulphuric, nitric, and muriatic acids.
It is decomposed by alkalies, forming with ammonia a triple
salt, f&‘uZ &Zembroth,)
by the alkaline earths, and the me~1s or their sulpburets; and, when distilled with arsenic,
bismuth, antimony, or tin, the mercury is separated.
The proper antidote for corrosive sublimate, is the white of
egg or albumen, which converts it into calomel. Sulphuretted
hydrogen water may also be employed along with emetics,,
The effect of albumen, in this way, may be relied on.
Sect. XXXV.

Of

Orpime~~t.

Orpiment,
or the yellow sulphuret of arsenic, which is
i:ither native or artificial, is principally
used in fire-works for
the composition of stars, Orpiment is divided by some into
two kinds; viz. the red, called realgar, and the yellow, called
yellow arsenic.
Arsenic combines readily with sulphur.
When they are
(nixed together, and put into a crucible and fused, the product will be a red vitreous mass. This red sulphuret may also
be formed, by melting sulphur with arsenious, or arsenic
acid. Sulphurous acid gas will be evolved, evidently showing that a portion of the sulphur unites with the oxygen of
the acid employed.
When arsenious acid, known in commerce by the name of
white arsenic, and called by some oxide of arsenic, is dissolved in muriatic acid, and a solution of sulphuretted
hydrogen
In water ii; nddec!. a pellow precipitate
will be obtained
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which is orpiment. The hydrogen, in this case, unites with
the oxygen of the arsenious acid, by which the metal is reduced, and the sulphur then combines with it. A mixture of
sulphur and arsenic, exposed to a heat not sufficient to melt
them, will sublime into a yellow sulphuret.
Both the yellow and red sulphurets are employed in fireworks.
They are not, however, required, except in particular cases. In the composition of l3engal lights, given in the
,Bolnbardier or Poeket Gunner, by R. W. Adye, orpiment is
used. According to the same author, it is also used in Chinese white lights.
Both the yellow and red sulphuret of arsenic will detonate with chlorate of potassa.

The antimony, which enters into the composition of manyfire-works,
is not to be understood to be the metallic, or regulus of, antimony,
unless so expressed; but the crude antimony of the shops. Crude antimony is a combination of
antimony and sulphur, and is usually met with in fine powder.
That both antimony and its sulphuret have a powerful effect
in modifying the flame of gunpowder,
and all compositions,
in which nitre and inflammable substances form a part, is evident from the many cases, in which it is employed, and from
the effects that thereby result.
The different substances in any inflammable compound, in=
tended to produce particular colours, should be so mixed, as
that, from a knowledge
of the proportions
which produce
such colours, the efict may he retained, even when it is mix”
ed with other bodies. Fort this reason, the artist should know
the different effect of each ingredient.
Some may show themselves in the flame, some in sparks, some in stars, others in
fire-rain, and the like, as the case may be. Antimony,
for
instance, produces a reddish flame, if it be in a proper proportion, and not altered by the presence of other substances.
Hence, when antimony is mixed with nitre, the flame will be
more or less a wMish-green.
This modification,
or change iu the appearxlce of flame, is
apparent in certain compounds, of which antimony constitutes
;i part. Thus, antimony is used in the preparation of the common rocket stars, in drove stars, in the fixed pointed stars,
in some’of the gold and srlver rains, in the slow and dead fire
for wheels, in tourbillons for crowns or globes, in the compo<ition of serpents, lances for illumination,
Hengal li@ts, and
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many other kinds of fire-works. According to Adye, (Pocket
Gunner,) it enters into the composition of carcasses, Chinese
‘fights, &c.
When it is as one to sixteen of nitre, the gunpowder being
as four, and the sulphur, eight, the compositiou will produce
a white flame; but when it is in the proportion of eight to
sixteen of nitre, without any addition, the flame will be blue.
By substituting,
in its place, eight of amber to sixteen of
nitre, with sixteen of sulphur, and eight of meal powder, this
change will produce a yellow flame. It is obvious, however,
that these and similar changes are owing to the proportions,
as well as to the substances used.
Antimony,
in the st:ite of a sulphuret, when mixed with
chlorate of potassa, Szc. \t-ill form detonating compounds.
Antimony
is a grayish-lvhite
metal, more or less brilliant
It is brittle, and may be easily reduced to
and laminated.
powder.
It melts at a red heat, and evaporates at a higher
lemperature: on cooling, it crystallizes.
It undergoes no
change by exposure to the air, except the loss of its lustrc.
1Yben steam is made to pass over ignited antimony, the dec:omposition of the water is so rapid, as to produce a violent
detonation.
At a white heat, it burns, and forms a white
coloured oxide, called the urgedine
Jtowers of atztimony.
Its oxides are various, Some of wbicb, possessing acid properties, are called acids. The protoxide is gray, the antiF:aonious acid, white, and antimonic acid, of a straw colour.
The crocus of antimony, and the glass of antimony are oxides of this metal, but in particular
states of combination.
It unites with several 6f the acids. Its oxide, with tartaric
acid, and tartrate of potassa, forms tartar
emetic.
With.
chlorine, it constitutes the butter of antimony.
The artificial sulphuret may be formed, by melting sul-.
phur and antimony together.
The native sulphuret is almost
the only ore of antirnony,
and is the mineral from which
the regulus is obtained.
It unites with the metals, forming
;alloys of different kinds.

Yoiassa,
either pure or carbonated, retards the progress
oi combustion; and, therefore, may prevent,
accordilg
to
the proportion
employed, the action of combustible bodleson
ni tre. Combustion
may be retarded by using those substances, which are not in themselves inflammable, and which,
ff used in too 12ree 3 cl!~:~n:ifv: would effectually prevpnt itO

Ciay, wood ashes, kc. as in the blind fuse, act on this principle; and serve, also, in particular cases, to produce that
succession of explosions, which renders the effect of some
fire-works, more grand and impressive.
Rope, soaked in a
solution of saltpetre and dried, would burn rapidly, were it
not for the after immersion in potash ley, or urine, either of’
which arts by. retardin g the progress of combustion.
The
same thing may be said of other bodies, the use of which will
claim our attention hereafter. Potassa, although not generally
used for the purposes mentioned, as it is apt to deliquesce,
or absorb water, and thus destroy the effect altogether, may
be more advantageously employed in a liquid state, as in the
preparation of slow match in the way stated under that head.
But as match rope is now generally superseded by the portfire, as a more certaiu method of firing cannon, it would be
unnecessary, as it is irrelevant, to enlarge on this head. The
use, also, of the priming fuse, whi:ch conveys the fire to the
powder in the gun, with certainty and with rapidity, is au
improvement
of no small moment.
Alum has also been used for the purpose of checking the
rapidity
of combustion, in some particular fire-works.
In
one uf the formu13e for the preparation
of &e&Us,
to be
thrown with tht: hand, or fired from a gun, given in the tinr.oir OB Military
Fr’re-works,
as taught at Strasburg, iu
1764,
there is, besides sulphur, mutton suet, saltpetre, and
equa1 to one-fourth of the weight .
antimony, nitre of ahm,
That this salt, the supersulphate of aluof the compound.
mina and potassa, is used to make paper, as cartridge paper,
&c. incombustible,
is zt fact, with which every one is acquai nted.
We might, also, enumerate the uses of glue, isinglass, gum
arabic, &c. for similar purposes; and also of wood-ashes, in
the composition of the? so called, blind fuse. Light twist.ed
white rope, when soaked in strong Icy,
or a strong
solution
will form a slow match that will
of potash, we are informed,
burn only three feet in six hours.
Potash is obtained from wood-ashes, by lixiviation
with
water, and evaporation.
It contains more or less impurities;
and always carbonic acid, from which it is separated by quicklimo, the alkali being rendered caustic. Some of the foreign
ingredients
are burnt off by exposing it to heat in an oven,
It then assumes a white, somewhat peurly appearance, and
takes the name of pearl-ash, but is still the Sam& alkali.
Wood-ashes, when mixed with quicklime,
and lixiviated,
produce caustic ley, the strength of which depends on thr

JEC

I XXXVII.]

Carbonate

of Potassu.

191

quantity of alkali held in solution.
It is this ley, when boiled with oils, fat, &c. that produces soft soap. Harcl soap is
a combination of oil or fat, aud soda. The quantity; of real
alkali in potash may be known by the proportion ot acid required to saturate a given weight of it. Potash, pearl-ash,
salt of tartar, and salt of wormwood are all carbonates of potassa. This alkali is called the vegetable alkali, because it is
It is considered to be the hydratobtained from vegetables.
ed deutoxide of potassium, and when decomposed will furnish
potassium.
‘Tabk of the saline or soluble products of one thouscmd
vegetables.
pounds of a sh es of the following
BALIPr-E

*h

t

Stalks of Turkey wheat,
Stalks of sun-flower,
Vine branches
Elm
Box
Sallow
Oak
,4spen
Beach
Fern, cut in August,
ing to Wildenheim.
Wormwood
Fumitory
Heath
I

PRODUCTS,

19811~s.
349
162.6

ltiti
7s
102
111
61
219
116,

or 125

accord-

74s
360
115

The observations of Mr Kirwan on potash may be seen iI!
,&kin’s Chenaica I Dictionary.
When a piece of hydrated potassa is placed between two
disks of platinum,which
are brought in contact with the poles of
agalvanic battery, consisting of upwards of 200 pairs of plates,
t-our inches square, the oxygen will separate at the positive surface, and small metallic globules of potassium will be formed at
the negative surface. The potassa, in the mean time, wili
undergo fusion.
Sir II. Davy discovered potassium, in 1~07.
It may bc
obtained by means of iron turnings, in the following manner:
Heat the iron turnings to whiteness in a curved gun barrel,
and suffer potassa, in a state of fusion, to fall upon them ver)
gradually, air being excluded: potassium will form, and col.iect in the cool part of the tube. For the different
facts re
spccting this metal, consult Sir H. Davy’s communication -
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on the subject, and the memoirs of Gay-Lussae and Thenard,
Curadeau, Src. See also, Davy’s Chemical Philosophy,
and
Thenard’s Trait& de Chimie.
Potassa unites with, and neutralizes, acids, and forms salts;
the principal of which are the sulphate, muriate, and nitrate
of potassa. It unites also with sulphur, phosphorus, L&c.
Potassa, in the state of carbonate, is very soluble in water,
for which it has so strong an affinity, that, when exposed to
the atmosphere, it deliquesces and becomes fluid.
Caustic
potassa undergoes the same change, in a more remarkable degree. It is on account of its great avidity for water, that
the carbonate is used in the preparation
of alcohol from
spirituous liquors; it retaining
the water, while the alcohol
may be distilled over.
Potassa has a stronger affinity for the acids, than either the
earths or metals; hence it decomposes earthy and metallic salts,
the earth or metallic oxide being precipitated, while it unites
with the acid of the salt. It is on the same principIc, that earthy
and metallic salts decompose soap; and wz ters which are hard,
and owe that property to tile presence of earthy salts, will
curdle, or, in other words, decompose soap. Such waters,
for this reason, are called hard.
Acids have the same effect
in decomposing soap.
The use of potassa is sery apparent in the manufacture of
aaltpetre.
When the nitric acid is combined with an earthy
base, as in the calcareous nitre of the nitre caves of the westtern country, potassa from wood-ashes will decompose it, on
the principle already stated; and, by combining with the nitric acid, form nitrate of potassa. It is used also in refining
saltpetre, where earthy salts are present, besides common
salt. The effect of this alkali, for that purpose, will be more
obvious, by referring to the processes for the extraction and
refining of saltpetre, in the article on that subject.
Potassa acts as a flux for siliceous substances and forms
glass. These are its prominent characters.
Sect. XXXVIIL

Of Wood-A’shes.

Wood-ashes, the product of the combustion of wood,. con=
tain potassa, some foreign salts, and earthy and sometimes
The quantity of
metallic substances, insoluble
in water.
alkali, which ashes, obtained from different woods, furnish,
is greater or less, according to the nature of the wood. The
ashes of the oak are generally
used in pyrotechny;
but it
seems to us, that ashes in common will have the same effect.
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The ashes, for this purpose, should be dry, and passed
through a fine sieve. They enter into the composition of
blind fuse.
In some instances, the leached, or lixiviated ashes might be
used. ‘The residue, after the separation of alkali and saline
matter by the action of water, is nothing more than the insoluble part of the ashes. Caustic ley is always obtained
from wood-ashes, by mixing them with about a fiftieth part
of quicklime, and putting them into a barrel or tub, and adding water.
Th e 1’lme takes up the carbonic acid, and the
ley comes off in a caustic state. If the solution should not
contain a sufficient quantity of potassa, or not bear an egg,
as that is the usual criterion of its strength, (which depends
on its specific gravity,) its strength mav be increased bv evaporation; and, if too strong, simple dilution with water; is all
that is nesessary.
While the ashes of some plants, as the upland plants, generallv yield potassa; others, as manv marine plants, the salicorn>a
europea, saisola tragus, salsib
kali, WC. aflbrd soda
by incineration.
It will be sufficient, however, to observe,
that the ashes of all plants contain alkali, in more or less
quantity, which depends on various circumstances; and that
the alkali may be extracted by lixiviation,
and, in some instances, may even be seen among the ashl>s, in a semivitrified
mass. The white ashes, which are formed by the combustion of animal matter, as osseous or lxm~7
substances, we
rnagr remark, do not afford potassa or soda, but only phosphate of lime, and some uncombined earths.
L;oucs, nevertheless, may, like wood, be carbonized, although the charcoal
formed is of a different nature.
For the preparation
oi
phosphorus from bone-ash, see the article Phosphorus.
Sec. XXXIX.

Of

Clay.

Clay is an argillo-siliceous
subst:lnce, of a colour more or
less yellow, and containing a variable quantity of silica and
alumina, with oxide of iron. There are a variety of clays;
the commou potter’s clay, pipe clay, porcelain clay, &c.
Some contain, and others are free from iron. Those that contain this me&l burn red; while those which remain, or hecome white in the process of burning, are free from it.
The use of clay iu fire-works is confined nearly altogether
to rockets.
In the driving of sky.rockets, &c. the charge
must always be driven one diameter above the piercer, and
on it there is sometimes rammed one-third of a diameter of
cc
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through the middle of which a hole is bored to the
composition, so that, when the charge is burnt to the top, it
may communicate its fire through the hole, to the stars in the
head. This, h owever, is not always the case. See Rockets.
The clay for fire-works, is usually prepared of the common kind, which contains neicher stones nor sand. It must
be first baked in an oven, until perfectly dry, and then pulverized, and sifted through a common hair sieve. In China,
the Chinese mostly employ, for this purpose, their white porcelain clay.
clay,

Sec. XL.

Of

~~ickiime.

Lime, as it is found in nature, is combined with carbon=
ic and sulphuric acids, and less frequently with some of the
other acids, as the nitric, fluoric and phosphoric.
Calcareous
carbonates are the most abundant; in which we include marble, limestone, and chalk; and the sulphate, or gypsum, may
be considered the next. Lime constitutes the basis of marine shells; for, when burnt, they furnish quicklime,
Its
union with nitric acid is well known, forming the calcareous
nitre of the saltpetre caves of Kentucky, &c. we have mentioned this combination under the head of nitre.
Without enumerating
all the chemical properties of lime,
it will be sufficient to remark, that it is composed of calcium and oxygen, and, when slaked with water, will evolve
caloric in a free state, while the water solidifies or combines
with the lime; that it forms with water, a solid hydrate, an
example of which combination is afforded by the preparation
df mortar; that it dissolves in water, and forms lime-water,
and is slaked by exposure to the air., absorbing, at the same
time, carbonic acid; that it unites with acids, like other salifiable bases, and forms salts, some of which are soluble in
water, and others not; that it deprives the alkalies of carbonic acid, and renders them caustic, being itself changed
into a carbonate; and, that it unites with sulphur and phosphorus, forming a sulphuret and phosphuret, and, also, with
hydroguretted
sulphur, and sulphuretted hydrogen, forming
a hydroguretted
sulphuret, and a hydro-sulphuret.
When limestone, marble, &c. are burnt in a kiln, the carbonic acid is expelled, and quicklime formed.
Quicklime
and lime, chemically speaking, are synonimous terms.
The fluor, or Derbyshire spar, is a fluate of lime. When
this substance is distilled in a leaden retort, with sulphuric
acid, we have sulphate of lime, and fluoric acid gas, called
by some Ilydro-fluoric
acid. This acid, when received in wa-3

ter, is used to etch on glass, in the same manner as nitric
acid on copper; and while applied in a liquid state, or in
that of gas, it acts on the glass, by combining with the silicon, and is changed from the hvdrofluoric,
into the silicated
fluoric acid. If, instead of employing a leaden vessel, we
make use of a glass retort, or introduce powdered glass or
silica, into the leaden vessel, in either case, we obtain another acid, which we have just mentioned, the silicated fluoric
acid; in consequence of the union of silicon with the supposed radical of the fluoric acid, known by the name of fluorine.
Quicklime is occasionally, though but rarely, employed in
fire-works.
That it increases the strength of powder, is asIts use in making
serted by Dr. Bayne.
See Gunpowder.
slow match, along with other substances, is given in the article on that subject.
Sec. XLI.

Of

Lapis Cahnimwis.

That some of the ores of zinc are employed in fire-works,
is evident from the use of lapis calaminaris, or calamine
stone, which is an impure carbonate of zinc. Calamine should
be finely pulverized
and sifted. As zinc gives a particular
colour to flame, (see zinc), its carbonate may also communicate a colour, and, under particular circumstances, may pro. duce a-great variety, and, therefore, in such cases, be preferable to the zinc itself. It is one of the ingredients in the
dead *fire for wheels, which is composed of lapis calaminaris,
saltpetre, brimstone, and antimony.
The modifications,
to which particular
bodies are subject, as to their respectiv e effects, depend very greatly on the
presence of other bodies, and frequently on the chemical action, which ensues throughout;
so that, as we had occasion
to observe, the cfict which one body would produce on the
flame, may be completely changed, modified, or varied by the
presence of a second, third, or fourth substance. The art,
therefore, of uniting various bodies, in kind, as well as in
proportion,
so as to produce a given effect, can be acquired
only by a series of experiments. Zinc, as a metal, when finely
divided, produces a peculiar effect; when mixed with other
metals, and with certain salts, as sal ammoniac, another; and,
when combined with some acids, as the carbonic in lapis calaminaris, a third effect; and these effects may be governed,
as it appears, by the presence or absence of certain bodies.
This fact will appear more striking, when we consider the va-

rious mixtures, and their respective
of zinc, see that article.

properties.

For the uses

Zinc, commonly called spelter, is a metal, obtained from
blende, or sulphuret of zinc, and calamine, or carbonate of
zinc. l’he ore is first roasted, and then mixed with some
carbonaceous flux, and submitted to the action of heat in
close vessels. ‘I’he metal is volatilized,
and passes over, and
is usually caught in water.
It is then fused, and castr in
moulds.
Zinc possesses many remarkable properties, some of which
are the following.
It is of a brilliant white colour, with a
shade of blue, and is composed of a number of thin plates,
adhering together. Its specific gravity is more than six times
that of water.
It is brittle, but, when heated to 212 degrees,
may be hammered out, or made illto sheets. At 4000 it
becomes very brittle.
Its tenacity is so feeble, that a wire of
will support a weight of only
l-10th of an-inch in diameter,
36 pounds. At 680~ it melts, and above that temperature,
evaporates.
It soon oxidizes, and its lustre is therefore tarnished.
At common temperatures,
it soon decomposes water; and, when the vapour of water is passed over it at a
high temperature, the decomposition
is very rapid, the oxygen of the water being absorbed.
Zinc is soon oxidized
when melted and exposed to the air, forming a gray oxide.
At a red heat, zinc inflames, arid the product of combustion is the white oxide of zinc, or flowers.
The oxide of
zinc is reduced by mixing it with charcoal, and exposing the
mixture to a stro~~g’ heat in cclose vessels.
Zinc will burn in chlorine gas, and forms a chloride of
zinc, If the perchloride of mercury and zinc-filings be heatThis chloride
cd together, the same compound will result.
melts at 2w, and rises, in the gaseous form, at a heat much
below ignition. It was formerly called the butter of zinc, and
muriate of zinc. With iodine, zinc forms a compound, called
iodide of zinc.
With phosphorus and sulphur, zinc also combines, and
with the latter, it forms the native sulphuret,
known by
the name of blende. It unites, also, with acids, and forms
salts. Of these, the sulphate of zinc, or white vitriol, is
the most common.
It unites with various metals, forming
alloys. Of these, that with copser, called brass, is the most
With
known.
Zinc, with copper, forms galvanic batteries.
tin and mercury, it constitutes amalgam for electrical ma-

SEC:.

XLIfI.]

zinc-Brass.

chines. It forms, besides brass, the yellow copper, or laiton,
commonly called pinchbeck.
Acetic acid readily dissolves zinc. The acetate formed is
not altered by exposure to the air, is soluble in water, and
burns with a blue flame. It may be used, therefore, in fireworks, to communicate that colour to flame. It may be formed
very expeditiously,
by mixing about equal parts of sulphate
of zinc, and acetate of lead, both being in solution. The sulphate of lead, which is formed, will precipitate, and acetate
of zinc remain in solution. Bv evaporation; it is obtained in
This salt cannot iujure any composition of firecrystals.
work, in which it enters; as it does not dcliquesce, and, for
that reason, may be advantlgeousiy
employed.
When zinc is used’in tire-works, it should be remarkably
fine. The powder may be very readily formed, by heating it,
until it is about to fuse, and p.~tiverizi~g it while hot, in a
warm mortar. It is generally considered, however,
that the
best method of obtaining the powder of zinc, although a
longer time is required, is by filing it; but the filings arc
moor or I?:ss coarse, according to the file which is used. They
may iw sii’ii cl, arld thus obtained
of any degree of fineness,
In various blLiC lipjlts,
i11 the blue flame of the parasol and
cascades, and other descriptions of fire-works, it is used. It
gives a more brilliant li qht than any other substance used for
It is frequently nlixed with otbcr substances;
this purpose.
but, as to its peculiar properties, they rcnlain the same. By
the combustion of zinc, which follows in fire-works, it always produces an oxide. In this state, it is expelled, or ’
thrown OF.
Acetate of zinc appears to possess advantages over zincfiling, especially as it produces the same colour, may be more
readily mixed, and with more accuracy, and does not deliquesce or absord moi:.ture, a circumstance which must always be guarded against in artificial fire-works.
Sec. XLIII.

Of Bmss.

This is a mixed metal, composed of copper and zinc. This
alloy, according to the proportion
of the metals, is more or
less yellow, or reddish-yellow.
The yellow copper, or Zaiton of the French, the similor, Manheim gold, prince Rupert’s metal, &c. are alloys of the same metals.
Zinc readily unites with copper; and the usual manner of
forming brass by brass-founders,
is to make a direct union
between the two metals. The process, however, generally
consists in mixing together granulated copper, calamine, 0;
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carbonated oxide of zinc, and charcoal in powder, and melting them in a crucible.
The charcoal reduces the zinc,
which then unites with the copper.
The heat is kept up for
five or six hours, and towards the last of the process, is
raised.
Zinc, in small proportion, renders copper pale, and
in the proportion of one-twelfth, inclines its colour to yellow.
The yellow colour increases in intensity with the zinc, until
the weight of this metal in the alloy equals that of the copper.
An increase of zinc, afterwards
makes the alloy white. English brass contains one-third of its weight of zinc. In Germany and Sweden, the proportion of zinc varies from onefifth to one-fourth of the copper.
Twenty to forty parts of
zinc, with eighty to sixty parts of copper form the cuivl*e
jnune, laiton, or yellow copper of the ‘Erench.
Dutch metal, or Dutch gold, is a fine kind of brass, and
comes in leaf,-which is about five times as thick 3s gold leafThis brass is made by the cementation of copper plates with
calamine, and hammered out into leaves.
According to Thenard ( rfi*nite’ cle CI~imie, tome i, p. 42’S),
the French use 5~ parts of calamine, mixed intimately with
20 parts of charcoal, and stratified in a crucible with 30
parts of laminated, or granulated copper. British brass consists of two parts of w,
and 1 l-8 parts of zinc, by
weight.
The filings of brass are much employed in fire-works+
They communicate to stars, rains, &c. a flame between a blue
and green.
In some, the filings of copper alone are used.
A beautiful
green fire, for instance, is produced by 16 ounces of gunpowder, and 3 l-4 ounces of copper-filings.
Verdigris is also employed for the same purpose; but the effect
is not so striking, as in that preparation, the copper is already
The effect of copper in fire-works, it is to be rea
oxidized.
collected, depends, like that of other metals, on its combustion, and consequent oxidizement.
The product of the combustion of brass, is oxide of copper, and oxide of zinc.

The union of copper with tin, in various proportions,
forms gun-metal, bell-metal, the mirrors of telescopes, and
bronze.
The ductility of the copper is diminished by the tin; but
its hardness, and tenacity, as well as its fusibility and sonorousness are increased.
To form a complete union of the two metals, they should
he continued in fusion for some time, and constantly stirredi
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The tin is apt to rise to the surface, unless this precaution
is used.
Bronze is usually domposed of 100 parts of copper, and
8 to 12 parts of tin, It is yellow, brittle, heavier than copper, and has more tenacity.
The same metals, and in the same proportion, constitute
gun-metal.
In the brass ordnance made at Woolwich, the
proportion
of tin varies from 8 to 12, to the 100 parts of
copper. The purest copper requires the most. That the alloy
is more sonorous than iron, is evident from the report of
brass pieces, being louder than that occasioned by iron
guns.
When the alloy is 78 of copper and 22 of tin, it is chiefly
used for clocks. There is, in the English metal, about five
per cent. of zinc, and four per cent. of lead. The proportion of tin, in bell-metal, varies. In church bells, less tin is
used than for small bells. In the latter, zinc is sometimes
added.
The Tam-tam,
or gong of the Chinese, used for cymbals,
clocks, mirrors, &c. contains, according to analysis, 80 parts
of copper, and 20 parts of tin. The proportions,
however,
are not always the same.
The ancients made cutting instruments of an alloy of copper ahd tin. A dagger, analyzed by Mr. Hielm, consisted
of 83 7-8 copper, and 16 l-8 tin. Vessels of bronze were
frequently covered with silver.
Some of this kind were
found in the ruins of Herculaneum.
Pliny observes, that ancient mirrors were made with a
mixture of copper and tin; but that, in his time, those of
silver were so common, that they were even used by the maid
servants.
The quantity of tin, to make the most perfect
speculum, depends on the quality of the copper. If the propdrtion of tin be too small, the composition will be yellowish; if it be too great, the composition will be of a grayishblue colour.
Mr. Edwards casts the speculum in sand with
its face downwards; takes it out while red-hot, and places it
in hot wood-ashes to cool, otherwise it would break in cooling. The mixture is first granulated, by pouring it into waJ+Ir. Little
ter, and then fused a second time for casting.
recommends the following proportions:
32 parts of the best
bar copper, 4 parts of brass, or pin wire, 16 l-3 of tin, and
1 1-4 of arsenic.
Whether for speculum metal, bronze, or gun-metal, the
metals must be mixed exactly, and for this purpose be kept a
long time in fusion, and constantly stirred; otherwise, the
alloy will not he of a uniform quality, as the greater part Of
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the copper will sink to the bottom, and the greater part of
the tin rise to the surface.
When we speak of bras3 guns,
as that name is generally applied to them, we are to understand, that they are not made, like brass, of an alloy of copper and zinc.
The ancient metallic mirrors, which were in use before
the present mirrors, or the discovery of glass, and the mode
af applying to its surface an amalgam of tin, were composed
of two parts of copper and one part of tin. Mr. &I udge
asserts, that the best proportion
for mirrors is ~2 parts of
copper and 14.5 pai.ts of tin. Klaproth found a spcciinen of
ancient mirror to consist of s:! of tin, 8 of lead, and 62 of
copper.
The alloys of copper alid tin may be decumposed
by dissolving them in an acid, the muriatic for instance, and
immersing a sheet of iron, which will precipitate the ccs\>per,
The tin may then be separated by immersing a plate of lead,
or zinc, by either of which metals, it will bc prticipitated.
Bronze, being a mixed metal, in which the copper forms
the principal ingredient, is sometinlcs used in fire-works, in
lieu of copper or brass; f3r its e&cts are similar.
By the
combustion of bronze filings, we have an oxide of copper
and an oxide of tin,
Sec.

XLV.

,
e

Of Mosaic Gold.

This name, or nurum mu&urn,
was given to a preparation
It is considered to bc
of tin, composed of tin and sulphur.
a persulphuret
of tin.
Several methods are recommended for preparing this substance. The oldest process is to sublime a mixture of 12 parts
of tin, 7 parts of sulphur, 3 parts of mercury, and 3 parts of
sal ammoniac.
kt may be formed by heating together in a
retort, a mixture of equal parts of sulghur and oxide of tin.
It is used principally for rubbing the cushions of electrical
machines, and for bronzing wood.
In fire-works, it is sometimes employed under the name of gol&~owa’er.
It was supposed to be a combination of sulphur with the
oxide of tin. Dr. J. Davy (PM. Trans. 1812, p. 199) and
Berzelius, (Nch. Jour. xxxv, 165), have proved, however,
that it is nothing more than metallic tin and sulphur; the proportions of which, according to the former, are 106 of tin
+ 56.25 of sulphur.
Mosaic gold is of a yellow colour, resembling that of gold.
I[t is insoluble in water, and is not acted upon by muriatic or
nitric acid, The nitromuriatic,
however, decomposes it. A
solution of caustic potassa dissolves it, forming a green so-
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lution, which is clecomposed by acids, letting fall a hydrosulphuret of tin. It deflagrates with nitre.
When it is used in fire-works, it is pulverized,
and sifted.
It is more generally employed as a pigment to impart a goldWhen mixed
en colour to small statues of plaster-Paris.
with melted glass, it is said to imitate lapis lazuli,

Both iron and steel are used abundantly in fire-works.
It
would be unnecessary to detail the preparations,
in which
they are employed, which may be seen by a reference to the
different kinds of fire, and to their respective formul~.
Cast iron is more employed in artificial fire than forged
iron or steel, at least in the preparation
of some, as gerbes,
white fountains and Chinese fire.
The filings o i! iron and steel may be sifted through sieves,
Their
A fine hair sieve will answer for common purposes.
fineness depends, in the first instance, on the file, which is
used. Steel or iron filings are more commonly employed in
the compositions for brilliant fire.
The sparks produced by cast-iron are very brilliant;
but
the reduction of the iron to powder, or to a degree of fineoperation.
ness sufficient for use, is a diflicuft
It is of too
hard a nature to be cut by a file.
This operation is generally performed
in the following
manner: Procure from an iron foundry, some thin pieces of
east iron, such as generally run over the mould at the time of
casting, and pound them on a block, made of cast iron, with
an iron hammer of four pounds weight, putting, under the
block, a cloth to catch the pieces of iron, which fly off. The>,
are beaten with the hammer in this manner, until the whole
is reduced to grains, which are more or less small.
It is
then thrown into a sieve, which should be fine, and the dust
This is used, in the place of steel dust, in small
separated.
cases of brilliant fire. The remainder is then put into a sieve,
a little coarser, and again sifted.
This portion is preserved
The same operation is repeated, but with sieves
separately.
of different sizes, till the iron passes through about the bigness of small bird shot.
The pulverization
may be effected in an iron mortar, with 3
steel pestle, having the mortar covered in the usual manner,
to prevent the escape of the finer particles of the iron,
According to a writer in the Dictiomaire
de 1711’uhut~i~
vol. iii, p. 34, the Chinese prepare their iron-sanct fx b;,.Dn

works by igniting iron, and plunging it in cold water. They
then pulverize the scales thus formed, and pass the powder
obtained, through different sized sieves, which is then called
No. I, 2, t’;, 4, &c, as it is very fine or coarse. This cannot
be a good method, and we doubt whether it is at present employed; because it is obvious, that the scales, in this case,
consist of the metal in the state of protoxide.
D’Incarville,
a missionary at Pekin, obtained the process for making Chinese fire; and observes, that the pulverized
cast iron they
of which they have six numbers
employ is called it-on-sand,
or varieties.
As the goodness of iron or steel dust, in fire-works, depends greatly on its being dry, and not oxidized or rusted; its
preservation
must be accordingly
attended to. The usual
preservative
is to put it in a box, lined with oiled paper, and
covered with the same, or in tin cannisters, with their mourhs
well closed.
When it is to be used, it is taken according to its size,
and in proportion
to the cases, for which the charge is intended.
Large gerbes, of 6 or 8 lbs. require only the coarse
sort.
As the brilliancy of the sparks, produced by the iron and
steel dust, is a desideratum
in the formation of some fireworks, and as this brilliancy depends upon the nature and
quality of the metal, it may not be improper to offer some
remarks on these subjects.
That iron, when finely divided is capable of producing
sparks of fire, is a well known fact; and we see it daily in
the operations of the smith, when ignited iron is hammered
on the anvil.
The scintillation produced by the steel, when
struck with a flint, is of the same character.
In the latter
case, the metal is actually fused, and, when caught on a
paper, and examined with a microscope, will appear globuIIence it is, that gunpowder is inlar, and partly oxidized.
Gamed by this spark, which is nothing more than highly
ignited, and i&lamed iron, possessing a temperature more
than suflicient to inflame gunpowder*
The eRcct, therefore, that results from the inflammation
of
&-e-works, in which iron or steel forms a constituent part, is
rlotlninr, more than a vivid
combustion of the metal; and
Juring that process it becomes oxidized, as it does not form
231~acid with oxygen, like arsenic, antimcny, and some other
anetais.
The combustion of iron or steel may be shown by a ver>Mliant
experiment,
that of burning it in oxygen gas, A
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steel wire, harpsicord wire for instance, formed into a spiral,
with a small piece of wood dipped in sulphur, stuck on its
end and then set on fire, upon being immediately
introduced
into a bottle, containing pure oxygen gas, will burn with
great brilliancy,
emitting a number of sparks or scintillations, which fall like rain.
In making the experiment, some
sand should be put into the hottle to prevent the sparks from
breaking it. This experiment illustrates the rapid combustion
of iron, or steel. For the oxygen gas supports the combustion; and while the oxygen is actually taken up by the metal,
which becomes oxidized, and therefore increased in weight,
in the same manner as it does when inflamed in fire-works,
the caloric, the other constituent of oxygen gas, is given out
in a free state, and, with the light at the same time evolved,
produces the phenomena of combustion.
Many other experiments might be mentioned, in which
the same effects take place, and from which the same conclusions may he drawn.
But with respect to the e,j%ct,
whether it be dull, brilliant, or very brilliant,
depends more
on the quality of the metal, than perhaps, on its subsequent
mixture with the other materials.
Crude iron, usually called
cast iron, seems to possess this property in an eminent degree; but in the experiment with oxygen gas, steel is always
preferable,
as the combustion is more rapid, and the effect
more striking.
The difference,
which we will not attempt
to explain, may depend on the stute, as well as the proportion of carbon, which enters into crude iron, as well as steel.
In one case, the combustion ensues in contact with nitre, and
in atmospheric air; in the other, in contact only with ox).gen
gas. Be this as it may, this inference is conclusive, that,
in all cases of the combustion of iron in fire-works, the metal
itself unites with oxygen, and the result of the combustion
is an oxide of iron; and with respect to the carbon, in both
instances, it is converted alike into carbonic acid.
So that
whether the iron receives its oxygen from the nitre, or from
the air, or from both, is immaterial, as the products are the
same*
When iron is exposed to the atmosphere, it tarnishes, and
is gradually
changed into a brown or yellow powder, called
rust.
This change is owing to its combination with oxygen;
and its affinity for oxygen is such, that, when the val)our of
water is made to pass through an ignited gun-barrel, it is
decomposed, the metal becoming oxidized, and the hydrogen, the other constituent of the water, being liberated in the
form of gas.
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Gun barrels are browned by a prccess of oxidizement.
There are several processes recommended.
One of which
is, to rub the barrel over with diluted nitric or muriatic
acid, and then, to lay it by for a week or two, until a comA brush, made of iron wire, is
plete coat of rust is formed.
then applied; afterwards, oil and wax, and the barrel is finished by rubbing it with a cloth. The gunsmiths in Philadelphia use a mixed solution of sulphate of copper, tincture of
the muriate of iron, and sweet spirit of nitre. This they apply by means of a cloth. The object is to form a rust, and to
render it permanent on the barrel bv hard friction along
with wax. When sulphate of copper is employed, metallic
copper is precipitated
on the barrel.
A coat of rust, put on
in this manner, prevents effectually the oxidizement
of the
iron; and in point of utility, and the saving of labour in
polishing and keeping muskets in order, the browning of barrels is certainly advantageous in the land service. At sea, in
particular,
where iron is more readily oxidized, this plan
ought always to be adopted. With regard to the use of
dragon’s blood, it is entirely too temporary in its effect to be
depended on. I was informed bv an intelligent
gunsmith,
who followed the practice of browning barrels in Europe, that
he has known the brownin,y to remain very perfect for years,
and that the best mode of insuring its durability
is to use
the steel brush, which carries in, as he expressed it, the
rust.
The oxides, which are formed by the union of oxygen
with iron, are two; namely, the black and the red; the first
being the protoxide, and the last the peroxide.
The black
oxide, which is formed by the combustion of iron, and by
other processes, contains 56 iron -I- 16 oxygen.
The common rust of iron is the peroxide of this metal, combined
with carbonic acid. It may be formed by exposing the
protosulphate of iron, or green vitriol, in solution, to the atmosphere, and then adding an alkali.
This oxide contains
more oxygen than the preceding; it consisting of 56 iron -/24 oxygen.

The tempering of cutting instruments, an operation which
requires great delicacv and exactness, after that of hardening, is intended to obtain a fine and durable edge; and as
this subject may be interesting
in a military point of view,
IVC deem the following remarks of use.
The hardening of steel instruments is performed bv heating them to a cherry-red, and then immersing them -in cold
water. The tempering is another process, calculated, as WP
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observed, to obtain a fine and durable edge, This is performed by heating oil to a certain temperature,
;md plunging
the instrument into it, where it remains until the colour appears, indicative
of the particular kind of temper which is
intended to be given. The experiments of Stoddart, (Xcholson’s .C$nrto Journal, iv, 129,) are conclusive on this subject; for his experiments prove, that, between 430” and 450"
she instrument assumes a- pale yellowish tinge: at 460Q the
colour is a straw-yellow,
and the instrument has the usual
temper of pen-knives, razors, and other fine edge tools. The
colour gradually deepens as the temperature
rises, and at
500° becomes a bright brownish metallic yellow.
As the
heat increases, the surface is successively yellow, brown,
red, and purple, to 5800, when it becomes of a uniform deep
blue, like that of watch springs.
Before the instrument
becomes red-hot, the blue changes to a water colour, which is
the last distinguishable
colour.
These different shades are
owing to the oxidizement of the surface of the metal; and
the art ofornamenting
sword-blades, knives, &c. long practised in Sheffield, depends on this principle.
The general process i,s, that an oily composition is used, with which flowers
and various ornaments are painted.
On the application
of
the heat required for tempering it, that part which was covered with the composition,
is not altered, whereas, the
uncovered parts of the blade are changed. These ornaments,
when the paint is removed, have the natural colour ofpolished steel. When steel is heated in hydrogen gas, no appearance of the kind takes place, a fact which shows, that it is
owing to the oxidizement of the metal.
Iron is soluble in the acids. By the assistance of water, it
is acted upon by sulphuric acid; the metal being oxidized,
and the oxide dissolved, while hydrogen gas is evolved.
The salt, formed in this case, is the sulphate of iron, green
vitriol, or copperas. With muriatic, nitric, acetic and other
acids, it forms various salts; and with gallic acid, when the
iron is peroxidized,
it forms the pergallate of iron, or common writing ink, and also the bases of black dye.
Iron unites with carbon, sulphur and phosphorus.
Of the
sulphurets, there are two kinds, the protosulphuret
and persulphuret.
The former is the magnetic pyrites, and the latter, cubic pyrites, from both of which, green vitriol is obtained by decomposition.
Pyrites, we may observe, was the
original fire-stone, or the few-stein
of the Germans, which
was used in the place of flint.
See Beckmun’s History o,f‘
hvention,
Iron also unites with some of the metals, form
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ing alloys. The white iron of the French, (Fw bltr:zc,) or tin
plate of the English, is found to be any alloy of tin with
iron, as well as a covering of tin on iron.
Sheet tin, or tinplatc which is necessary in the construction of the apparatus for some fire-works, for canister shot,
Bc. is made by immersing sheets of iion, previously
freed
from rust? into melted tin. The number of dippings it undergoes, determines, in some measure, its quality
and chameter.

The union of carbon and iron, forming very important
modifications of this metal, is not only interesting in the military art, as concerns the metal for cannon, small arms, and
fire-works, but a.lso in relation to the many and highly useful
compounds which result.
All the varieties of iron, which are distinguished
by altists, under particular names, we may consider under IJIC following heads: namely; cast iron, wrougJlt or soft iron, and
steel.
Cast or pig iron is the name of this metal, when first obtained from the ore. The ores of iron are various, and contain a greater or less quantity of iron, which is either combined with oxygen, or found with clay, giving rise to two
important classes of iron ore, the caltiform
and the argillaThe reduction of the ore merely requires the prereous.
sence of charcoal, and occasionally some addition, as limestone, when the clay iron ores are to be reduced.
On the
application of heat in furnaces, constructed for the purpose,
the charcoal unites with the oxygen of the oxide, rcd\lcing
it to the metalic state, and escapes in tJ:e form of carbonic
acid; and the lime, if the ore be argillaceous, unites with the
clay, forming a kind of glass, which floats on the melted metal. 1Vhen the iron is s&red
to run into moulds, J>rcpared
for its reception, it usually takes the name of pig iron.
Manufacturers
distinguish
cast iron by its colour and
The white cast iron is hard and brittle, and
other qualities.
can neither be filed, bored, nor bent, C;ra~- mottIec1 iron, so
called from its colour, is of a granulated testure, softer, and
may be cut, borecl and turned on the latlle.
Cannon are
made of this iron. BlucK cast iron is the most unequal in
its texture, but the most fusible.
Cast iron melts at lSOo of Wedgwood.
Its specific gravity
varies from 7.2 to 7.6. It is converted into malleable, usually called soft iron, by a process called refinement.
Several
It was formerly
modes have been adopted for this purpose.
done by keeping it in fusion in a bed of charcoal and ashes,
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and afterwards forging it. The hammering makes the particles
of iron approach each other, and expels some impurities.
Among the various improvements
for expeditiously and effectually converting crude into malleable iron, the process of
Mr. Cart seems to possess advantages.
The cast iron is
mvlted in a reverberatory
furnace, and the flame of the combustible is made to act upon the melted matter. It is stirred
during this operation, by which means, every part is exposed
to the air. A lambent blue flame begins to appear in about
an hour, and the mass swells.
The heat is continued about
an hour longer; and, by this time. the iron acquires more
While still hot, it is next
consistency, and finally congeals.
hammered by powerful
tilt-hammers.
This is called thtb
paahg process.
Iron, obtained in this way, is not however pure; for it contains either some of the other metals, or osygen, carbon, siil
con, or phosphorus.
When small pieces of iron are stratified in a crucifi:lc wi:i
charcoal powder, and exposed to a strong heat for eigkt oL
ten hours, they are converted into steel. Steel is brittle, rt5ists the file, cuts glass, and affords sparks with flint.
Ii
loses its har&ess by ignition and cooling.
It is malleable a:
a red heat. It melts at 130 deerces of Wedgwood.
By being repeatedly ignited in an open ~csse!, it becomes, by hammering, wrought iron.
3Satural steel is that which is formed, 1);; converting
the
ore first into cast-iron, and exposing it to the action of a
strong heat, while the melted scoriaz float on its surface.
This steel is inferior to the others.
Steel of cementation i::
formed, on a large scale, by stratifying
bars of iron witl:
charcoal, in large earthen troughs or crucibles, the mouths o$
which are closed with clay. These troughs are put in fur.
naces, and, in eight or ten days, the process is finished. ThiL
is also called blistered steel, on account of the appearance ot
-Its surface.
The tilted steel is that which is beaten out into
When broken, and the pieces
small bars by the hammer.
again united by welding in a furnace, and made into bars, i3
is then called German or shear steel.
Cast steel is considered the most valuable of all the varieties; and is used for the manufacture of razors, surgeons’
instruments,
&c. It is, besides, more fusible than commor2
steel, and for that reason, cannot be welded with iron. It is
made by melting the blistered steel, in a close crucible, along
with pounded glass, and charcoal powder. It may also be form‘.
cd by melting together 30 parts of iron, 1 part of charcoal, an<.?

1 part of glass. Equal parts of chalk ancl clay, put with
iron in a crucible, will also produce it.
The Celtiberians
in Spain had a singular mode of preparing steel. Diodorus and Plutarch both say, that the iron was
buried in the earth, and left in that situation, till the greater
part of it was converted into rust. What remained, without
being oxidized,was afterwards forged and made into weapons,
and particularly
swords, with which they could cut asunder
bones, shields, and helmets.
This process is used in Japan,
ilowever improbable it may seem; and Swedenbourg,among
the
different methods of making steel, has introduced it. Bishop
Watson, (Chemical Essays 8~0. i, p. 220,)
speaks of the
same process. The fact has been verified at Gottingen; for
XI anvil, which had been buried in the ground for many years,
was found to be extremely soft; and a part of it, which appeared in steel-like grains, possessed the properties of steel.
The sabres made in Japan, according to Thunberg, are incomparable.
Without
hurting the edge, they can be made
to cut through a nail at one blow.
The art of hardening steel by immersion in cold water is
very old. Homer (f2dyssia ix, 301,) says, that, when Ulysses bored out the eye of Polyphemus with a burning stake,
it hiss& in the same manner as water, when the smith immcrscs in it a piece of red-hot iron, in order to harden it.
Sophocles, Salmasius, Pliny, Justin and others mention the
itse of water in hardening iron; but the most delicate articles
As to
of that metal were not quenched in water, but in oil.
the opinion of the peculiar virtue of any particular water, for
the purpose o.c hardening iron, which many have believed, it
is altogether fallacious, although Vasari asserts, that the archduke Cosmo, in 15.55, discovered a water, that would harden
instruments, to cut, like the ancient tools, the hardest porphyry.
The art of working porphyry, however, was known
in every age. Beckman assures us, when treating of the
procesces of making steel, that the invention and art of converting bar iron into steel, by dipping it into other fused iron,
and suffering
it to remain there several hours, although
ascribed to Reaumur, (Art de Conoertzr Ze per- en Acier, p*
145), are mentioned by Agricola,
Imperati, and others, as a
thing well known and practised in their time.
Pliny, Diamachus, and other ancient writers mention various countries and places, which, in their time, produced excellent steel. The ferrum
hdicum and Sericum were the
dearest kinds. The former is the same as the fen-urn candidum, a hundred talents of which were given, as a prpscnt
!o Alexander in India.
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Beckman thinks, that the ancient $Y*YZLVZcnnd&nz is the
same kind of steel still common in India, and known under
the name of watitz; some pieces of which were sent from
Bombay in 1795 to the Royal Society.
Its silver coloured
appearance, when polished, he thinks, may have given rise to
She epithet
of’ candidurn.
Mr. Faraday of the Royal Institution
has lately examined wootz, and imitated it very accurately. The experiments
it
may be seen in UI-8s Chwaical D~Cti072u~‘~, article iron.
appears that the presence of silex and alumina distinguishes
Four hundred and sixthis kind of steel from she English.
ty grains of wootz
gave 0.3 of a grain of silex, and 0.6 o!
a grain of alumina.
It is highly probable, that the much admired sabres of Damascus, al-e made from this steel.
A small portion of silver, tnel:ed with steel, improves the
latter very considerably.
One p:zrS of sil-;er and five hundred parts of steel were melted together, and every part c-if
the alloy formed,whentested,indicated
silver. The :Gloy forged
remarkablv
well, although very hard, and was pronounced So
be super& to the very best steel. This excellence is undoabtedI? owing SO its combination with the silver, howevg small.
‘The alloy has been repcatedlv made, and with she same success. VaricJus cuS:in~ tljolls -hasre been made from it of the
best quality.
‘Flit: sii:‘c~ i: found to give a mechanical
toughness to the steel.
Platinum and steel, equal p:ir:s by weight, form a beautim
ful alloy, which takes a fine lolish, and clries n:!t tarnish.
This alloy is said to make the best speculum.
Steel, fo:
edge tools, is improved
by this metal.
The proportions.
which appear So be most proper, are from one to three per
cent. An alloy of 10 platinum with 80 of steel, after Ednosure for many months, had not a speck on its surface.
Would not this alloy, as it is not oxidized, be very useful for
making points for lightning rods, in lieu of iron, gold, silver, or platinum alone ? The experiment is worth a trial: for
nothing adds more to She safcs5’ of a magazine, or building,
against the effect of lightning, than a conductor.
Iron and carbon, it appears, are capable of uniting in different proportions;
hence the variety of crude iron, and the
different kinds of steel. When the carbon exceeds the iron,
When
as in plumbago, or black lead, it forms a carburet.
She iron exceeds, such compounds are properly speaking subcarburets; under which Rame, we may rank all the varieties
of cast iron and steel.
The hardness of iran, according to the experiments
of
EF

Mushet, (I%iZ. &ag. xiii, p. IJS), increases with the proportion of charcoal, with which it cotnbines, until the carbon
amounts to about 140th of the whole mass. This is the maximum, the metal acquiring the colour of silver. More carbon
diminishes the hardness , according to its quantity.
The difference in ircm, whether it bc: the (*old-short, or hot-short iron,
a matter of some consequence to the workers in this metal,
was found to be owing to phosphoric acid in the cold-short,
which exists with the iron.
But the substance, called ,s~&Y-urn
by Bergman, i s a phosphuret, and not a phosphate of iron.
We have gone into this sullject more fully, on account of
its importance, and intimate connection with the casting of
guns, and the difrerent qrialities of iron.
In fire-works, it
will appear obvious, that the various properties exhibited by
iron arc owing to the iron ant1 carbon, to the changes which
they undergo, to the combustion which necessarily ensues,
and to the production
of oxide of irort, and CdJonic
acid
gas; effects that invariably
take place, wLviicthf:r cast iroh or
steel be used, provided it is exposed to tile action of agents,
under the same circumstances and conditions.

diass, in the form of powder or dust, is used in fire-works.
It may be
‘I’he pulverization
of glass is easily performed.
done in an iron mortar, and passed though fine wire or brass
sieves. It is used in the composition for wheels, in water
balloons, cones, fire-pumps, slow white fire, &c.
Glass is nothing more than fused silica, made by exposing
a mixture of silica and other substances to the action of a
violent heat.
The quality of the glass depends on the proportion of silica,
and the fluxes which are used in promoting its fusion; for
the various kinds of glass, as white glass, green glass, bottle
8glass, &c. are all, in one respect, the same, though they differ
in these particulars.
The glass of Saint-Gobin
in France is made by fusing
white sand, lime, soda, and broken inferior glass. The white
goblet-glass is made of sand, potash, lime, and old glass; the
,?uantity of potash is about fifty per cent. If green, or pelEow, the colour is destroyed ky the addition of black oxide of
manganese; and hence that oxide is named gInss makers”
I hc common plate glass, for electrical machines, Stc. is
formed of sand, crude soda, old glass, and oxide of snanga-
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nese. The bottle glass, made with the soda of marine plants,
consists of sand, soda, common ashes, and old glass. Another
bottle glass is made by melting common sand, black or yellow, with soda, wood-ashes, clay, and broken glass. It appears from the use of the substances which enter into, and
compose, glass, that its quality is owing to the materials empl0jWL
The crystal or flint-glass is a finer kind. The substances, with the proportions in which they are used, are the
following:
Parts.
White sand,
100
Red lead,
80 to 85
- 35 to 40
Calcined potash (pearl-ash,)
Refined nitre,
2to
3
Black manganese,
.- 0.~36
To this composition, there arc s~rn~:ti~n~s adrled:
Pui-ts.
White arsenic,
0.05 to 0.1
Crude antimony,
- 0.05 to 0.1
The specific gravity of this glass is 3.2.
Goblets, lustres,
kc. arc made of it.
Flint glass , according to the English formula, is made of
Purified E~*riai s:icd
100 parts.
60
Litharge or 1r.i”. ic;:;i
Purified pearlasi:
30
To this is added black mzng~inc’s~‘, to cc:rrect the colour,
and sometimes nitre and arsenic.
Plate glass is formed of
Pure sand,
43.0 parts<
Dry carbonate of soda,
- ~6.5
Pure quicklime,
4.0
Nitre,
1.5
25.0
Broken plate glass,
-100.

Crown, or fine window glass, is composed of
Fine sand,
200 11%
330 11x.
Best kelp, ground,
To this is added, if the vitrification
is not complete, some
muriate of soda.
Good glass, according to Pi\.jot de5
Charmes, may be made by fusing equal parts of carbonate of
lime, sand, and sulphate of soda. The glass is clear, solid,
and of a pale yellow. Professor Scheweigger found, that the
following proportions were the best:
Sand,
=
100
5Q
Dry sulphate of SC+,
q
-

.

Dry quicklime in powder,
- 17to20
Charcoal,
4
Broad glass is made of a mixture of soap-boilers’ waste,
kelp, and sand. Two of waste, one of kelp, and one of sand
are the proportions
generally employed.
Common bottle
glass is usually made of waste and river sand, to which lime,
and clay, and common salt are occasionally added.
The coloured
glasses are produced by various metallic
fJXideS
*
The colour and beauty of precious stones are thus
Imitated*
These aolours are communicated by sundry metallic preparations,
as the following:
The purple powder of
Cassius, with oxide; of manganese, will give a red or purple
according to the proportions used; zaffre, an oxide of cobalt,
a blue; a mixture of oxide of cobalt, muriate of silver, or glass
of antimony, a green; and oxide of manganese, a violet, kc3
The basis of all artificial precious stones, is composed of
what is called glass-paste, a compound of silica, potash,
borax, red lead, and sometimes arsenic.
‘These substances
are melted together.
The glass, which forms the body of
the artificial gem, is pulverized,
and the colouring
substances are blended wit5 in by sifting; and then the whole must
be carefully fused, being left on the fire for from 24 to 30
BIOLII’S,
and cLoled very slowly.
The following
proportions
are used for this purpose:
3.
Pasm,
1.
4.
2.
4056 gr. 3&56
360
Sock crystal,
6300
5328 YIinium,
2154
1260 1944 12GCa
Potash,
360
216
260
276
Borax,
6Arsenic,
12
12
-8500
Ceruse of click);,
8508
3600 -Sand,
No. I,
No. 2.
Topaz.
1008
3456
Verr white pastt-7
43
Glass of antimony,
-Cassius purple,
1
36.
Peroxide of’ iron, jsafion of Mars,)
I?&?~. Paste 2880, oxide of manganese 7%
En~e&rl.
Paste 4608, green oxide of copper 42, oxide of
chrome 8.
ikjjhif+e.
Pas;e 4608, oxide of cobalt 68, fused for 30
hOUl-3.

Paste 4606, oxide of manganese 36, oxide of
cobalt 24, purple c>f cassitis 1.
HW_yl. Pask 3456, glass of antimony 24, oxide of cobalt
1 d-2
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or ancient carbuncle.
Paste 512, glass of
antimony 256, Cassius purple 2, oxide of manganese 2.
The following recipes are given by M. Lancon:
Paste.
Litharge
100, white sand 75, potash 10.
Emerald.
Paste 9216, acetate of copper 72, peroxide of
iron 1.5.
AmethystPaste 9216, oxide of manganese from 15 to 24?
oxide of cobalt 1.
The ancient coloured glass has been much admired.
The
art was carried to a very great extent. Even in Pliny’s time,
the highest price was set upon glass entirely free from colour, He, ~8 well as others, mentions that hyacinths and
sapphires were imitated very exactly.
The emperor Adrian
received
as a present from an
Egyptian priest, several glass cups richly ornamented
with
various coloured glass. Seneca speaks of the knowledge oE
Democritus in this art. Porta, Neri, and others, in modern
limes, have treated the subject in a more enlarged manner.
Coloured glas s was used for ornament; but Pollio relates,
that
Gallenius
punished an impostor for selling to his wife
a piece of glass for a jewel.
In the Museum
Yictoriurn
ar:
Rome, are several ancient artificial gems, such as the chrysolite and emerald.
Whst materi&
the ancients used for colouring glass is not known.
Gmelin, however,
observes,
that it is probable they made use ot’ iron, by which, he
adds, not only all the shades of red, violet and )*ellow , but even
a blue colour might be communicated.
Cassius discovered
the powder which bears his name. He was a physician, and
resided at Lubec.* This powder was employed by the Ger-.
While noticing this subject, it may be proper
man artists.
to state, that Libavius
(Alchemy, 1606,) gives a process for
making ruby glass. Neri, (ars oitraria
by Kunkel,)
was
acquainted with the gold-purple
and its use. Glauber (FuY.~
nzls Philosophicus,
1648) mentions the use, and gives the preparation of the powder.
Kunkel made artificial rubies in
great abundance, and a cup of ruby glass for the elector of
Cologne.
In 1679, he was inspector of the glass houses at
Potsdam;
and, in perfecting
the art, he expended
1600

Styrian

garnet,

* His son wrote a work, having the following title: “ Thoughts concerning that last and most perfect work of nature, and chief of metals,
gold, its wonderful
properties, generation,
affection, effects, and fitness
for the operations
of art: illustrated bp experiments,
” from the Latin.
Hamburgh,
1.68.5, 8~0.

which the elector of Brandenburgh
gave him for the
purpose.
M. Brongniart has lately made many experiments on the
subject of staining glass. The colours, however, are the same
as we noticed.
A green glass may be made by putting on
one side of the glass a blue, and on the other a yellow.
A
black glass may be made by a mixture of blue with the oxides of manganese and iron. Painting on glass is an ancient
art. When pieces t,f old painted glass are examined, they
have always on one side a transparent red varnish burnt into
them. The moderns, howev.er, excel in this art.
Glass is not acted upon by the acids, except the fluoric or
hydrofluoric.
Hence the a&d of Derbyshire
spar, which is
a fluate of lime, is used for etching on glass, in the same
manner as nitric acid is, on copper.
Fluoric acid, a compound of fluorine and hydrogen, is decomposed during this;
action, and is changed, by the union of its fluorine with silicon, into the silicated fluoric acid.
When a quantity of alkali is used just sufficient to fuse
silica, glass is the result; but when the quantity is greater, as
three or four to one, the fused mass is soluble in water, and
then forms the silicated alkali, or liquor of flints.
From
this the silica is obta,ined in a pure state, by the addition of
an acid.
Glass, when melted and dropped into water, assumes an
oval form, with a slender prqjection, called a tail. This is
If a small part of this tail be
called Prince Itupert’s drop.
broken off, the whole bursts into powder, with a kind of explosion.
The Bologna, or philosophical
phial, is a small
cylindrical vessel of glass, rounded zt the bottom, but open
at the upper end. It is made thick at the bottom, so as not
to be easily broken; but if a pebble be dropped into it, it immediately cracks, and the whole falls into pieces. In both
these, (the drop and the bottle,) the glass is unannealed.
When the external part of glass is suddenly cooled, the inner
part is kept, as it were, contracted.
Now annealing, the process of tempering glass in an oven, renders the glass uniformly alike, and capable of sustaining the variations
of
By a crack or fissure,
temperature,
without
breaking.
the internal parts which remained in a state of tension, endeavour to recover the full state 02’ expansion, and consequently the glass is rent asunder.
ducats,
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in fire-works, but always in the state of solution, as vehicles
to mix up compositions in order to make them unite, and to
preserve them from falling to powder.
The quantity, however, is never large, or either would destroy tl;e effect. ‘I’hc
proportions
are generally prescribed.
A. solittion of glut is
emploved in the old process for refining saltpc trc. See Nitre.
113 mflking priming
paste, isinglass dissolved in brandy is
Wmetimes used.
Glue and isinglass owe their adhesive quality to the presence
of gelatin; tile most remarkable property of which is, that it
unites with, and precipitates the tanning principle from its
soluti,on in water.
For tllis reason, the use of oak bark antI
other astringent substances, in the tanning of leather, is obvious, the gelatin of the hide or skin, uniting with the tanGelatin exists in bones,
nin and forming tanned leather.
muscles, tendons, ligaments, mcr&ranc~s and skins.
Skins,
especially those of old animals, furnish the hcst and strongest
glue.
For the preparation
of glue, the parings and 0fFals ot
hih,
pit:;,
ant1 the hoofs and ears of horses, oxen, calves,
shecl), &r. a1.r first digested in lime-water
to clean them;
then ‘<it’; J’cd in Eves11water, which is suckered to run off; and
being prc”r.iciu~!~. inclosc*d in a strong linen bag, are boiled in
3. cqper cat!!cfron with pure water.
The impurities are removed as they rise. ‘I‘o the solution, alum, or finely powdered lime, is added.
It is then strained through baskets and
allowed to settle; after which, the clear fluid is again boiled.
When it becomes thick, or of a proper consistence, it is poured into moulds or frames, when it concretes into jelly.
It
is cut into pieces by a spade, and then into thin slices br
means of wire, and finally dried on coarse net-work.
The goodness of glue is known by its brittleness, and equa;
degree of transparency, without black spots. It sw& up ir
cold water, and becomes gelatinous, but dotxs not dissolve,
It is a mark of want of stl-ength,
when glue dissolves in cold
water.
Size is also a gelatinous substance, and is colourless and
transparent.
Eel skins, vellum, parchment, &c. are used in
They are treated in the same manner as
its preparation.
hides. Isinglass, or fish glue, is a finer kind of gelatin, obtained from the air bladder and sounds of different kinds of
fish of the nccipenser genus; as the sturio stelkztus,
huso I-Uthemes,
WC.
The bladder, when taken from the fish, is
washed and stripped of its exterior membrane, and then cut
lengthwise and formed into rolls, or cut into strips. IsillElass dissolves in wzter with more difficulty than glue.
n
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coarser kind of fish glue is made from sea wolves, porpoises,
sharks, cuttle fish, the sturgeon, &c. The head, tail, fins, &c.
Isinglass
are boiled in water, and the solution evaporated.
is used for a varic ty of purposes, as the making of court,
plaster and size, the clarification
of liquors, AC.
Isinglass is almost wholly gelatin.
One hundred grains
give ninety-eight
of soluble matter.
Gelatin constitutes the greater part of the solid parts of
animals, such as bone, ligament, muscle, membrane, skin, c!j~.
and is always extracted by boiling them in water. We need
hardly remark, that it constitutes the chief part of soup,
which owes its nutritive qualities principally to its presence.
The portable soup is nothing more than concrete gelatin, with
other substances, as spices, salt, c!$c.; for it contains, in a
small compass, the nutritive
parts of beef, veal, and other animal substances, from which it may have been prepared.
Besides the use of water for cstractiny, or otherwise separating, the gelatin from bone, we nn:~y separate the phosphate
of lime entirely from the lntter, (as these two substances constitute the greater part of bone>, by the action of dilute muriatic acid, which wi!l dissolve the phosphate of lime, and
ipave the gelatin.
LJ,‘ect.XLIX.

Of TVood.
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Of‘ the icinds of wood, used for the preilaration of coal, for
the purpose of gunpowder,
those should be preferred, which
This sutjject was
are light, and will give a tender charcoal.
fully considered under that heatl.
But our intention, in noticing woocl at this time, is, that it
is emploqctd i:? the composition of some fire-works in the
form of saw-dusts, or raspings. Its use in fire-works may be
considered, lst, as producing
a particular
colourcd flame:
zdly, as varying the character of the flame, and likewise the
degree of the combustion; and sdly, as communicating
an
agreeable odour along with other substances; as in odoriferous fire-works.
To this, we may add its use in smoke-balls
along with nitre and sulphur.
‘The raspings of wood are sometimes required to be extremely fine. This can only be done by employing sieves of
tfifferent degrees of fineness. They shoulcl be preserved from
the action of moisture.
In the composition of the new priming powder, of which
r~hlcr.ate of potassa is the basis, very fine raspings of a I)articrl*

lar kind of wood are employed.
So is also lycopodium for
the same purpose.
Uy the distillation of wood, as in the process of carbonization in iron cylinders, we obtain some volatile products,
the chief of which is the pyroligneous,
now called the pyroacetic acid, while the ligneous fibre is converted into coal;
but, in the combustion of wood, all the volatile products are
expelled, some being consumed in the flame, and others,
with some carbon, condensed in the form of soot, while the
residue is an ash which furnishes common potash.
Ovid in his Metamorphoses,
fable xvi, say.+--“ hdomitis
Athamanis
aquis accendere Signum narratur;
minimos
This idea we know is groundcum luna recessit in orbes.”
less; for it is impossible, that wood, sprinkled with water,
whether the waters of Atbamanis, or any other, should be
kindled when the moon is in the decrease, or at any time of
the moon’s age.
To prevent the action of fire on wood, marine salt, vitritilP
and alum have all been used. Various
ways oi’employing
them have been adopted; but they do not absohltely prevent
wood taking fire in an active heat. For the same purpose,
(Coi’C. &a&~z. tome xi, p. 487,) a mixture of green vitriol,
and quicklime is rt-commen&d,
by which we form sulphate
of lime and oxide of iron. The J&r?ial de Paris of 1781 contains various processes.
At Vienna, saline substances are
employed.
The combustion of wood is the same, in all cases, in
which oxygen is concerned; but the prodLlcts In some particulars may vary.
Hence saw-dust, when mixed with nitrate of potassa, and inflamed, will burn, and produce little
or no smoke, because the combustion is rapid and perfect;
but when employed with sulphur and nitre, it produces much
smoke. Here the oxygen is furnished by the nitre, and
carbonic acid gas is formed.
The same thing takes place,
when a mixture of saw-dust and nitre is used in artificial
dire; and, according as the decompositiou
is more or less
rapid, the combustion will be so likewise.
The particular
applications of saw-dust will be noticed hereai‘ter.
With respect to Zyc~~~&ium or puff ball and various species of agaric, or the medulircry excresccnccs of trees, which
are used in some preparations of artilicial fire, we may observe, that the first is confined Frincipall;’
to theatrical
fire-works,
and the second to the preparation of spunk, or
tinder, called also pyrotechnical
sponge.
See J’yrotechnicd
Sponge.
Ff
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As to the substance usually called lightning wood, found
in the hollow of the stumps of trees, and sometimes on the
surface, which, from having lost its compactness and other
characters of ligneous fibre, is called rottctz wood, it is in
fact the solid part of the wood in a state of decomposition,
It
in consequence of which, it becomes a solar phosphorus.
appears to owe its phosphorescent
property, i. e. its power
of shining in the dark, to the previous absorption of light,
and not, as some have suggested, to the presence of phosphorus, or the emission of any gaseous compound, which
contains it. The process of animal putrefaction
will produce
SUCK
appearances, but, in this case, the cause is different.
Turf or peat, a substance found, and employed as fuel, in
some countries, and found in boggy situations, is partially
decomposed vegetable matter, consisting of a congeries of
fibres or roots. But black mould is the result of a decomposition of vegetable substances, in which the ligneous
fibre is carbonized, and mixkd with earth.
The formation
of mould, however, is owing more to the decay of leaves
&c. (See Coal.)
Dr. Shaw (Travels to the liolz~ Lalld) observes, that when
they were either to boil GT bake, camel’s dung was their common fuel; which, after being exposed a day or two in the
sun, catches fire like touch-wood;
and burns as light as
charcoal.
Sec. L.

Of Linseed

Oil,

Linseed,
or flaxseed, oil is obtained by expression from
flaxseed. It is a thick mucilaginous oil, when first extracted,
called raw oil, and in this state, is seldom used. The preparation, it undergoes before it is used as drying oil for mixing
with paints, is nothing more than boiling it with litharge, or
some oxide of lead, which separates the mucilage, and unites
with the oil. By this treatment, it acquires the property of
drying with facility, when exposed to the atmosphere.
Linseed oil unites with great ease with oils, tallow, fat,
wax, Ssc. Some of these compositions are used in fire-works.
A preparation of pitch, mutton suet, and linseed oil is used,
for instance, in preventing
the access of moisture to fuses;
and in military fire-works,
it is employed in combination
with pitch, rosin, mutton suet and turpentine for incendiary
works.
Wax, and tallow, we may here add, are also used
in the preparations of similar works,

Z&CT.
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Of

oil--Gum-Cotton.

Gum arabic,

and
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Gum

Tragacanth.

Gum arabic, which exudes from a tree that grows in
Egypt and Arabia (Mimosa
nilotica)
when pure is transparent,
and nearly colourless. There are several varieties of this
gum; the gum Senegal, for instance, which is of a reddish
colour,
and occurs in larger pieces. Other mucilaginous
substances, the peach tree gum, the cherry tree gum, &c.
which exist only in small quantities, are analogous to the
gum of the Mimosa.
Gum arabic is brittle, and for that reason may be easily
reduced to powder.
It is readily dissolved in water, with
which it forms mucilage.
In this state, it is employed in
fire-works,
chiefly as a vehicle for the mixing of pastes,
matches, &c.
Gum is a vegetable oxide, composed of carbon, hydrogen,
and oxygen. It does not crystallize. It is precipitated by some
metallic salts, as acetate of lead.
It is insoluble in alcohol,
which distinguishes it from resins. lSitric acid decomposes
it, and changes it into the saclactic or mucous acid. With
sugar, the same acid produces oxalic acid.
Gum tragacanth, or gum dragon, is the produce of a thorny shrub, which grows in Candia, and other islands of the
Levant, called nstrazalus
tragacantha.
The gum obtained
from this shrub has many properties in common with gum
arabic, and is, therefore, used as a paste. It dissolves readily in boiling water; but is insoluble in alcohol, or ether.
It consists, almost entirely, of a peculiar vegetable principle,
Cerasin has the adhewhich is called cerasin by Dr. John.
It is
sive qualities of gum arabic, but in a greater degree.
said to constitute a part of the gummy matter, that exudes
from the punus
cerasus, prunus
avies, prunus domestica,
kc.
Sec.

Ll..

Of

Cotton.

The soft down, which envelopes the seeds of different species of goss~pizc~n, or cotton plant, is the cotton of commerce.
These plants are natives of warm climates.
Cotton when
bleached is perfectly white. It is extremely combustible, and
The ashes left behind conburns with a clear lively flame.
tain potash.
Cotton is the substance, usually employed in making match
rope, for the communication
of fire.
It has also other uses
in pyrotechny.
Cotton match is much used in fire-works for
exhibition, not only for single cases, but also for a series of
cases of artificial fire, either for fixed or moveable pieces; and
serves to communicate fire, either singly, or from one case to
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another, or to the whole piece at one time.
Matches, so
used, are called leaders, and are generally confined in paper
tubes.
Cotton is one of the best applications to recent burns. Applied to the part, it will, in a surprising manner, abate the
violence of the pain, and remove the inflammation.
Cotton is soluble in alkaline ley. For some of the earths,
it has a strong affinity, particularly
alumina; as also for several metallic oxides, and tannin.
The action of mordants, in
dyeing of cotton-goods, depends on these affinities.
Nitric
acid converts it into oxalic acid.
Cotton wick for lamps, candles, 8~. is rendered very inflammable by spirit of turpentine, By dipping the end of the
wick in turpentine, the candle will inflame at once, the moFor candle-making,
the wick is
rnent flame is applied.
sometimes dipped in a solution of camphor in spirits, or in a
melted mixture of camphor and wax. See Ci’irnclle.
Sec. LIII.

Of Bone and hmry.

Bone, which is considered to be a combination
of phosphate of lime, h4;ttinous
matter, animal oil, 8Lc. is used ocBy destructive distillation, bones,
casionally in fire-works.
or osseous matter, afford ammonia, Dippel’s animal oil, kc.;
and, when consumed by fire, leave a white ash, which is composed principally of phogphate of lime,
Bone-ash is the result of the combustion of bone; for, while all the gelatinous substance, oil, &c. are burnt off, that, which composes
the basis of bone, and which tiistinguishcs
it from gr,istle,
remains in the form of ash. Bone-ash furnishes phosphorus
by a certain process. See Phos,flhorus.
Diluted muriatic
acid will take up the phosphate of lime of bone and leave
This mode is recommended for the separation
the gelatin.
of gelatin from i;onc.
Bones, when carbonized in the same manner as wood,
furnish what is called bone-black,
but commonly known by
the name of ivory-black.
It is nothing more than animal
charcoal.
In Pyrotechny, bone, in the form of raspings, is employed
to communicate a hstre to the flame of gunpowder;
but, for
this purpose, the most compact, and that, which contains the
least gelatin, is usually employed. Hence ivory is preferred,
Ivory, in the form of raspings, communicates
to flame a
bright silver colour; and, on that account, is preferred to all
other kinds of bone. The compositions, into which it enters,
will be mentioned in a subsequent part of the work,

Ivory is the tusk, or tooth of defence, of the male elephant, and is an intermediate
substance between bone and
horn, not capable of being softened by fire.
The finest and
whitest ivory comes from the island of Ceylon.
The
tooth of the sea-horse is said to approach to ivory, properly
so called. It is, however, harder, and, for that reason, preferred by dentists for making artificial teeth. The coal of
ivory is remarkably black; but the so called ivory-black,
sold
in the shops, is nothing else than bone-black.
Bone and ivory may be stained of various colours.
One
hundred parts of Wivory conttcin,
2 ,&
Gelatin,
Phosphate of lime,
- 644
Carbonate of lime,
0.1
One hundred parts of ox-bone gave
Gelatin,
d
51
Phosphate of lime,
I- 67k7
Carbonate of lime,
10
Phosphate of magnesia,
1.3
Berzelius, however, detected in bone-fiuate of lime, muriate of soda, and uncombined soda. Albumen is most generally present. One hundred parts of bone are reduced by
calcination to sixty-three.
One hundred parts of humau
bone afforded Berzelius 81.9 phosphate of lime, 3 fluate of
lime, IO lime, 1.1 phosphate of magnesia, 2 soda, and 2 carbonic acid.
Sec. LIV.

0f

Galhanunz.

Galbanum is a gum-resin, obtained from the 6z(bo?z,yalbaa plant peculiar to Africa.
It is at first a juicy fluid,
which exudes when the plant is cut above the root, and hardens by exposure to the air. Alcohol dissol&
about threefifths of it. It contains some volatile oil.
The only instance we know of, in which galbanum has been
used in fire-works, is in the composition of rain-fire, employed as an incendiary, before the present fire-stones
were invented. The rain-fire, which may be found in the fourth part
of this work, it is said, gave rise to the composition of firestone. There is no advantage, however,in
using galbanum for
this purpose; since pitch, tar, turpentine, and many other substances are more inflammable, and, therefore, better adapted
We mention it merely because it
for such compositions.
was one of the ingredients in that once celebrated’incendiary
preparation,
the fire-rain of Siemcnowitz,
nunt,

Sec. LV.

Of

Tow and Hemp.

In military fire-works, tow and hemp are much used, and
principally for the preparation
of incendiary
works.
Both
tow and hemp are employed in forming match.
Although
old rope, &c. are used for immersion in the tourteaux, carcass, or fire-stone composition, which is readily imbibed, if
the rope is untwisted and beaten; yet tow or hemp is a better
material, and receives more of the composition.
The manner of using it may be seen by referring to the composition
for fire-stone.
For very nice purposes, the tow or hemp
should be well dressed.
Flax is, therefore, to be preferred
in such cases.
Sec. LVI.

Of Blue

Vitriol.

Different preparations of copper are used in fire-works, to
communicate colour to the flame; and besides copper filings,
brass filings, verdigris, and the oxides of copper, the sulphate of copper, or blue vitriol, has been employed. We may
observe here, that there are three sub-species of this salt;
the bisulphate, sulphate, and sub-sulphate, the first properly
speaking being the blue vitriol of commerce.
The sulphate, although recommended
in some of the old
formula: for coloured firi, is not, however, preferable to some
other preparations
of copper.
The use and application of
copper, and its preparations, will be seen in the article
on
coloured fire.
When sulphate of copper is heated, it is converted into a
bluish-white
powder.
If the heat be increased, the acid is
Before it
expelled, and the black oxide of copper remains.
is used, it is exposed to heat to expel the water of crystallization.
It ought to be in the state of impalpable powder.
It
It is deis composed of 33 acid, 32 oxide, and 3~ water.
composed by the alkalies and earths, the alkaline carbonates,
borates, and phosphates, and several metallic salts.
The oxide may be ohtained very readily from this salt,
for the purpose of fire-works, by dissolving it in water, and
adding a solution of caustic potassa; collecting the precipitate, and drying it in a moderate heat. This will expel the
water that may be contained in it; as metallic precipitates,
made in this way, are more or less in the state of hydrates.
When metallic copper is required, it may be obtained in
fine powder, and very expeditiously, by immersing a plate of
iron in a solution of any of the salts of copper, as the sul-
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phate.
It will precipitate on the iron, and gradually fall to
the bottom of the vessel. This metallic copper will be found
to be much more impalpable than the filings, however fine,
and, for that reason, may be mixed more accurately with different substances.
Copper burns with a beautiful green flame, and deposites
a loose greenish-gray
oxide. The ammonia-oxalate
of copper, of which there are three sub-species, burns with flame.
Sec.

LVIL

Of Nitrate

of

Copper.

This preparation of copper is used in some fire-works.
It
communicates a green colour to flame. When combined with
carbonaceous substances, the combustion is vivid. This is owing to the decomposition of the nitric acid, (in the same manner
as the acid of nitrate of potassa and other nitrates is decomposed), during which carbonic acid and deutoxide of azote
are produced. Nitrate of copper has been more particularly
recommended
for the preparation of match stick, similar to
that of M. Cadet, and of match rope.
It is used in the
same manner as the nitrate of lead. M. Proust used it in
lieu of nitrate of lead when repeating some experiments of
It is more expensive than the acetate,or even the
M. Born.
nitrate of lead. Its effect, however, is the same.
Nitrate of copper attracts the nloisture of the atmosphere,
and deliquesces.
Acetate of lead, on the contrary, by exposure to the air gradually effloresces, and in time is decomposed. The preparations of lead, for that reason, are preferable to the nitrate of copper.
Nitrate of copper is formed by dissolving copper in nitric
acid; and, when the acid is saturated, the requisite quantity
of water may be added.
The salt may be obtained in a dry
state by evaporation;
and, after being dissolved in water, the
wood or rope may be soaked in it.
Dry nitrate of copper, wrapped up in tin-foil, will produce
no action; but, if water be added, sufficient to moisten it, and
then the foil closed tightly, combustion will take place. The
water promotes chemical action by dissolving the nitrate of
copper, which is then decomposed by the tin, and the quantity of caloric, put in a distributable
state, is sufficient to inflame the tin. The details of the rationale will be given
hereafter.
The ammonia-nitrate
of copper is fulminating
copper.
The chlorate of copper is a deflagrating
salt. Ammonia
added to nitrate of copper, first separates an oxide, and then
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dissolves i t. It is more than probable, that nitrate of ammonia causes the ammonia-nitrate
to explode.
Sec. LVHI.

Of Styon tia.

, The earth called strontia or strontian, is found abundantly
in different parts of the world, in combination with carbonic
and sulphuric acids. The carbonate of strontia or strontimite
, effervesces with acids, and burns with a purple flame.
It contains about 60 or :O per cent. of earth. The sulphate
of strontia, or celestine, contains about 57 of strontia.
When carbonate of strontia is mixed with charcoal powder, and exposed to a heat of 140~ of Wedgwood’s
pyrometer, the carbonic acid will be expelled, and pure strontia
remain.
The earth may be obtained in a pure state, by dissolving the carbonate in nitric acid, and evaporating the solution until it crystallizes, and exposing the crystals, in a
crucible, to a red heat, until the nitric acid is driven off. If
the carbonate cannot be had, the sulphate may be employed.
For this purpose, it is to be pulverized and mixed with an
equal weight of carbonate of potassa, and boiled in water.
Tne carbonate of strontia, thus obtained, which exists in the
form of a powder, is to be treated with nitric acid as already
described.
Strontia, like the other earths, is a compound body, having a metallic basis, called strontium, which, united with
oxygen, forms the earth.
The specific gravity of strontia approaches that of barytes.
Like pure barytes, it is soluble in water, forming strontia
water.
It requires rather more than 160 parts of water at
6CP to dissoive it; but much less of boiling water.
The solution G[ stroniia in water, when evaporated,
will
crystallize in thin, transparent, quadrangular
plates, generally parallelograms, seldom exceeding a quarter of an inch
in length.
These crystals contain about 68 per cent. of water; and are soluble in little more than twice their weight of
boiling water,
and in ~4.4 times their weight of water at 60°.
When dissolved in alcohol, they give a blood-red colour
to its flame. The solution of strontia changes vegetable
blues to green. Strontia differs from barytes in being infusible, much less soluble, of a different form, weaker in its
affinities, and not poisonous.
The metallic base of strontia, which was discovered by Sir
H. Davy, in 1808, when exposed to the air, or when thrown
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into water, rapidly absorbs oxygen, and is converted into
strontia.
As strontia communicates
a red colour to flame, it has
been used in certain compositions of artificial fire. The brilliant red fire, sometimes used in theatres, owes its colour to
this earth. See Theatricalfire-works.
1Muriate ant1 nitrate
of strontia will give a red or purple colour to the flame of
alcohol.
See colouredJame
of alcohol.
If a piece of cloth be dipped in a solution of muriate, nitrate, or acetate of strontia, or in strontia water, and then
immersed in alcohol, it will burn with a red flame.
M. Fourcroy, (Systeme a’es Connaissunces
Chimiques,
E~)c.
tome iii,) mentions the use of nitrate and muriate of strontia,
in artificial fire-works, for the purpose of communicating
a
Since that
red colour to the flame of combustible
bodies.
time, the nitrate, in particular,
has been recommended
and
used.
One of the characters of the salts of strontia, is, that they
give a red flame to burning bodies; whereas the salts of
barytes or of lime, used in the same manner, communicate
a yellow flame.
The saline combinations of strontia were examined
with
particular attention by Dr. Hope.
See .Minburg Philosoph.
E-ansactions
for 1790.
Nitrate of strontia may be formed by dissolving
carbonate of strontia, or the suiphuret obtnined bv decomposing the
sulphate by charcoal, in nitric acid, filtering
the solution,
evaporating it, and suffering it to crystallize.
Nitrate of strontia deflagrates on ignited coals. Dr. Hope
pointed out, that if nitrate of strontiabe exposed to a red heat,
and a combustible substance be, at this time, brought in contact with it, a deflagration,
with a very vivid red flame, will
be produced.
When a crystal of this salt is put into the wick
of a candle, it communicates a beautiful purple flame. It does
not deliquesce in the air, and, therefore, the compositions,
into which it enters, cannot spoil on that account. Nicholson
(Chemical
Dictionary,)
observes, that nitrate of strontia may
be used in the art of p;-rotecbny,
For this purpose, however,
it is mixed with sulpl~u~, chlorate of potassa, and sulphuret of
antimony; and sometimes with the addition of sulphuret
of
arsenic and cirarcoal, as in the redjre
for theatrical uses.
Davy first
The muriate of strontia has similar properties.
observed, that when strontia was heated in chlorine gas, it
gave out oxygen gas, and a chloride of strontium
was
formed.
GG

Muriate
of strontia is formed very readily, by dissolving the carbonate or sulphuret of strontia in muriatic acid,
and evaporating
the solution in order to obtain crystals.
They are soluble,
These crystals are very soluble in water.
also, in twenty-four
times their weight of pure alcol~~l, at the
temperature of 60~. This alcoholic solution, we remarked,
burns with a fine purple colour.
These crystals suffer no
change when exposed to the air, except they be very moist;
in which case, they deliquesce. When heated, they first undergo the watery fusion, and are then reduced to a white
powder.
Pourcroy recommends the muriate of strontia for
fire.works.
Carbonate of strontia, when thrown in powder on burning
coals, produces red sparks.
Acetate of strontia, another salt used in fire-works,
is
formed by dissolving
strontia, or its carbonate, in acetic
acid. It will crystallize.
The crystals are not affected by
exposure to the air. When heated, its acid is decomposed,
as happens to all the other acetates.
Sec. LIX.

Of Boracic

Acid.

Borate of soda, or borax, is a salt, which has long been
known, and is used chiefly in the arts as a flux for the fusion
Boracic acid is a compound
of bodies, and for soldering.
body, consisting of a newly discovered substance, called boron, and oxygen. Homberg obtained the acid from borax in
1702, by distilling
a mixture of borax, and sulphate of iron.
He supposed that it was a product of the latter; and hence it
was called the wlatile
naxotic
salt of vitriol, or sedative
salt.

Boracic acid forms two salts with soda; the borate, proIt is supposed to be our borax,
perly so called, and borax.
that Pliny mentions under the name crysocolla,
so called by
the ancients.
Others, however, assert, that their crysocolla
was nothing more than the rust of copper, triturated with
urine.
The impure borax in the East Indies, is called tinCal.
When borax is melted, and exposed for some time to
heat, it loses its water, and is changed into what is known by
the name of calcined borax.
The easiest process for obtaining boracic acid is to make
a concentrated solution of borax in hot water, and add by degrees, sulphuric acid, which will unite with the soda; and, as
the fluid cools, the boracic acid will separate in shining laminated crystals.
No more acid should be added than is
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sufficient
to make the solution slightly sour. The crystals
are to be washed with cold water, and drained upon brown
paper.
One

of the principal characters of boracic acid is, that it
is very soluble in alcohol, to the flame of which it communicates a green colour.
Paper dipped in this solution, burns
in the same manner.
In consequence of this property of imparting a green COlour to flame, I made some experiments with it, for the purpose of preparing green -fire; and found, that, by employing
it in the proportion
of one-eighth, the flame was always
green, provided that the flame of the combustible used, was
not tinged of any other colour.
Nitre, charcoal, and boratic acid will give a green; also nitre, lamp oil, and boracic
acid; nitre, alcohol, and boracic acid, along with charcoal;
and chlorate
of potassa, charcoal, and boracic acid, with or
without the addition of alcohol. But, although boracic acid
communicates a vrely green, its expense will prevent its use
in that way, espetially as many other preparations,
as those
of copper, will have the same effect, and are more ecotlomical
on ciccount of their price. Se& the Colotlred Flame of Alcohol,

and

C’oloured

Fire.

Oils, when assisted by heat, will dissolve boracic acid. In
naphtha, it is very soluble.
With
oils, it yields fluid and solid products, which give a green colour to the flame of alcohol. It is not a combustible acid, but only imparts colour
to the @ame of combustible bodies.
Boron will unite with fluorine, the radical of fluoric acid.
When one part of vitrified. boracic acid, two of fluate of
lime or Auor spar, and twelve of sulphuric acid are distilled,
an acid gas will be obtained, called fluo-boric gas. For the
properties of boron, consult Thenard’s
T&ti
clie C/GnGe.

PART II.

INSTRUMENTS,

TOOLS,

AND

CHAP’rER
OF THE

UTENSILSI

I.

LABORATORY.

The laboratory for pyrotechny may consist of a building,
furnisheri with furnaces, boilers, &c. for the preparation
or
refining of Sdtpetre,
and other substances for use; but according
to its present acceptation, it is a place where all
kinds of fire-works are prepared, both for actual service and
for exhibition; such as, besides the ordinary works for show,
quick matches, fuses, port-fire, grape-shot, case-shot, carcass&s, hand granacles, cartridges, $c. It should have tables,
benches, and closets, where the tools, paper, thread, &c. may
be commodiously placed, and an adjoining room to contain a
suppiy of materials for two days’ work.
The chief artificer takes the weight of the materials made
use of, attends to the weighing of the different substances, and
sees that the mixtures are made properly, &c. He also keeps
The prean account of the number and kinds of fire-works.
pared fire-works ought to be removed daily to the magazine.
If they are made up in the field, under a tent, (denominated
the Laboratory
tent,) they should be packed in barrels or in
caissons.
$ec, L

Of

Labor-atory

Tools

and

Utensils.

The following
constitute the furniture and equipments of
a laboratory:
Copper rods, to load port fires, and the fuses of shells, howitzers, &c.
T;l’or.)den farmers, on which to roll the paper cases of the port
fires.
Wooden farmers, to roll the cases of rockets.
Balances, large and small, with weights, kc.
Buckets to carry water.
Boxes for loading priming tubes.
Barrels with leather tops, that draw, in order to keep grained
and meal gunpowder.
Rods, or rammers for charging rockets.
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Brushes to wipe the tables and sweep the compositions together.
Frames to dry priming tubes.
Copper calibers to regulate the size of priming tubes.
Pen knives.
Needles for piercing priming tubes in the directicr of their
length.
Fuse drivers.
Coopers’ adzes.
A copper kettle.
Scissors for cloth and paper.
aper cutters.
Priming wires.
Skimmers for skimming the froth of boiling saltpetre.
Funnels for charging port-fires, howitzers, shells, &c.
Square ruler,
Fuses for shells, &c. (or a lathe to make them,)
Large and small wooden bowls.
Srn all axes.
Ladles for charging the fuses of shells, port-fires, &c.
Mallets to hammer the fuses.
Glue pots and brushes.
Heavy mallets to beat the powder.
Tin measures, of different sizes.
Hand mortar.
Foot rules.
Rat-tail files to cleanse the interior of the reeds of priming
tubes.
Wooden rasps.
Iron rulers, l-2 foot long.
Leather bags, in which gunpowder and charcoal are reduced
ti: powder.
Pock t’Csaws.
Paller knives for saltpetre.
Tables, small ones to mix the composition;
large ones with
a Icdge tCt meal the ponder on.
SievLs, tir:e and common; of silk, and of hair.
Fuse drawers.
This for rcllling cartridges.
Gimblets of different sizes.
l’he materials required more particularly
for military fireworks, are:
Gunpowder.
Saltpetre.
Sulphur.
Charcoal,

*

_
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Camphor.
Beeswax.
Glue, rosin.
Cotton yarn for quick match.
Brandy or other spirits.
Gum arabic.
Linseed oil.
Spirits of turpentine.
Pitch.
Reeds or quills for priming fuses.
Mutton tallow.
Vinegar.
Thread for tying quick match.
Cartridge paper.
Thread, tow and spun yarn; to make match rope.
Cordage, to make tourteaux.
Flour to make paste.
The characters used to express certain substances em$oyed in fire-works, are the following:
(James’s Ail. Dzct- pm
101.)

M.
0.
C.
C.
S.
G.
C.
X.
B.

means meal powder,
Saltpetre.
2. Crude sulphur.
S. Sea coal.
x Steel or iron filings.
X Glass dust.
I. Cast iron.
Camphor.
L. Lampblack.
L. S. Lapis Calaminaris.
W. Spirits of wine.
P. 0. Oil of spike.

&c. ISI- Of Mana’rils

3. Corn powder.
2. Brimstone.
C + Charcoal.
B. R. Beech raspings.
B. x Brass dust.
T. x Tanners’ dust.
C. A. Crude antimony.
A. Y. Yellow amber.
G. I. Isinglass.
? Gum.
S. T. Spirits of turpentine.

and Cylznders for forminbg
and Cases.

Curtridges

The rollers or rods, on which cartridges are formed, ought
Very dry,
be solid, and perfectly straight and round.
sound wood should be selected, and when turned, the rod
should be perfectly cylindrical;
one extremity being concave,
.
and the other convex.
Mandrils may be made of copper, which is preferable to
wood, as this is apt to warp and crack; and in both cases,
should be longer than the cartridge, so as to be drawl! out
easily. They are of different lengths and diameters, according to their respective uses,
to
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rind Mallets.

The rammers which are used for compression, are cylindrical like the preceding.
They have a head much larger
in dimensions than the part that enters the tube. (See A, B,
C, II, and E of Fig. 1. in the Plate).
Besides being made
of wood, which should be of the hardest kind, as Zignum vi&,
they may be formed of copper or brass. In this case, they
are first cast of the requisite size and shape, and finished in
a lathe.
Wooden heads are sometimes put to them, but
with little advantage; as they frequently split and require to
be renewed.
The wooden rammer may be struck with metal; but when
the rammer is of copper or brass, wooden mallets must be
always employed.
We may here remark, that’ in charging rockets, it has
been customary
to employ several rammers.
The first drift
must be six diameters from the handle, and this, as well as
all other rammers, ought to be a little thinner than the former, to prevent the tearing of the paper, when the charge is
driven in. In the end of this rammer is a hole to fit over
the piercer.
(See B. Fig. I.) The line marked on this
rammer, a? will be explained hereafter, when it appears at
the top of the case, indicates that a second rammer must be
used. This second rammer, Ii-om the handle, is four diameters, having a hole for the piercer, 1 l-2 cliamkters long. (C.
Fig. 1.) When the case is filled as high as the top of the
piercer, a short and solid drift is used. (E. Fig. I.).
Hammers must have a ferrule, or collar of Srass at the
bottom, to ketp the wood from spreading, or splitting.
With
regard to the handles of the rammers, if their diameter be
equal to the bore of the mould, and two diameters long, the
proportion is a good one. The shorter they can be used, the
better. The longer the drift, the less of course, will be the
pressure on the composition, by the blow given by the mallet.
M’e may observe here, that rockets may either be driven
over a piercer, or driven solid, and afterwards bored,
As much of the effect of rockets depends upon the manner
they are driven, whether lightly or compactly, or uniformly
throughout,
circumstances which affect their quality;
it is
necessary, in using the rammer, to employ an equal force
for driving the composition.
The mallet, therefore, should
be of a given weight; and a certain number of strokes with
the same force, on each new charge, must be accurately fol-
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lowed, until the driving is completed; taking care, at the
same time, that the rocket stands firm on a solid body.
Dry beech is the best wood for mallets. k A writer very
judiciously observes, in the Encyclopedia
Britanica,
(vol. XV,
695), that, if a person uses a mallet of a moderate size, in
proportion to the rocket, according to his judgment, and if
the rocket succeeds, he may depend on the rest, by using the
same mallet;
yet it will be necessary, that cases of different
sorts, be driven with mallets of different sizes. In all cases,
under one ounce, the charge may be rammed with an ounce
mallet.
There is an advantage, also, by having the handle of the
mallet turned out of the same piece as the head, and made
If their dimensions are regulated
in a cylindrical
form.
by the diameters of the rockets; then, for example, if the
thickness of the head be three diameters, and its length four,
the length of the handle will be five diameters, whose thickness must be in proportion to the hand.
Bigot (Artz@e
de Guerre p. 118) speaking of the flying
fuses, or sky-rockets, observes, that the mallet used for drlving the composition, is proportionably
large, according to
the rockets, and that it is five inches in length, and four in
breadth, when the diameter of the rocket is from 12 to 18
lines. The mallets for larger rockets are stronger and heavier,
and, in some instances, where a great force is required, as in
driving war-rockets, a machine similar to the pile-engine, is
used. See Congrerte Rockets.
Sec. IV-

Of

Utensils

necessary Jbr
Rockets.

consftwting

of

Signal

A detailed account of the tools used in making signal
rockets, may be seen in Ruggeri, Pyf*otec?z?zy, p. 143; but
M. Bigot has enumerated them as follows:
One mandril for forming the cartridge, or case,
One pair of curved compasses to determine the exterior
diameter.
Three conical mandrils. (See fig. 5, plate.)
One solid, or massive cylinder.
One mould for garnishing.
Two moulds for the capitals, or heads, one of which is for
the rockets with, and the other for the rockets without,
or furniture.
the garnish,
One piercer and block (See plate, fig. 1, I & H.)

SEC.
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One scoop.
One punch.
One mallet.
One press.
One large knife.
One pair of scissors.
All the wooden utensils ought to be made of hard and
sound wood, without knots. ‘lYhc rammers should be furnished with rings or ferrules, and the first bored with a hole
of sufficient length to receive the piercer. The second should
be bored deep enough to receive two-thirds of the piercer,
and the third, to receive one-third, while the fourth should
be solid. These rammers are all furnished with heads. (See
section iii,)
Sec. V.

Of

the Rolhg,

or Plane

Board.

This board is furnished
with a handle, and is used for
rolling rocket cases, Szc. and is of different dimensions, according to its application. It is made of hard wood, such as
oak or w&tit.
When the paper is wrapped round the mandril or furmer,
the rolling board is used tr, compress the paper, and make it
round and smooth.
Sec. VI.

Of the

Drivel-Jo?*

chnr~qi?lg

large

Rockets.

This contrivance
is similar to a pile driver in construction; and, by means of a weight falling upon the rammer,
the charge is sent home with great force. Its use is confined
to the largest kind of rockets.
Zec. VII

Of Mortars

and Pestles.

Mortars are employed for the pulverization
of substances, and, according to their use, may be either of wood, marble, brass, or cast-iron, which last costs less than the others.
Large mortars have covers, in order to confine the finer particles. The pestles should be of very hard wood; because,
in that case, no danger would be apprehended ot an explosion
of the materials, an occurrence which might take place, if
iron were used. This, however,
depends on the substances
submitted to the pestle.
LYec. VIII.

The

Of the

chonker is nothing
II II

Choaker

or Strangler.

more than a contrivance,

usually
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made of rope, by which the closing of the end of the rocket
is eficteci, so as to form a kiud of cup or mouth.

This table may be either square or an octagon, and made of
hard wood. There is a rim, a few inches high, raised round
it, and a gutter at one end to allow the powder to pass out,
when the operation is finished.
See plate, fig. 7 and 8.
This mode of mealing powder is by no means to be preferred. (See Gurl~ozuder.)
A sack is also used for crushing powder.
It should be
made of strong elastic leather, and sewed together in such a
manner as to prevent the impalpable powder from passing
through its seams. They are of an oblong shape, and contain from 20 to 28 pounds.
Fifteen pounds are generally
put in at a time. This method of crushing powder is preferred, as it is less liable to accidents. It is hardly necessary
to add, that the bag is beaten with a cylindrical stick.

&YC. X,

Of Sieves.

There are several kinds of sieve. The common sieve
has neither a cover nor a receiver, and may be either formed
of horse hair, or of brass or copper wire.
It is necessary
to have some sieves of a finer kind.
For this purpose, silk
and gauze are generally used. The cover is merely leather,
fixed in a frame, which fits on the top. The receiver is
formed nearly in the same manner, having a skin stretched
over a frame, which fits on the under part of the sieve.
Sec.

XL

Of

the Puper

Press.

A press, for the purpose of pressing paper, is formed of
two pieces of wood, which are brought together by means
of one, or several screws. This press is sometimes, though
seldom, used. If paste-board is made, when it cannot be
had ready prepared, then the press is actually necessary.
The intention is to unite the several sheets, which have been
pasted, by using the pressure of the screw, and to remove any
extraneous paste, so that the paper may have no inequalities
on its surface.
In lieu of the screw-press, heavy weights
laid on the paper for several hours, will answer the same
purpose.

CHAPTER

II.

Pdiminary
operations in the preparation
of fire-work,
and
observations on the preservation
of gunpowder,
and sundry
mkprlations.
Sec. 1. Of the i?arkshop.
We have already noticed the principal furniture of a laboratory, and, therefore, can add nothing new on this head.
There are, however, some utensils employed for particular
works, which we may here describe.
In the disposition of the workshop, the tables, utensils, &c,
are arranged, according as the judgment
may dictate for
convenience and use. Care must be taken to prevent the access of fire, and to prevent, as far as possible, the presence
of moisture.
Lanterns, if light is required, are always to
be preferred; but the best manner of communicating
light is
through a window, placing the lights outside of the building,
or apartment, as is done in powder mills. Other precautions
may be necessary, which will readily suggest themselves.
In conducting the work, the workmen are to be sa arranged, as that, while some are employed in the preliminary operations, others are making and finishing the preparations.
The compositions
may he ready prepared, and well preserved in jars or other vessels. This is named bv the French,
It is a place, also, W!X r the subCabinet de composition.
stances are weighed, and mixed.
Sec.

II.

Of the -Mugazine.

The magazine is a place of deposite for gunpowder,
to
preserve it from fire, and moisture.
We have already mentioned the preservation
of gunpowder in the article on that
subject; but it may not be improper to offer some remarks,
respecting the construction of magazines.
Authors differ in opinion, both in regard to their situation
and construction;
but they all agree, that they ought to be
arched, and bomb-proof.
The first powder magazines were
made with gothic arches: Vauban constructed them in a
semicircular form, to make them stronger. Their dimensions
were, sixty feet long, within, and twenty-five
broad,
The
foundations were eight or nine feet thick, and eight feet high,
to the sprin, m of the arch. The floors were two feet from the
ground, for the purpose of keeping the magazine free from
dampness.
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It is observed, that the centres of semicircular arches will
settle at the crown, and their sinking must break the cement.
A remedy was applied for this inconvenience, by the arch of
equilzbrution, as described in Hutton’s work on bridges. As,
in powder magazines, the ill effect of the breaking of the
cement is particularly felt, Mr. Hutton proposed to find an
arch of equilibration
for them in particular, and to construct
it, when the span is twenty feet, the pitch or height, ten,(which
are the same dimensions as the semicircle), the inclined exterior walls at top, forming an angle of 113 degrees, and the
height of their angular point, above the top of the arch, equal
to seven feet.
A wall built round a magazine, gives it an additional security.
The roof should be slated, or coverecl with lead or
copper, and it ought to be furnished with a lightning
rod,
The points of
placed ten or fifteen yards from the building.
the rods may be either gilt;or of solid gold. Silver, however, is generally used; but, above all. platinum is to be preferred.
The advantage of these points is, that they do not
rust like iron, or become oxidized, an occurrence which
would diminish their powers as conductors of the electric
fluid.
To prevent the access of moisture, or rather to absorb it,
some have recommended the inner walls to be covered with
a COmpOSitiOrJ
of powdered coal, &c. Lining of magazines
with sheet lead, appears to have some advantages.
St. Peirre observes, that a Prussian officer informed him,
that, having remarked that vapour was attracted by lead, he
had employed it for dr? ing the atmosphere of a powder magazine, constructed under ground, in the throat of a bastion,
rendered useless from its humidity.
He ordered the concave ceiling of the arch to be lined with lead, where the gunpowder was deposited in barrels: the vapour of the wall collected in drops on the leaden roof, ran off, and left the gunpowder barrels perfectly dry.
Sec. III

Of the Driving

or Ramming

of Sky-rockets.

We purpose in the present article to give some general directions for the driving of rockets.
Rockets may be driven solid, or over a piercer.
In the
latter case, they must not have so much composition put in
them at a time. The piercer, accompanying
a greater part
of the bore of the case, would cause the rammer to rise too
high; st’ that the pressure of it would not be so great on the
composition, nor would it be driven equally.
For rockets
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rammed over a piercer, let the ladle, or copper scoop, hold
as much composition, as, when driven, will raise the drift onehalf the interior diameter of the case; and, for those driven
solid, let it contain as much as will raise the drift one-half
the exterior diameter of the case. Ladles are generally
made to go easily into the case, and the length of the scoop
is about one and a half of its own diameter.
The charge of rockets must always be driven one diameter above the piercer, and, on it, must be rammed, one-third
of a diameter of clay; through the middle of which a small
hoIe must be bored to the composition, so that, when the
charge is burnt to the top, it may communicate its fire,
through the hole, to the stars in the head. (See plate, fig. 14.)
Great care must be taken to strike, with the mallet, with an
equal force, giving the same number of strokes to each ladleful of composition ; otherwise the rocket will not rise with
a uniform motion, or burn equally and regularly, for which
reason, they cannot carry a proper tail.
It will break, in this
case, before the rocket has ascended to its extreme height,
where the rocket should break and disperse the stars, rain, or
whatever is contained in the head. When in the act of ramming, the drift or driver must be kept constantly turning or
moving; and when the hollow rammers are used, the composition is to be knocked out every now and then, or the
piercer will split them.
To a rocket of four ounces, give to
each ladleful of charge, 16 strokes; to a rocket of 1 lb. 28;
to a 2 pounder, 36; to a 4 pounder, 42; to a 6 pounder, 56.
But rockets of a larger sort cannot be driven by hand, and
must be rammed with a machine similar to a pile-driver,
The method of ramming wheel cases, or any other sort,
in which the charge is driven solid, is much the same as that
used for sky-rockets; for the same proportion
may be observed in the ladle, and the same number of strokes given,
according to their diameters, all cases being distinguished by
their diameters.
In this manner, a case, whose bore is equal
to that of a rocket of four ounces, is called a four ounce
case., and one which is equal, in bore, to an eight ounce rocket, an eight ounce case, &c. The method of ramming cases,
without moulds, will answer for strong pasted cases, and save
the expense of making so many moulds. In filling any case, it
must be placed on a perpendicular
block of wood, in order to
keep it firm and solid; otherwise the composition would be
rammed unequally.
When cases are to be filled without moulds, procure some
nipples, made of bass or iron, in proportion
to the cases, to
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screw or fix in the top of the driving
block.
When the
nipple is fixed in, make, at about one and half inches f;-om
it, a square Me in the block, six inches deep, and one inch
in diameter.
Then have a piece of wood, six inches longer
than the case intended to be filled, and two inches square.
On one side of it, cut a groove, almost the length of the
case? whose breadth and depth must be sufficient to cover
near one-half the case. Then cut the other end, to fit the
hole in the block; but take care to cut it, so that the groove
‘P’his half
may be at a proper distance from the nipple.
mould being made, and fixed tight in the block, cut, in another piece of wood, nearly of the same length as the case,
a groove of the same ditnensions as that in the fixed piece.
Then put the case on the nipple, and, with the cord, tie it,
and the two half moulds together; and the case cviji be prepared for filling.
The dimensions of the above half moulds
are proportionable
for cases of eight ounces; but they differ
in size in proportion to the cases.
Sec. IV.

Of the Boring

of Rockets.

The machine, for boring rockets, is similar, in some respects, to a lathe.
The rocket is confined in a box, and, by
means of a wheel, which is made to turn a second one, an
auger rammer is put in motion.
The rammer must be of a
size, proportionate
to the rocket, and of the same diameter,
as the top of the bore intended, and continue of that thickl-he
ness, a little longer than the depth of the bore required.
thick end of each rammer must be made square, and all of
the same size. The rammer is made to move backward, and
forward,
so that, after the rammer is marked three and a
half diameters of the rocket, from the point, set the guide,
allowing for the thickness of the front of the rocket box,
When the rocket is
and the neck and mouth of the rocket.
fixed in the box, it must be pushed forward against the rammer, and, when the scoop of the rammer is full, draw the
box back, and knock out the composition.
A little oil is
sometimes used, to prevent the friction from setting fire to
the rocket.
Having bored a number of rockets, taps must
be used. These taps are similar to the common spicket.
When employed, it is necessary to mark them three and a
half diameters from the point, allowing for the thickness of
the rocket’s neck.
There are several contrivances for the boring of rockets.
The operation is sometimes done, by confining the rocket in
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a box, and boring it with a borer, fixed in a’ brace, using, at
This brace is like the
the same time, a proper director.
common brute, used by carpenters, or formed on that principle, and made of iron.
The motion, given by the hand,
performs the operation.
e see. K

Of the Preservation

of Steed or h-on Filings.

When treating of iron, we mentioned, that it has the property of oxidizing
rapidly, when exposed to the air and
and that its effects in fire-works,
in that case,
moisture;
would be either destroyed, or considerably diminished.
And
even fire-works, in which iron enters as a component part,
will, if kept long, lose some of their effect, in consequence
of the change, which the iron suffers; for, instead of producing brilliant sparks, which is their intention, it would impart a dull red appearance.
Two methods are recommended
for the preservation
of
iron.
The one is to melt a portion of sulphur, and throw
the filings into it, and afterwards to separate the extraneous
sullphur.
The other consists in wrapping them up in oiled
paper.
As to the first method, we may apprehend the effect
of the sulphur, combining with some of the iron, instead of
coating it,forming thereby a sulphuret, which,besides,is
readily decomposed by the contact of air and moisture, producing
sulphate of iron.
The second method, of wrapping them in
oil, or, in fact, covering them with oil, is certainly a greater
preventive
from rust, for where the oil is in contact, no oxidizement can take place.
There are several methods recommended to preserve ironwork from rusting.
The use of paint and varnish for this
purpose is familiar.
In Sweden, they cover iron-work
with
a mixture of pitch, tar,. and wood soot, which acquires a
gloss, similar to that of varnish, and is said to prevent the
oxidizement
of the metal very effectually.
Fat-oil varnish,
mixed with four-fifths of rectified spirit of turpentine, has
been recommended.
It is applied with a brush, or sponge.
Articles, varnished with this preparation, are said to retain
their metallic brilliancy, and never contract any spots of rust.
Another composition, for the same purpose, is highly recommended.
It consists in applying a mixture of one pound of
hogs’ lard, free from salt, one ounce of camphor, two drachms
of black lead in powder, and two drachms of dragon’s blood.
At Sheffield and Birmingham,
sundry articles, made of steel
and iron, are preserved from rust, when sent to foreign mar-
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kets, by wrapping them in coarse brown paper, prepared first
with oil.
Among the different preparations, recommended at various
times to prevent iron from contracting rust, we may mention
one, which has been used with success, and which gives a
lead colour.
It is nothing more than taking some litharge,
and heating it in an iron pot, and scattering over it some sul;
phur.
The litharge will change its colour, forming a kind of
sulphret
0 f lead, which is then ground with drying oil, and
applied like paint.
tlrc are told, that this preparation
gets
remarkably hard, and resists the weather more effectually than
any other lead colour.
!?cc.

ITI.

fif

the ma.&lzg of Wheels and other
‘bustilde.

fVorRs incom-

It is usual to give a coat of paint to the wood-work of
wheels, 8~. which are designed to carry a number of cases.
To prevent their taking fire, paint, in some measure, has the
effect. The following
composition
is recommended:
Take
brick dust, coal-ashes, and iron filings, of each an equal
quantity, and mix them with a double size, made hot. Apply this to the wood, and when dry, give it another coat.
Several methods have been adopted for the same purpose;
but wood may be made to resist, in a great degree, the action
of fire, and rendered almost incombustible, by soaking it in
a solution of the supersulphate
of potassa and alumina,
(alum), in sulphate of iron, (green vitriol), and in other salts,
which are incombustible.
With respect to the use of alum as a preservative
against
fire, it is certain, that, although its use in this way is very
ancient, it was not often recommended;
for writers on the
art of war, such, for example, as Anas, mentions the use of
vinegar, in the following quotation from his Poliorcet. cap.
24: “ Majus juverit,
si prius ligna aceto linantur; nam a
materia aceto illita, ignis abstinet .”
The use of alum, to prevent substances from taking fire,
is not a new invention; notwithstanding
we find it recommended in modern works, not only for wood, but also for
paper, and linen and cotton dresses, &c. Aulus Gellius relates, that Archelaus, one of the generals of Mithridates,
washed over a wooden tower with a solution of alum, and
thereby rendered it so much proof against fire, that all Sylla’s
attempts to set it in flames proved abortive.
A writer in the Anthologia
Nibernica,
vol. iii, for 1794.

observes, that the use of alum to prevent the action of fire,
on wood, or other combustible bodie-s, is not new, and those,
who lay claim, are not entitled to originality
on that head.
Another mode to prevent wood from taking fire may also
be adopted.
It consists in mixing together, one ounce of
sulphur, one ounce of red ochre, and six ounces of green
vitriol.
Th e wood work is covered with joiners’ glue, and
the mixture is then put over it. This process is to be repeated three or four times, allowing the glue to dry before a
new coat is applied.
There are several other preparations
for the same purpose, not only for the covering
of wood, but also paper,
But M. Ruggeri is of opinion, that they cannot be depended
upon, when used on paper; for the paper will, in part, be
consumed. The formula
for one of these compositions,
is
thus given by that gentleman: To a pound of flour, mix
a handful of powdered alum, and add to it strong glue-water,
and bring it to a proper consistence with clay. Flour and
glue-water,
mixed together, with the addition of a small
quantity of muriate of soda, (common salt), is also recommended for the same purpose.
Wood, steeped in a solution
of common salt, so as to be thoroughly impregnated with it,
is very difficult of combustion.
In Persia, salt is used to prevent timber from the attack of worms. The practice of salting ship timber is highly recommended.
Wood, in fact, may be rendered incombustible by several
processes, some of which we have given.
Ear-1 Stanhope,
among others, made some interesting experiments
on this
subject.*
Having thus given some of the modes, usually adopted to
render wood incombustible,
or to prevent its taking fire
so instantaneously,
we purpose to add some remarks repetting
the processes for colouring
it. An excellent
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preservation
against moisture, which commtmicates a colour
at the same time, is fnrmed of 121bs of rosin, 3lbs of sulphur, and 12 pints of whale oil, melted and mixed with
a sufficient quantity of red or yellow ochre, and applied by
means of a brush. Pulverized black lead may be substituted
for the ochre. Several coats of this mixture may be put on,
allowing each coat to dry before another is applied.
This
composition is particularly
well adapted for wheel work, &c.
and for aquatic fire-works.
Chaptal advises, for the same
purpose, a mixture of equal parts of white turpentine, bees’
wax, and maltha, or, in the place of maltha, coal tar. Wood,
covered with three coats of this composition, and immersed
for two years in water, was found to be quite dry. It would
be well, however, to cover it with some of the preparation,
to render wood incombustible.
With respect to the staining of wood of various colours,
several preparations
may be used.
To communicate a green
colour, a hot solution of acetate of copper may be used; or
verdigris,
alum, and ITinegar, boiled together.
A decoction of brazil wood, with alum and cream of tartar, will impart a red; indigo, dissolved in sulphuric acid, (liquid blue
dye), a blue; a tlecoction of logwood, nut-galls, and copperas,
a black; a solution of dragon’s blood, or of-alkanet wood, in
turpentine, a mahogany colour, &c. The imitation of bronze
on wood may be effected, by covering it first with isinglass
size, then suffering it to dry, and putting on a coat of oil
gold size, and covering it with bronze powder, a,preparation
sold for that purpose. A solution of aloes in spirits, which
communicates
a greenish-black,
is a great preservative
of
wood against worms.
M. Ollivier (Axhz’aes des Decouvertes,
v, p. 386) has given
a variety of recipes for imitating bronze, stone, &c. He
recommends
the following
for the imitation
of ancient
bronze? which may be ap:)lied to wood-work.
Melt together*
1.%Xbs of fine sand, 17011~3 of lead ore, (Galena), and 301bs
of manganese, and add one-sixth part of brass. This compound is then pulverized.
It is applied on the usual ground.
Blach earth, as it is called, made of green earth, oxide of
manganese, oxide of iron, and oxide of copper, is also recommended for covering wood-work.
The composition for imitation marble,
is 1 part of green earth, ; a part of sand, and
I-Sth, of a part of bol. armen.
I3y adding l-l&h part of
yellow burnt copper, the colour will approach to green. The
same composition,
with l-l&h part of copper, and 1-32d
iron, will give a black.

”
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The cases for rockets, as a general rule, are to be made
6 1-2 times their exterior diameter in length; and all other
cases, that are to be filled in moulds, must be as long as the
moulds, within a half of the interior diameter,
Rocket cases, from the smallest, to 4 or 6 pounds, are general117 made
of the strongest sort of cartridge paper, and rolled dry; but
the large sort are made of pasted pasteboard.
(See observations on that su!jject.) As it is very difficult to roll the ends
of the cases quite even, the best way is to keep a pattern of
the paper for the different kinds of cases. These patterns
should be longer than the case they are designed for, and the
number of sheets requirzcl shouLt be marked, which will,
prevent any paper being cut to waste. Cut the paper of a
proper size, and the last sheet for e:lch cast, with a slope at
one end; so that when the cases are rolled, it may form a
spiral line round the outside; and thst this slope may always
be the same, let the pattern be so formed for a constant
guide; 1Sefore you begin to roll, fold down one end of the
first sheet so far, as that the fold will go two or three times
round the former; then, in the double edge, lay the former
with its handle off the table, and after rolling two or three
turns, lay the nest sheet on that which is loose, and roll it
all on.
The smoothing board, which is about twenty inches l&g,
is now to be applied; and after rolling the paper three or four
times, lay on, in the same manner, another sheet of paper,
This operation is to be
and smooth it in the same manner.
repeated till the case is sufficiently thick. When the 1::s~sheet
is rolled, we must observe, that t’he point of the slope is
placed at the small end of the roller.
The case being made, the small end of the former is put
in, to about one diameter of the end of the case, and the end
Fiece is inserted within a little distance of the former.
Then give the pinching cord one turn round the case, between the former and the end piece. At first, pull easy, and
keep moving the case, which will make the neck smooth, and
without large wrinkles.
This operation is called by the
French strangling, or choaking.
When the cases are hard to
choak, let each sheet of paper (except the first and last in
that part where the neck is formed) be a little moistened with
water.
Immediately
after you have struck the concave
stroke, bind the neck of the case round with small twine,

,

which must not be tied in a knot, but fastened with two or
three hitches.
Having thus pinched and tied the case, so as not to give
way, put it into the mould without its foot, and, with a small
mallet, drive the former hard on the end piece, which will
force the neck close and smooth. When this is done, cut the
case to its proper length, allowing, from the neck to the edge
of the mouth, half a diameter, which is equal to the height
of the nipple. Then take out the former, and drive the case
over the piercer with the long rammer, and the vent will be
of a proper size.
Wheel cases are sometimes driven on a nipple, with a
point to close the neck, and make the vent of the size required; which, in most cases, is generally 14th of their inteAs it is very often difficult, when the cases
rior diameter.
are rolled, to draw the roller out, a hole must be made in its
handle, and a pin, as a purchase, put in.
The machine for pinching cases consists of a treadle,
which, when pressed hard with the foot, will act upon a cord,
and draw it tight. The cord runs over a small pulley, and is
fixed to an upright piece. It is wound once round the case,
between the former and end piece; and when the cord is
drawn, the case is brought together.
Cases are commonly rolled wet for wheels and fixed pieces; and when they are required to contain a great length of
charge, the method of making these cases is thus: The paper must be cut as usual, except the last, which ought not to
have a slope. Having it ready, paste each sheet on one side,
and then fold down the first sheet as before directed; but be
careful that the paste does not touch the upper side of the
fold. If the roller be wetted, it will tear the paper in drawing it out. In pasting the last sheet, observe not to wet the
last turn or two in that part where it is to be pinched; for if
that part be damp, the pinching cord will stick to it, and tear
the paper.
Therefore, in choaking those cases, roll a bit of
dry paper once round the case, before the pinching cord is
used. This paper is to be taken off after the operation. The
rolling board, and all other methods, according to the former
directions for the rolling and pinching of cases, must be used
for these, as well as other cases. See encyclopedia
Britanica,
vol. xv, p. 692.
Morel, in a practical work, (Traits’
Practigue
des Feux
d’A r t$i ce) speak in g o f rocket cases, observes, that the rule is,
to give to their thickness, half the interior diameter, or half
the diameter of the roller.
If the roller, for instance, were
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half an inch, the case should be l-&h of an inch in thickness.
A rocket is divided into three equal parts; two for the interior diameter, and one for the thickness of the case.
As to the length of sky-rockets, it is regulated by the
length of the piercer, if they are pierced in the charging.
One-third more than this length is allowed for the chonR, and
the rest, of course, for the composition.
With respect to
other cases, Morel remarks, that the cases for turning pieces are usually six inches in length, and, for fixed pieces, secandles, are of
ven and eight inches. The cases of Roman
the same thickness as those of rockets. In length they are, as
well as the Mosaic candle, fifteen inches. They are choaked
and cut.
Those of serpents are made with one or two cards, which
are rolled upon a former of wood, or metal, l-&h of an inch
When made, the
in diameter, and four inches in length.
case measures three inches. Dry rolling is considered
sufficient for these cases.
The fixed stars are made of common pasteboard,
3 l-2
inches
long, on a mandril, 1-2 an inch in diameter.
They
are pasted with ordinary paste, but mixed with clay, and
choaked, and bound as usunl,
Sec. VIIL
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This kind of cases is generally made 8 diameters long;
but, if very large, seven will be sufficient. From four ounces to two pounds, will succeed perfectly,
but, when larger, there is no certainty.
They are best rolled wet with
paste, and the last sheet must have a straight edge, so that
the case may be all of a thickness. After rolling them in the
same manner as wheel cases, pinch them close at one end;
then, with a rammer, drive the ends down flat, and, afterwards, ram in about one-third of a diameter of dried clay.
The diameter of the former for these cases, must be the same
as for sky-rockets. Tourbillcns
are to be rammed in moulds,
without a nipple, or in a mould without its foot. (Ency. Brit.)
Sec. IX.

Of Balloon

Cases, or Paper

Shells.

First, prepare an oval former, turned out of smooth wood;
then paste a quantity of brown, or cartridge paper, and let it
lie until the paste is quite soaked through. This being done,
rub the former with soap or grease, to prevent the paper

from sticking to it. Next, lay the paper on in small slips, until you have made it one-third the thickness of the shell intended.
Having this done, set it to dry; and when dry, cut
it round the middle, and the two halves will easily come 0%
but, observe, when you cut, to leave about one inch not cut,
which will make the halves join much better than if quite
separated. WI len you
have some ready to join, place the
halves even together, and paste a slip of paper round the
opening, to hold them together, and let them dry. Then lay
on paper, all over as before, every where equally, excepting
that end which goes downward in the mortar, which may be
a little thicker than the rest; for that part, which receives
the blow from the pounder in the chamber of the mortar,
consequently requires the greatest strength.
When the shell is perfectly
dry, burn a vent at the top?
with an iron, large enough for the fuse: This method will
answer for balloons from 4 inches %5ths, to 8 inches in diameter; but, if they are larger, or required to be thrown to
a great height, let the first shell be turned of elm, instead
of being made of paper.
For balloons 4 inches 2-sths, let the former be 3 inches l-8&,
in diameter, and 58 inches long. For a balloon of 54 inches,
the diameter of the former must be 4 inches, and 8 inches
long. For a balloon of 8 inches, let the diameter of the
form be 5 inches and 15-16ths, and 11 inches 7-8ths long.,
For a IO inch balloon, let the form be 7 inches S-IGths, in
diameter, and 143 inches long. The thickness of a shell for
a balloon of 4 inches %5ths, must be 8 an inch. For a batloon of S$ inches, let the thickness of the paper be 5-8ths, of
a’n inch; for an 8 inch balloon, 7-8ths, of an inch; and for a
ten inch balloon, 1 inch and 14th of an inch.
Shells, that are designed for stars only, may be made
quite round, and the thinner they are at the opening, the better; for if they are too strong, the stars are npt to break at
the busting of the shell. When making the shell, employ a
pair of callipers, or a round gage; so that you may not lay
the paper thicker in one place than other, and also that you
may be able to know, when the shell is of a proper thickness.
Balloons must always be made to go easy into the mortars, (See Encyl. Bri:. Art. Balloon cases.)
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Port:fires.

to 6 inches long: they are pinched close at one end, and left
open at the other. When they are to be filled, put in but a little
composition at a time, and ram it lightly, so as not to break
the case. Three or four rounds of paper, with the last round
pasted, will b2 sufficiently strong for these cases. (I&d.)
Sect. 1YI.

0~~ Cases and Moulds

for

Common

Port-jres.

are intended purposely to fire the
Common port-fires,
works, their fire being very slow, and the heat of the flame
so intense, that, if applied to rockets, leaders, &c., it will fire
When used, they are held in copper
them immediately.
sockets, fixed in the end of a long stick. These sockets are
only with a screw instead of a ring.
mac!e likt port-crayons,
Port-fires, or lances of service of the Fre?zc/z, may be made
of any length, but are seldom more than 21 inches long.
The interior diameter of port-fire moulds should be IO16ths, of an inch, and the diameter of the former half an inch,
The cases must be rolled wet with paste, and one end pil!ched or folded down. ‘The moulds should be made of brasE,
and to take in 2 pieces lengthwise: when the case is in the
two sides, they are held together by brass rings or hoops,
which are made to fit over the outside.
The bore of the
lnould must not be quite through, so that there will be no
occasion for a foot. The French make the cases of five
thicknesses of paper, and form the moulds upon rollers of
$ths of an inch in diameter.
Port fire, accordingJo the full acceptation of the term Portef%c
. . of the “French, means a porter, or carrier of fire, and
Implies all sorts of fus6es or matches, by which fire is communicated.
In a treatise on Military
2%-e-works, as taught at Strasburg in 1764, an extract of which was translated and published by order of the War Department
in 1800, there are
some observations on port-fires, which, as the mode of making them according to these directions appears to have
been adopted, may be useful to notice in this place.
“ port-jres
may be made in two ways. The first is made
and beaten in a mould; the other simply rolled on a ramrod,
and filled lying on the table.
“ To make port-fires of the first kind, the mould must be
made of dry wood, such as pear-tree, nut or box wood. The
height of the mould is 13.85 inches; its diameter at the boftom, 3.2 inches; its diameter above, 9.13 inches; diameter

.

of the hcrlc or caliber, .62 inches; height of the base, 2.13 itIches; its diameter, 3.3 inches,
“ The base of the mould has in tllc middle a nob, which
the turner leaves there, the diameter of which is equal to
the whole of the mould, and one inch high, including
the
circle, which should be rounded iike a hemisphere.
There
must be three rods, one of which, of hard wood to roll the
cartridge
upon; the two others of iron to ram down with.
The one to roll upon, or the form, is to be of the length of
the mould, exclusive of the handle, which is 3.2 inches
longer.
The dillmeter of this rod is .45 parts of an inch.
The first, or greater one to charge with, is the same length
with that to roil upon; the second is but half the length, and
both are .44 parts df an inch in diameter.
u To make good cartridges,
you must have good paper,
well sized, cut according to the length of the rolling rod or
form, which must be rolled very tightly round the form, so
that the vacancy left may be exactly equal to the size of the
mould, and that the paper should exactly fill the space between the form and the mould.
Then the form is drawn
out, after having tied it at the end with packthread.
To
fill it, it must be replaced in the mould.
A cupful of composition is then put in, and five or six strokes given with the
The ramrod is then withdrawn,
and a new
large ramrod.
charge is put in, which is beaten like the first, until the
cartridge is filled to the height of the mould.
It is then
drawn out, and primed with priming powder.
“ The port-fire is filled with ease, in using a tunqel placed
at the end of the cartouch, through which you pass the rod.
LGComposition

of thejrst

of Pm-&fires

Saltpetre
Sulphur
Priming powder

4 lbs.

1
o

kind.

2 oz.
12

12

“ After having mixed these materials well together with the
hand, and then with a rolling pin, you pass them through a
hair sieve, and fill your wooden bowls
u The second kind of Port-Jires,
are made in rolling
strips of paper 3 inches wide, and 1.278 inches long, on a
form of hard wood, about 14 inches long, and 35 parts of an
inch in diameter.
When about two-thirds of the paper is
rolled, the remainder of it is to be pasted over with paste
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made of flour and glue,
You then finish it, by passing your
hand along the extremity
of the pasted paper.
Having
fimshed the number
required,
you place them in the sun, or near
a stove,
and turn them from rime to time, to prevent
them
from sticking
together,
or bending.
“ C::riridges
being well dried, you must fill them with the
Fold rhe paper at one of the ends,
f~Jic;~ing
composition.
snrl2 a: the other, pour in the composition,
placing
your cartand h:iving
placed it perpenricige against the composition;
dicularly
on the table, you give it several
strokes,
to drive
Then you take your iron rod, which
down the composition.
is ..SS parts of an inch longer than the one which vou USC: to
roll with,
and a little
less in thickness
at the top.
There
should be a ring, that it may hang to the finger,
and move
the more easily.
Having
I:tid >roar cartridges
on the table,
you introduce
the rod, and with it compress
the composition.
Having
withdrawn
it, more
is ILL in, it is pressed
again, and so on until entirely
full.
YOU will take care to
press the last layer of the composition
more than rhe other,
to prevent its falling
out by moving.
tL The port-fire
cartridges
being finished,
they are laid b>~
.?
i<;r LZX, plltting
ten in a packet as before.

Saltpetre
Sulphur
Priming

powder

6 oimces.
,d 4 L .
A.
2, dc,

These three articles being mixed,
wooden bowl, and moisten
them with
find the composition
(being
pressed
hard.”

you

will put then1 in ;i
linseed
oil, u;lt:! ~.oti
well)
is sufiici&t:)-

,

1s first prepared with hot water, and passed through a hair
sieve, to sctparate the lumps.
A sheet of paper is stretched
upon a table, and covered, by means of a brush, with paste,
and a sheet is then laid over it. This is compressed, and anothtr coat of paste :iyplied; then anotheyPsheet, then paste,
and the number is acldt-d according to thcthickness required,
After five or more sheets are thus pasted together, a dry
sheet is laid over, and the operation is repeated, till five more
arr join&.
Then a dry sheet is put on, and the pasting is
rent-wed.
By this means. every five sheets are joined together, and the sheet, thus formed, is kept apart from the
rest, by the dry sheet. A pile of pasteboard, consisting of
some
hundred sheets, may be made in this manner at one
a
“rime. ‘d’hry are then put into a press,for the space of five
or six IIOWS, bv which they beconle firmly united, and all the
extraneous pa&e is pressed out. When a press cannot be had,
they may be put between boards? and heavv weights laid cn.
Th e pasteboard is then hung up in the air -to dry, and again
submitted to the press, to remove any inequalities, and to
make it smooth.
When glxxd
paper is used for making pasteboard, we
may employ, alternately, a sheet of brown paper.
It is better, howeve;., to use more of the glazed paper, than of the
Pasteboard of three thicknesses will be s&ibra
Rn
p:fIJCI’.
It is this kind, which is used fol
Gent for most p;lrposes.
the heads of rockets.
Several kinds of paper, however, are used in Are-works 5
common whir: paper is sufli(,icnr.
For small preparations,
For port-fire cases, the common I-,roi;~n paper; for the joints,
guarding places from fire, and covering tubes of communication, anv kind of grav paper-;
and for covering marrons,
the most &different kind may be used. Cartridge paper, as
known by that name, may tx usc:d for a variety of purposese
Paper may be rendered incombustible, or nearly so, by
In the
noa!tjng it r:pcatedly in a s’crong solution of alum.
Litc~trry JOT:F?l~rjcjf 1785, CJf Petersburg, there is a discovery
~~~ntioned of a kind of ~z~steboard, which neither fire can
Consume, nor water soften, It appears Car alumina, and its
usc’d in this preparatic;n.
salt (alunl) \V~L~‘CL
In tile JOWIIU~ des ilrts et Jltrmjixtz~~ es, tom. ii, p.205, is an
account of the manufhcturc of pasteboard at IMalmedy; and
in tf ie ‘l‘ranc,ir,tions of the Socie::y of Stockholm for 1785, is
a descriptio:l
of the process for making the Swedish stont
paper, which resists equall!, fire and water.
Stone paper is
manui’xlurcd
in IYrance, (Dictiunnairc
de l'fi;clzr~ii
ic, artialf:

carton),
by taking
stance:), and mixing
two

[Jam

twcJ

Of I-egetabk

parts of martial earth, (ochre., for in*
them with one part IJ~ animal Oil, and
matter,

[IreViCJUSl~

of Arts contains

in:lc!e

intO

a pUlp*

several specifications
Of patents ii>r the preparation of the same” p;l[)er.
141rhough paper may be rendered very diflicult of cornbustion bv the proctss already mentioned, that of 5ctaking ir
in a stron’g solution of alum, vet to make a paper fSornpleteg
iy indestructible
by fire, it m&t be made of arnianthus. The
prdcess for manufacturing
paper with this mineral, was announced in the Gazette de France in 1778. Professor Carbury received a medal for the invention.
IncOmbustil)le paper, for cartridges, ought to have the prOperty, not Of inflaming, but of simple) casbonrzing, when ex(Bzilietin
des Neustin)
ree
posed to heat. M. Brupptelli
commends the paper to be pr+ol~arcA with silicated alkali, comiii’~uiate
of
rCi2kSSCl.
and
monly called the liquor of flints.
supersulphate
of alumina-and-potassa
are b~!ti~ 1~~9 for 3
similar purpose.
Paper made according to Brugnatelli’s
process, is merely
<:arbonized by fire, and reduced to powder.
nl. Hermbstaedt
;Bulletin
des Decmmertes,)
observes, that
iJaper, made with silicated liquor,
attracts humidity,
and
proposes simply a solution of green vitriol, which has not
that property.
Paper may be stained, or cOIourec1, in a variety of ways,
as is the case with the portable Chinese El C- W:O-ks, that are
brought to this country.
Thus, a red paper may be formed
by dipping it in a decoction of brazil wood and alum; J;ellow, by using fustic; a green, by a mixed bath of blue and
yellow dye, or a solution of copper, &c. Coloured
p&lptr
may be glazed with weak size, rubbing it afterwards with a
polished stone.
The Chi:lese are in possession of several p~ocescje:,, as well
for making, as for ortiamenting
paper. Their silver paper,
which is sometimes put on their fire-works, is variously figured.
The art is very simple. ‘Two scruples of glue, and one scruThis is evaple of alum, are dissolved in a pint of water.
porated, and put on the paper, where they want it, and finall)
pulverized
GZuery talc (a magnesian stone) is sifted over it.
ft is then exposed to the sun, and the extraneous talc is
brushed off. The glue, it is obvious, causes the talc to adhere.
The abbe Naynal (Histoirr
Phi~mophigue
cdes deux Ides
to iii, pa 225) has same interesting facts respecting Chinese
Tht-

British

Re/ository

paper.
Some useful remarks
on paper hangings,
paper for
decorations,
tapestry
paper, &c. may be fotmd in the .Journ~S
de Paris,
1785, the LyceP des Arts
1795, and the .E~zcycZoOn the formapedie Method.
Arts et 2Ctiers,
t. iv, p. 3:)~.
tion of’ paper vases, in imitation
of Japan vases, consult the
The different
pa*
.i)ictionnairc
de I’hdustrid,
article vnses.
tents, respecting
pap”-. may be seen in the British
Repertortj
qf Arts, and the manufa&re
of paper generally,
in &es’s
Cyrlopdin,
and the Artist’s
&i%~z~a~.
The
Americxn
imBeckman
(l&story
oj’
prove-ments
are noticed
in the latter.
Inventions)
has a variety
of remarks
on the same sullject;
and, in his article
on paper hangings,
kc. vol. ii, p. 161, says,
that artists emplovcd
the silver--colonred
glimmer
(isinglass)
for the covel-ing
c;f’ paper, acd that the nuns of Keichtinstein
ornamented
with it, the images, which they made; as the nuns
fn France, and other catholic
countries,
ornarnentt
(1 thui:ag~lz IIei, by strewing
over them a shining
kind ot t;!lc.
The quality
of the paste, which
is e:n!:f,i;.~ d irk making
pasteboard,
ought to be attcndcx!
to.
‘f‘il, ilf)ur should be of
rye, and well boiled,
after rni~~i~?g it uniformly
with cold water.
Strong
book’~inclL1 t&v’s paste has the addition
of a fourth,
fifth. or sixth of tl~~ Kl:ight
of the flour, of powdered
alum*
‘I’he pzterlt ~“,cr~,tt’ is prepared
by extracting
starch from POtatoes, in the usu:~l ma.nner,
by means of cold water,
and
ml .ing
it with
mashed
potatoes,
after they have been boil!,d,
;~ntl boiling
the whole in water.
The Japanese
cement,
or rice-glut,
may lx ~rl.c-r~irl,i;f’“~‘ll’;It is fi>rrnecl !jTv mi3ii:lk, fil ? Q{jllI III 3
Iv ased in many cases.
tPimately
with cc>ltll water, and tht:ij I~jllAnp
it I (“01’ ;;c”tl>r.
It
trnnsl)arcnt.
We ar4:
is beautif\lll\whitl-, and clrics alnirlst
rcsl)t,ct, to the paste m3cic
told, thnt it IS yrcat; ral~lc, in cvtm
with flcur; and its strerlqth
i li salch, that paper, pastcf.1 t9y:eThor with it, will sooner scp;lr;\tcA in thrir o\vn substance
rhan
at ihc joining.
The Chinese,
to prtivent
accidents,
and in orticr tliat they
may fire their works
without
in,jury,
and particularly
their
cases whir*11 are charged
with brilliant
fire, have a process,
for preparing
a paste of a dilyerent
kind.
With
the exception of the clay, the same substances
have been employed
elsewhere
for the like purpose.
It consists
of one pound of
rye flour, boiled in watrr;
to which is added, a small hand,ful of common
salt, the whole being thiche?zed with finely
The pasteboard,
we are informed,
Fulverized
white clay.
which is made with this paste, is not only very solid, but not
so susceptible
of inflammation,
as that prepared
in the usc:a?
way.

A Chinese paste is announced
in the Bull~iz’z rie la S’O&~~
fI’~1zcoUra~e~~ze12t,
I 8 15, which
is very economical,
and used
with success,
It is made bv mixing
ten pouncls of b~~llock’~
blood, with one pound of q;‘icklime,
and occasionally
flour-.

Various
substances
are c~~~1oycc.t c:it!::.er in grain, lamina,
Mngs,
or impalpable
pow&r.
Whtf:8 tr*d:ruling of nitre, sulilhur, and charcoal,
and othl I’ bodies, WC rn;~ntion~d
the pro~5~~:s for reducing
them to ;jowder.
It will IX :,uff;cit-nt here
to remark,
that cannon
powder,
when it is converted
into
fine powder,
ta1:Cs the name of meal-powder;
the conversion
being
&vcted,
II). be:rti:>g
it in a leather
sack, already
described, by roiling
it cpn
the mealing-table,
or by the action
of a wooden pestle in a mortzr.
It is then passed through
a
fine sieve. The sack is said to he ,I prcfsral)lt~
mode, :IS nearly
the ~1~01~~ of it becomes pulverized.
Saltpetre,
sc~Pphur, charcoal, antimony,
&c. may be reduced
to powder
in a mc,t-tar
of cast-il.nri,
rnarl~le, or wood.
The best method
of pui~-erc .
n7tng; s.;iitpr-tre is given
under that article,
which consists in
hoiiit:q
i: ii] a copper, and stirring
it continually
at the end
of the j;r”:“.+~
Th”~ I>:-st mode of pulverizing,
or bringing
east-iron
to a ,ct;ttc (:i LJ:‘,‘:c,‘M, is mentioned
in the article on
SrJrne fit’ the m:t,ai~~, as irc!ri T ;:inc, the alloy of copper
Irctr.
and zinc, (brass?) 6~. :tx h~~~ugi~~ TC, :i s!\Bicient
fineness by
the file. The filings, if XI reqrlil-t tl, rnV41 !K ;tftc>r<\-ards sifted.
%inc, when in small pieces, rn:-tT be pulverized,
6~ means of
:i stc:-tl mortar
and pestle.
It ma> be granul;lr,*tl,
!I?, suffering
when melted,
through
au iron cullcnd~~r irrto writer,
it ti:, filli,
For the pulT?zrization
nf cat;lphor,
see that article.

Al: compositions
fcJr
fire-works,
are generally
made at firs:
:n mortars,
and the mixture
is then finished
by passing
it
.
thr-c,u;;h a sieve; it bcielg returned
to the sieve, and again
,;ft’,(Bd.
This operation
is sometimes
rcpcated
several times,
Ot’ ai’r compositions,
that for sky-rockets
requires
to be most
intimater>blended.
I o receive the sifted matter,
leather or parchment
is used.
but, it1 lieu of either, pasteboard,
or several sheets of paper,
cemented
or ~.l\lt-d together
will answer.
It is obvious,
tha!,
in preparing
mixtIlrea,
of two, three. or four articles,
thc~b

should not only be very fine, but uniformly and intimately
mixed.
Several receivers, made by stitching leather over a rim, in
the manner of a sieve, would be found very convenient; but
wooden bowls, and copper basins, are generally used.
Some ingredients
must be passed through a lawn sieve,
after having been previously incorporated.
A receiver, with
‘1 he composition
a top, is the kind of sieve to be preferred.
for wheels, and common works, need not be so finr as for
rockets. But in all fixed works, from which the fire is to play
regularly, the ingredients
must be very fine, and great care
taken in mixing them together; and in those works, into the
composition of which, iron and steel enter, the hands must
neither touch them, nor moisture be suffered to come in contact, In either case, they would be apt to rust.

--+a=-”

CHAPTER
OBSERVATPONS

I.

QM FIRE-WORKS,

in Europe, the invention of fire-works is of a recent dati?.
and ascribed to the Italians.
In China, however, fire-work::
have been known for centuries. Some recent exhibitions at Pciiin prove, that the Chinese have attained to a degree of perfection, not surpassed by the artists of France, Italy, or England. The observations of Mr. Barrow, (Travels
in China),
on this suhjtic: are worthy of notice.
“ The fire-works,
in
some particulars,”
sa!‘s he, “ exceeded any thing of the kind
I had ever seen. In grandttur., magnificence, and variety, they
were, I own, inferior to the Chinese $rc-works, we had seen
at Batavia, but infinitely superior in point of novelty, neatness,
and ingenuity of contrivance.
One piece: of. machinery I
greatlv admired; a chest five feet square, was hoisted up bqa pulley, to the height of fifty or sixty feet from the ground:
the bottom was so constructed as then, suddenly, to fall out.,
and make way for twenty or thirty strings of lanterns, enclosed in a box, to descend from it, unfolding themselves from
one another by degrees, so as, at last, to form a collection of
full 500, each having a light of a tleautifully coloured flame,
burning brightly within it. This devolution and development
of larrterns waq several times repeated, and, at every time,
ex’r~ibiccd a diRercnce of colour and figure.
On each side,
was a correspondence of smzller boxes, which opened in like
manner as the others, aud let down an immense net work of
fire, with divisions and compartments of various forms and
dimensions, round and square, hexagons, octagons, kc. whictl
shone like the brightest burnished copper, and flashed like
prismatic colaur~, with every impulse of the wind.
The di-

L-ersity of CoIours, wiLh which the Chtnt-*se have the secret (ai
clothing
fire:, seems one of the* chief merits of their p~rotech3)‘.
The whole concluded
with a ~‘uIca1.10, or general cxplosion and discharge
of suns, stars, scluib,,.
crackers,
rockets,
and granadocs,
which
insolved
the gan-c!cns for above AI;:
hour -in a cloud ~)f intolerable
smr~kl~.”
‘l’hcvenot
( ‘lTctvel.s in the Lcvmt)
~a!-%;, that during
thr
bait-am, or carnival,
which
takes place with
:i ;:w:lt deal of
c,crcmcjnJ’,
the sultan
causes fir-c-works
to be l<la)-~ tl off a11
night; the sultan and sultanas diverting
themselves
w;r.‘fr these
and other amusements.
Dr, Pc?cocke (Tir,ave/,~ tlz~orr~yh L:‘y,!e;ijtj ,
says, that at Cairo, ~vhtbn the Kile
is high,
besides
aquatic
excursions,
concerts of music, and other diversions,
fire-works
Ihrm a part I3:‘L tbr~se $~asu:.es and recreations.
In a Desuiprion rif‘ thr List J~rlit’~, fire-works
are stated to be often cshibited‘:lr.
the marriage
of the Banians
or Gentoos.
With
respect to the arrangement
and diiplalof sk:n&y
pieces of fire-works,
either alone or cornhilled,
the rfkct depends, as well upon the ingredients,
which
compose
the several sorts of fire, as on the tasty; displayed
in their exhibition.
It would
be altogether
unnecessary
to notice, at this
time, the order of exhib:tion
usually adopted,
reserving
this
subject
until wc have gone into the various
preparations,
which cmstituw
, AS it is called,
a syst0n of fire-works.
In
order, however,
to become familiar
with the manner
of arranging them, as well as with their composition
and preparation, whether designed
for a gcn~~rnl or a partial
display,
fol
the open air or for rooms, we pur:!o>f: 1.~1:i;)propr i:rr~: tlis!inr:
chapters for their consideration.
‘Th,- variety of ~repw~tidns,
1~hid IL,i’C Crnll’ nxcssary
where
a full eshihiGc\n
is intendc:d,
the ~c~‘cu~;tcy of the different
mixtures,
:md tlir’ :22ju5:1’rh~-4~1 42C ca4cs to wheels, whether
vertical or her ij:nnis”l , .xd the arrangement
of the lenders, or
communicators
ot* fir c, iknnt unt: part to another
of the work,
with many other circumstances,
in relation
to st;ii-s, rain, &c,,
311 require,
from the artist, particular
care and attention.
For the mere exhibit;on
of one or two pi;‘ccs,
as a plain
:.(;ckc:i : rocket with serpents,
or the like, and likewise
for
401ne e&-Abitions,
on water, called aquati,: fire-works,
in rooms
GT apartments,
with scented fire, car on th~ stage; the prepaL 3tiC:ilS :ltX l)y no means extensive.
It ;s, ::?~ref’ore, our desigra to pros, ‘nr a view of the whole
J:L!I~CC: in. detail. and to speak of the different
combination:

of arrangement, which are made according to fancy and taste,
and calculated,
as we have remarked, either for small or extensive exhibitions.
We hat-e:‘, in a preceding part of this work, made some observations on certain prelimiuary
operations; on the various
sizes and charges for cases; on the paper, necessary to be
used, for different kinds of cases; and, generally, on sundry
manipulations,
connected with the making, filling, and preparation
of sundry descriptions of fire-works.
It remains,
therefore, in the coursr of this subject, to give the several
formuI=:, with such observations as immediately concern the
subject; and for this purpose we will pursue the following
srdcr:
Frazier is of’ opinion, that the arrangement of fire-works,
which have been eshibitecl \;‘;th ~ifi:ct, may, on particular occasions, be established as a guide.
I’or this reason, Morel
introduce5 an account of the cel&rated
fire works at Versailles and Paris, in 1739, which we shall here notice.
sion

of‘ the peutcc ilz 1739.

The thcatre I-JY$ a I;uilding, forty feet square, with a pyra3nid of eighty ie-et in ileizht, CI~ which was placed a globe,
containing artificial fire, and accompanied with sixteen large
vases of different forms.
All the edifice was ornamented with a variety of decorations, combined with figures and emblems of peace, and
painted on marble.
After several guns were fired, as a signal, the exhibition
commenced, with the discharge of a large number of honorary 1-ocRets,fired three and three at a time. Nearly five hurldred lances, and saucissom
garnished, lighted the fo:u sides
of the bodv of the works,
‘Thirty cases of artificial fire,
furnished
with fzcsees, and double nzarqzLise.s, were placed
upon the large terrace, with ~*~~~pots ~2fez; (fire-pots);
and
upon the ballustrade of the same terrace, forty jet;, twenty of
which were aicyettes,
and eight, revolving
suns, four in the
Four large fixed suns were
middle, and four on the angles.
placed above the four which revolved, and four pattes d’aies,
(geese feet,)
were situated before the grand pedestal of the
pyramid, with jets, and pots with ai,yrette.
At the foot of the pyramid, on the st::ps, were placed 1200
fire-pots, and upon the pedestal of the p\ ramid, twelve large
pots of aigrettc,
on the extremity ol‘ .,;l!ich, were arranged
nigrettes
in groupes, and three large iuminous stars, formed
I, T*

of twa hundred
fire lancer;.
The four faces of the pyramid
MWY lined with about fifty other jets;
after which there were
cascadrs, or fountains
of fire.
‘l’hta first horizontal
wheel
was compostlcl
of, or furnished
with, six cases, and contained
also two hundred
and fort\- double nzc~~~9uist=s.
?‘he second
wheel cqntninrd
two hundred
and for& -fire-pofs,
and six
cases. with rIpwards
of three hibndred
&,t=e:;,
all in stars,
twelve :>ir ballcjons
in the middle,
but placed at the bottom
of the fire-xvork.
To this was added, twelve artificiiil
bombs,
fixed in mortars,
and placed near the cannon, which pointed
to the works.
This
outline
of the brillia:lt
exhibition
of fire-works
in
1739, will give tfl( reader some idta of the taste and magniScence of the work at that period.
We may here add, however, that the improvements,
which
have since taken place.,
both in the composition
of artificial
fire, and its arrnngrment,
are such as to place the modern
exhibitions
of this kind far
above that we have jlr;t
spcjkrn of.
13~~ the following
account of the esecution
of fir\J-fvc)rks, performed
on the Pant
Nelrf, in August
of the same yttar, is more extensive,
as the
exiiibition
~;;~c~\Ts to have iJeen more grand.
Thl: !Ijf ;Itrc, w!~~c,h represented
the temple of Hymen,
was
an cditir~ oi the boric order.
It was square.
A gallery
of
five hunclr~d
feet in length was supported
by thirty-two
coIum~s, four feet in diameter,
and thirty-three
feet in heiqht~
In the interior,
were two solid bodies, and also one or more
At the xwo sides of this temple,
along tht parastair cases.
pets of the P6rLt ~%~~ff, wtre thiriv-six
p! ramids,
eighteen
of
which were f(c,Tfy !‘t.et I,ig’h, and the others, twenty-six
feet.
‘They wel-e .;;:i;~c-ri b)- what is called, in architecture,
a co&l,
and carried vaas:’ i 013 their summits.
The signal for the exhl!~irion
teas given by the firing
of
Cannon.
Emnlcdiat~~ly,
wcrr seen, rising into the air from
each side of the temple,
three hundred
rockets, fired twelve at
a time. ‘l‘hey were discharged
from the eight tower% of the Font
Nelsc which face the ‘I’uilleries,
and were succeeded
(upon
the same towers,) by one hundred
and eighty pots of aigrette,
The
Chinese trees were disposed
in such a manner,
as to
form a pyramid.
A succession
of C’hilzese trees now api?cared,
immediately
on the tablet
of the cornice
of the
Irridge;
then followed
a great fix&
sun, sixty feet in diametcr, which appeared
in all its splendour,
in the midst of surrolll:<ling
0lIjects.
a large illumiUnder
this, was placed
mtr,f
(~~rj+hev, thirty
feet in heiqht,
which consisted
of diff‘erent cololirs,
in imitation
of jewels.
At the sides, between
the pillars
of th:: temple,
were also two other artificial
SV-

phers, six feet high, and composed
of bluejue,
which had a
surprising
effect.
There
were placed upon thl. two walks of
tht- bridge,
on the right and lrft of the tempfe,
beyond the
illuminated
pyramids,
two hundred
cases of Jitsi;es r/e j~rtme% of five or six dozrn
ttach.
‘!‘hese
cases were fired,
Thc~y blpi’,
on
five at a time, a:lt! succe detl the rockets.
each side, from the first nr:lr the temple,
and in succession,
There
apas far as the extremities
to the: right
a:~d left.
peared then cascades of re(IJire,
iss:Einq from the five arches
and
of the bridge,
which seemed to pierce &c: iUuri;ination.
so vivid was the light, that the eye could scarcely , sustain itThe combat
of the dragons
next ensued;
and the wattirljire,
or aquatic
fire-works,
covered
almost the whole
surface
of
the river.
Eight
hats,
containing
works for the displai
on
water, were arranged in SJ nlmctrical
order, with the b~rts of
illumination;
There
were also t]lir-tJf-s;ix
CUC’C:;,~~~Sor faune
ains of fire, about thirty
feet high, which apptd:ir~:il t0.1 rise
out of the water.
This exhibition
of the casc:idds, ~<AS preceded by a revolving
water-sun,
and a discharge
of S~CWS
fi*om one: hundred
and sixty pots of aigrettes,
which V.-CX~
pl::ced at the lower part of the terrace.
Four large boats, containing
aquatic fire-works,
were moor=
ed near the arches of the bridge,
and four others were disposed on the side nest to the ‘Tuillt-ries.
The fire-works,
which they contained,
consisted
of a great number
of large
and small casks, charged
with g-r&e.9 ant! pts, which, when
discharged,
filled the air with ser-penfs, S~STJ, &c. ‘I‘hr*rcx was,
I also, a large number
of hand gerbes, and revolvialg
water’suns.
FVhen the exhibition
of the cascades
was finished,
the
grand chandelier.
composed
of six thousand
fzcsees, awl resting on the top of the temple,
was lighted.
Both extremities
were set on fire at the same time.
‘I-his was followed
by two
smaller
chandeliers,
pr( viously
placed on each side of the
and contdirling
five hundred
fusees
foot-way
of the bridge,
each.
‘t’he fire-works,
exhibited
at Versailles,
in the same year,
and on the same occasion,
were also magnificent.
The account
we have of them is the following:
There
WAS a large building erected,
representing
the temple nf d-lvmcn,
nim- hundred
feet in length,
and one hundred
anal twc&>
in height,
in the
gardens of Versailles,
in front of the grand gallur) . It was
in the form of a portico,
with re-enterings
and salients at the
two extremities,
which faced the two great basins;
aud, in
the centre, were illuminated
works.

*

The forges of Vulcan,
in the grottos,
commenced
with the
sound of the hammers of the C1,claps. The sparks, then
produced, covered, in a few instants, the two basins, provided
for the purpose, with an apparent sheet or volume of fire.
From the summit of a rock, came out a jet of brilliant
fire, more than thirtl. feet in height, accompanied with four
others of less elrvation, representing torrents of fire as from
volcanoes. To this.succeeded
a great jet of water, forty-five
feet in height, leading with it, as it were,seventeen other jets,
which surrounded the rocks, and rushing forth with avidity,
produced, in appearance, a mixture
of flame and water,
which, in the end, consumed entirely the two grottos.
After this, the fire works, behind’the
decoration,
were exhibited.
Two hundred and fifty boxes, and as many caissons,
arranged on both sides of the turf, which descended to the
This, however, was less brilliant
grass, were first exhibited.
than the fire from the Cyclops.
To this succtded
a brilliant
fire, placed before the illumination.
This composition,
elevating itself to a mean height, plt:ased equally by its form,
‘l’his fire composed
three disas by its brilliant
whitrness,
tinct decorations, which succeeded as the one replaced the
other,
following
the same order.
The
spouting waters:,
lvhich decorated
the gardens, together with the artificial
tire,
appeared
decoration,

in

the form of cascades and fountains.
at the head of the two great basins,

‘1 he hrst

exhitjited
two handsome cascades, in Ahe form of a white shet:t, and
surmc,unted with an aigvette twentv-five
feet in beiqht,
This
was accompanied with twopnttes dd’ri-ics (g.eeseJt~t t) ot seven
2tso with tilt) jets playing
frctm
jets each, and accompanied
each of the sides, twcntp feet in height, and occupying the
fore ground.
‘I’he second appeared uuoer the form of the puttes d’oies,
of eleven jets c’zch, of which four, at the head of the basins,
were large, and all projected :I body of fire, fifty feet in
They were intermixed, however, with the pots of
height.
,2;~‘t*c’ifes, twenty feet in height, which threw a crown, compc sed of stars, &c. to the height of fifty feet, which produced in the atmosphere
a lively
and brrlliant
light.
The third
represented
thirteen
fountains
of fire,
fir c feet in height,
and thirty
feet in diameter,
with
retre in each.
In these, there were six circular,
spiral fountains.
The largest
was placed
between
basins, with four others on the right and left.
‘t-he ic)i:utains,
which represented
the combat
of
had in each
o*$
them two.
The animals threw, at

twentyan aigand six
the two
animals,

the same

time, jets ot’ water ‘{no hrL, and, between each of the fountains, iarge brilliaur jets or spouts. ‘I’his part of the cshibition was fin~skeci, by throwing
into the air the gurnishi~g
or furniture
of the pots, which produced crowns, &c. Of
great splendour.
T’o these three deccrations, succeeded the exhibition
of
tu.e!ve ltatiurz pots, placard six in a row, and in the middle
of two great basins, which produced repeated discharges.
l’hr whole was then closed by setting fire to two great
chandeliers, which were placed behind the grand decoration,
:rnd contained more than three thousand ~USE~S.
It appears from history, that when Henry 11, entered
Hheinrs, there was a representation of several figures in fire;
and in 1606, the duke of Sully made an exhibition of fireworks at Fontainbieau;
and in 1612, Morel, commissary of
artillery, prepared a splendid exhibition
of the same kind.
It appears, also, that the art of communicating
fire from one
piece of fire-work to another, as in the combined piece of
nine mutations, and the pyric-piece
(which will be noticed
her~:ti‘~er) was discovered by Huggeri,artificer
to the king, at
Boulogne, in France, in 1743.
It may not be improper, in concluding this article, to notice,
in a general manner, the exhibition of the works of fire by
the ancients.
The fire-works of the ancients consisted, for the principal
part, of illuminations,
and the use cji’ some particular
descriptions of fire. They were, howcvcr,
very imperfect,
Since the invention of gunpowder, its rffects as well as its
modifications, in this particular, became known; and, so far
as respects the various preparations
of artificial fire, gun*
powder itself has produced a new era in pyrotechny, and
the various modifications, to which it is sulljtct, have occasioned a greai variety oi’ fire-works.
According to the authorlt!
we have on the subject, it appi ars, that the ancients, in exhibiting
their preparations of
fir(*, set them off by the hand, and directed them among the
pt opl~, which produced great eclat.
Another
description of fire-work was designed expressly
for the theatre, part of which was exhibited in the form of
man or beast. Of their theatrical works, our accounts are imperfect,
Their works, ge:-erally, were formed of Zurdons,
.sturs, andJi?-e-l&s,
in imitation of grenccdes, and j’ying fusees or rwt4ctA. l’im they neither had a system in arranging,
nor rcgularitv
in exhibiting their works, is evident from a ~ariety of circumstances;
for, although the number of thei1

pieces, such as they were, was great; yet, they so crowded
them upon each other, as that, when they were fired, they frequently destroyed the persons in their vicinity.
An author of
antiquity observes, that Cche has seen a great many artificial
machines, but, to speak the truth, few which have succeeded;
and it is commonly after acclamations of joy, that the spectacle is finished by the destructlon of some, and the wounding
of a great number.”
This fact is not at all surprising; because their works were
prepared in wooden tubes, at least among the more modern,
as paper cases were not then known. These tubes, moreover,
were not secured by any covering, and were the more likely
to burst, and hence accidents were common.
The moderns,
however, have rejected altogether the use of wood, in the
formation of cases, and have availed themselves of the ust’
of paper, which cati be made of anyI size or thickness.
(See
Pasteboard.)

Notwithstanding
wood is not employ4
by experienced
fire-workers,
partly in consequence of the reasons just given,
and partly because paper furnishes a material in every way
adapted to the purpose; yet, within a few years past, reed
has been used in Spain, which, however, is secured by cloth
and pack thread, Such substitutes, nevertheless, besides being u~ore or less dangerous, have nothing to recommend
them. It is a fact, that the Chinese, who undoubtedly excel
in the manufacture
of fire-works, if we believe the alithority of the English
embassy,
use altoSether
paper cases; :~ut.
in the war-rocket,
employed by the nativt.s against tjje Gritwhich
did, according
t:, the English
tish at Seringupatunt,
account, great execution,
thctir c;ws were formed
entirely
0-L”
sheet-iron.

In their

smaller

works,

which

prcssly f‘or sal 2, paper cases are altogether
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The doll&Ye, according to the term used in French, signifies a species of fire, which exhibits itself in pufi,
or in alkrnate appearances, mQre cc less brilliant,
It is ah cdd
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SEC. II.3

the Aambeaux of the furies. This description of artificial fire
is used in theatres, and frequently in ordinary fire-works.
It
is fired from, and exhibited
with, a funnel of tin, or sheet
iron, having a hole at the apex of the cone. The hole is to be
sufficiently large to admit the fire from a quick match. It is
particularly calculated, when a gulf, crater, or the caves of
the C~*clops, intended to eject flame, are to be exhibited.
Although
many compositions may be used for this purpose, yet the following, which is emploved
in France, is con.
sidered preferable:
Imposition
Saltpetre
Meal-powder
Charcoal

for Bouflies.

-

-

-

-

-

16 oz.
4 oz.

-

-

8 OZ.

When the materials are well mixed, a piece of silk paper
8s prepared in a round shape, by pressing it on the end of a
rollerl in the same manner as the ordinary cases. About one
ounce of the composition is put ints it, on which is placed
Vera. lip,h~ly two drachms of meal-powder.
A double quickmatch is now put <Ill tl IL= meal-powder,
and the paper is closed by pressing it Ixt:veen rtae fingers.
It is then tied with
twine.
‘Ibe quick-match
is left suficiently
long to pass
through the hole at the apex of the cone, in which is introduced the pz#‘, being pressed a little at the. bottom.
The excess of the quick-match, should there be any, is cut off within an inch of the extremity of the funnel.
1Vhen used, it is
inflamed by a lance or port fire. The effect of the puff, in the
first place, is to throw out of the funnel, by the meal-powder,
a volume of fire, which will cause the appearances before
mentioned.
Sec. 11 Cf Emptions.
If the appearance of a volcam,
or the effect of a mine is
required in a piece, the fallowing
method
is commr,n!y
followed: a tin, sheet-iron, or brass box Is provided, either round
or square, of nine inches in height, and three inches and a
half In diameter , and placed on a wooden stand, suificiently
large to prevent it from overturning.
‘l’hree, four, or five ounces of the composition, mentioned
in ~!‘rc. i. of tllis chapter, is put into it, according to the effect intended to be produced,
The composition is pressed a
Iittle with the hanif, ;~rr! a IpicBccni qtlick4match is used. This

.

match projects out of the case, and is secured with a piece
of pnper, pasted over its circumference.
When the fire is presented to the quick-match, it communicates with rapiditv to the inside of the box, or case, which
produces
an eruption, from twelve to fifteen feet in height.
The effect may be made more or less great, by making the
boxes of a proportional
size, or by using several of them at
the same time,
If a mine is the subject of representation,
it is necessar>
communicate
to employ some large ~Z(ZI*I.OP?S,
which StiC,:lltl
with the boxes, and iu such n manner, as that they may operate at the same time.
This exhibition, it is obvious. may be varied adcording to
circumstances, either by employing a larger quantitv ctf the
composition in several cases, or by using oue or more ;narrons, or some other descriptions of fir; w:(~rks, t!le ! 6; :t of
which is calculated to increase the flame, and to produce thtl
necessary variations.
Ser. 111 Of the Il’lames.
If a flame is to be represented,
as for example, the eifect,
and its appearance is to be prolonged. the
fire from tow being too transient, small iron kettles, of fou:
inches in diameter, and depth, may be used. In these arz
put three or four ounces of the composition of the !c:~ccs %;
service, which is moistened with the oii or spirit cut’ !u~‘pc;~
tine.
When
set on fire, they will produce a 5lnze three or
Sevc:ral
four feet in height, and one and 3 half in diameter.
znay be used, according to the elect required.
See the composition for the lances of semict~.
asf an incendiary,

sec. IV.

Of t/h? E’iw;*a;H.

A variety of compositions for fire-rain are used, which
tvill be noticed, when we speak of the gamishtng
of rockets,
and other fire-works.
Cases are prepared of seven-twelfths
of an inch in diame:tr, and ten inches long, which are choaked in such a manner, as that the hole of communication
should be one-third
of the diameter of the interior case. They are then charge3
:rjth the following composition:
Composition

Saltpctre
Sulphur

-

-

of 2/lcfire-rain.

-

-

-

8 ounce5
4 do

Meal

powdei

Charcoal
PitcoJ

uf oak
-

-

-

.-

-

-

-

-

16 OUslClS~

-

2?, do.
‘)&tz1 do.

to dry;. Stinle preliminary
operations
are required
in their
exhit;ition
, as the use of the piercer,
the tying of one end of
the case, which is to descend first from the top of the theatre,
8c.
A port-fire
is used for setting them off,
CGiilj!OL-ittOn

Meal

po~vder,

Saltpetre,

Sdph-,

-

Tllunderboits.

-

-

6 ounces.
6 -

-

- 3-

-

:1r;t’imbny,
sec.

Of

-

VII

Of I>

rngons

and

Other

4 clrachms.*

Mousfers.

They
In certain pieces, exhibitions
of this kind are made.
are formcci in sL1ch 3 way, as to make them throw
fire from
the mouth,
nose., and ears, which is blown out into the air,
Cases, charged
with brilliant
fire, are so arranged
tha: thei?
fire may act all at the same time.
P&S
~:a:’ ;r;so 1)~ ;)roduced to go out at the mouth,
by means r:f a tilix. or funnel,
These
preparations
and exhiplaced behind
the monster.
bitions
are so susceptible
of variations,
that, having
a previous knowledge
of the composition
and effect of the fire-work?
it may be so arranged
as to produce
a variety
of appearances,
‘* Thp imitation of thunder, rain, hail, SEC. for theatrical pm-poses, is
xarious1.v pcrformcd.
Mr. Nicholson,
in describing an exhibition he saw
that thunder was imitated
in L~ond~~u, (See r’hantasmagoria,)
remarks,
rery accurately,
by means of sheet iron plates.
The noise of rah
xxi
hail may be imitated by procuring
a thin hollow cylinder of’ wool!, SEOUL
ten inches wide, and two or three feet long; dividing irj insidc into live
equal parts, by boards, placed obliquely, of five or six inches, obacrr-ing
to let there be between them and the wooden circle. a space of ahout
one-sixth of an inch, and then introducing
about four or five pounds oi
The shot will pass through the vacishot, and turning it upside down.
ous partilions, and resct:li)le the fall of rain.
If large shot be used, the
noise will be increased, ;lnd resemble hail.
According
to the liirl;onnnire
de l’lndustrie,
(article
Tonnevre
wti$cieE),
thunder IS imitated, by making a hexangular
case of sheet
iron, aud putting stones or small balls into it, and rolling it more or less
swiftly.
Anottler mode is to roll cannon balls on a floor, on which is
11 claF
loosely nailed, at certain distances apart, strips of wood or lath.
of thunder is imitated by letting fall on each other, very suddenly,
a
number of sheet iron plates, havin g than previously suspended, or struo9
I II 1783, ICI. iUichae1, (Joun.aZ CEr?
on a cord, which must be vertical.
Pnric) made a machine, which nnitatcd tiiunder, so completelg, as ciiher
to pro4uce the most violent clap, or the r;iost distant rumbling,
with inIcrmcc*iate variations.
Parchmer7t, stretched over a framr, hr7\ libc43.3.
The distanl thunder may be reprcsent47ecn aced for the same purpose.
rJ in tltix manner; hut, to produce a sh;lrp n&c, or clap, sumethiug mole
;. rr;lirjred

The effect of lightning
may be showh by several preparations.
Lycopodium,
or puff-ball,
is the substance
most commonly
employed.
When
it cannot be procured,
rosin may
be substituted;
and, generally,,
as the latter
is cheaper,
it is
used.
Rosin,
reduced
to an* impalpabie
powder, and thrown
blpcJn
a flame, will produce
the effect in a remarkable
degree,
and when blown through
a tube, the effect is more striking.
Several
fluid substances,
when ejected
from a syringe
on
have the same appearance.
Alcohol
has
a lighted
candle,
this effect.
?‘hn difficulty
of preparing
alsd emplo)~in&
Kilcm,
has given the 1~ coi;odium
a preference.
A tin or brass ttif?t-, l:irgr:r ;I t ant: end than the other, and
covered at the fornlt:r
Ldllcl, ~vitll
a cover,
perforated
with
holes, similar
to the branch
of a i,:rtc I.;:;g pot, is llsed for
holding
the composition,
or subs~:tilc~ rn,lJt u:,e of. ‘I’hr~ugh
this cover, or lid, a cotton wick is ilLit, u hich, bc-f jrc: lightor spirits
ot‘ wir,e.
‘ii7len
ing. is well soaked in alcohol
lighted,
the torch or tube, containing
the 1: r:rlpodilill:,
(jr I'O.
5117, is shaken at ti:e smaller estreinity;
when these sul)stalrcez
will pass through
the )acJkS
ii1 smail
quantities,
and he suCcessively
inflanlctl.
Sec. IX.

cli//‘tilc

Arlzpice

of l~fsfrucfian.

When,
in any exhil~ition,
~~alwzc.s, c;z.,ti;:s;, or forts are to
be demolished,
or thrown
down,
:hl:rc: :II L’ :ibout
t\vc*nt!*
petards fixed on rods.
Petards,
for this u$:‘, ::f’e macic- wI tir
cases, and sometimes
with wheels.
The cases 2.:~ c;:~!ik~rall;three-quarters
of an inch in diameter,
charged
;vith ,:?zi~:
powder,
and choaked
at both ends. They are arrangcci
ii; :t
zigzag
direction.
This series of c~clckers has a fine effect.
lt is obvious,
that, in all these exhibitions,
intelligent
artiztns
may employ
various descriptions
of artificial
fire, where, in particular,
it
often seems, that there is something
yet to be wished for.
Sec. X.

Of the &$wIfire.

The spur-fire
is so called,
bccausc its fire or sparks rosemble the rowel of a spur.
It is used in theatres
and in rooms,
It is the most beautiful
of any yet known, and was invented
by the Chinese,
but greatly improved
in Europe.
It requires
great care to make it properly.
Care ought to

be taken that all the ingredients are of the best quality, that
the lampblack is n@her damp nor cladded, that the saltpetre is the &st :&fied,
and the sulphur perfectly pure.
This composition is generally rammed into one or two ounce
cases, about five or six inches long, but not driven very hard;
and the cases must have their concave stroke struck very
smooth, and the &oak or vent not quite so large as the
usual proportion: thi s charge, when driven, and kept a few
months, will be much better than when rammed.
If kept
dry, it will last many years.
As the beauty of this composition
cannot be seen at so
great a distance as brilliant fire, it has a better effect in a
theacre or room, than in the open air; and may be fired in a
chamber, without danger. Its effect is of so innocent a nature,
that it has been called coZd fire; and so extraordinary
is the
fire produced from this composition, that if well made, the
sparks will not burn a handkerchief when held in the midst
of them.
The hand, brought in contact with the spark, will
feel only a sensation similar to that occasioned by the falling
of rain.
W’hen any’ of these spurs are fired singly, they are
called artzjiciaZjj-e-pots;
Out some of them, placed round a
transparent pyramid of paper, and fired in a large room,
make a very elegant appearance.

- 4 l-2 lbs.
Saltpetre,
Sulphur,*
- 2 lbs.
Lampblack,
- 1 l-2 lbs. or,
2. Saltpetre,
- I lb.
Sulphur,
- I-2 lb.
- 4 quarts.
Lampblack,
The saltpetre and sulphur must be first mixed together,
and sifted, and then put into a marble Inortar, and the lampblack with them, which are to be worked by degrees, with
a wooden pestle, till all the ingredients appear of one. &our,
which will be a gray, approaching to black. It is then to be
tried by driving ;t little of it into a case, and fired in a dark
place; and if the sparks, which are called &tars, or pin&s,
come out in clusters, and afterwards
spread well, without
of its goodness.
If
any other sparks, it is a criterion
any drossy sparks appear, and the stars are not full, it is
thrn not mixed sufficiently; but, if the pinks are very small,
and soon break, it is a proofthat it has been rubbed too much;
When, on the confor, in this case: few stars will appear,

f.
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trar?, the mixture is not rubbed sufficiently, the combustion
will be too weak, and lumps, resembling dross, with an obscure smoke, but without stars, will be emitted.
is owing to the
The yeculiai- rffect of this composition
carbon of the jrtmpblack, one part of which is inflamed,
its
cornl,ustion beikig supported
by the oxygen gas of the atmosJ-h-e.

Sec. XI.

fiy the colowed

FIame

of Alcohol.

We have already remarked, in treating of alcohol, that
its flame may be changed of various colours, by using term
‘ain native substances.
See Alcohol.
Alcohol, thus mixed, or combined with substances, may
be exhibited
on certain
occasions;
for even cotton, when immersed in it, and set on fire, will show the same appearances.
Morel remarks, that, if vinegar, a small portion of crude tartar, and common salt, and a still smaller quantity of saltpetre, be mixed together, and distilled, a liquid will be obtained, which b..rns with great brilliancy.
It is doubtful, however, if we judge from analogy, whether either tartar, the
salt, or saltpetre, will communicate any peculiar property to
the distilltAd vinegar; for these saline substances will remain
unaltered in the distilling vessel. The vinegar, nevertheless,
may be obtained in a more concentrated state, being deprived
of its colouring and other matter, and the greater part of its
water, and, therefore, approach to the state of acetic acid.
With respect to alcohol, it is known to dissolve a variety
of saline substances, most of which have the property of
changing the colour of its flame.
Although
we have not
made any experiments with the spirits of turpentine, y,et we
are of opinion, that it may be used with resins, &c. m the
same manner.
In all cases, it is evident, that the fluid made
use of must be inflammable.
Macper
(Memoirs
of the 2ul-in
Academy)
made a number of experiments on the solubility of salts in alcohol, and
on the different coloured flames, which they produced. The
principal results of his experiments, are the following:
Peculiar phenomena
Quantity in grains.
SaltssolubleIn 200
grains of spirit.

4

Nitrate

5

Muriatc

of potassa,
of potassa,

of the flame.

Flame, larger, higher,
more ardent, yellow,
and luminous.
Large, ardent, yellow,
and luminous,
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Quantity in grains.
0
15
0
0

108
24

2238
288
84
204

Eirc-TIzjLcts.

Salts soluble in 200
grains of spinls.

[PT.
Pecuiiar
of

111. (f.4fF 11,‘

phcnornetm
the ilame.

Considerahlv
red.
Ycilow, luminous,
detonating.
-t
Larger, more ardent,
iMuriate of soda,
and reddish.
t
NCW-2
Sulphate of ammonia,
i
Whiter, more iurni r
Nitrate of ammonous.
nia,
i
None.
Muriate of ammonia,
i
Larger, mpcre llrillr ”
nous, 1t:41a
dccreNitrate of litne,
. Xld
.
i!ii.llil\{;
I
Muriate of lime,
X,iL ii~lit oi‘ uitrate of
lime.
i
Nitrate
of sils-CT,
None
Illlui:ctt* r?f mcl‘cLlLarge, yellow, luminous, and decrepitaV?
ting,
1
Red and decrepitating.
Nitrate of iron,
More white, luminous,
LMuriate of * iron,
and sp~kfing,
i
Sulphate of soda,
Nitrate of soda,

(Ahlorc

white.

ItlrY~itiCtilSa

SiXiOklZ.
of copper, \ and green, l?UCh
-< ?‘hc saline residuum
[became black and burnt
.Xuriate of copper,
Fine green, white
Lc8
and red fulgurations,
The alcohol, he employed, had a specific gravity of 0.840,

4<8

Nitrate

Set XII.

Of Red fire.

Dr. Ure (Chemical
Dictionary)
informs us, that the beautiful red, which is now frequently used at tire theatres, is
composed of the following ingredients:
40 parts of dry nitrate of strontin; 13 parts of finely powdered sulphur; 5 parts
%>f chlorate (hyl’“roxymuriate)
of potassa, and 4 parts of
sulphuVct of antimony. The chlorate of potassa and sulphuret c,f antimony, should be powdered, separately, in a mortar, and then mixed together on paper; after which they may
3e addeel to the other ingredients, previously powdered and

’
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Wbrks.

mixed. No other kind of mixture than rubbing together on
paper is rczquired. Sometimes a little realgar is added to the
SUl~hURt
Of
Zlilti~~lOl~y,
and frequently, when the fire burns
dim and baclly, a very small quantity of very finely powdered charcoal or lampblack will make it perfect.

OF

PORTABLE

See. I.

Of

FIRE-WORKS.

exhibitions

on Tables.

in a variety
Fire-works,
it is ohvintis., ma; !je em$oved
of ways, either large or stn:lil,
iu
th
opt
n’air, or in apartments, according to circnrnstanr.c_s.
k‘i,‘c--tt;:ilps
are
COFIIposed of a great many works, tl;.: s.a131t’ 3.s i i c.\ hibited u?Qn
scai~; but of a size corrcspondin;;
with small rxhi:I Inrge
bitions.
As+firr-tables are us& oniv in a!)artmtints, arid the
works arc shown from tables, on which they are arranged, it
is !If :t C~S:I~Fthat the cases which contain them should be of‘
21sm:ril ‘ &e,- . air:1 tl-itAir fire less extensive.
‘l‘l;c c;ikc’; fII‘ L.iI ;r ;.i;y L; arc made of one-eighth of an inch
in cfi,runetci*, aiirl c!:;ir ~-;L,: y:.11iI the best pistol powder, which
yroduccs less Srllokr’ t.,:,>,riL:~~~;IOIIpowder.
l’hese small works
are usually exhihieccl on p~tcborcl,
di Kcrr:ntly arranged.
Among the works are i’requ~ntl~ fig~rt.s, rc,sembling fruit
Pzrlks, which
contained in gerbes and even small cr.prires.
are also used, are generally modified, or accompanied with
other decorations,
atlc\ fgrnished
with illuminated
~UIIS.,
Fire-jiots of one inch in diameter, filled with small bombs :uld
varioils deviccks, are employed, when a surprise is intended,
The firr-table
is arranged, although upoa a small scale, in
the same n-tanner as other works.
Their
arrangement,
therefore, is the same as for other kindi; of &-c-works, only
proportioning
them accordingly.
&&tiiicrntJ%-e,
16
O%i&%eal powder,
2 1-2 do
Pine filings cf steel.
J&Stf?Cl;it=.
r
n
16
0%
Meal powder,
79
l-2
Saltpetrc,
w
Sulphur,
l-2
Fine

steel

filings,

-

2

l-2

-

Meal pow&z,
j
Gold powder,
=
-*
white.
_
Meal powder,
Saltpetre,
.
Sulphur,
Aays.
.
Meal powder,
Needle filings, {or filings of the best steel,)
Silver

16 oz
216 o-z,
6-10 -

min.

16 orMeal powder,
7 -f! Saltpetre,
w
Sulphur,
P-2nYNeedle filings, (or filings of the best steel,]
Chinese silver rain.
18 oz.
Meal powder,
=
Sulphur,
2.
m
Saltpetre,
lI
59
Powder of cast iron, of the best,
As to aquaticfire-worh,
some of which are frequently
shown in rooms, the reader will find in the article on that
subject, a full account of the manner of forming them. He
may also consult a treatise ‘WI ‘Artificialcfire-wovks
by Perrint
D’Brval, published in 1~45. This work gives ample instructions for performing
all kinds of fire-work on water.
In the article alluded to will be found several formulae for
preparing
odoriferous
fire, which may be used for exhibitions on the table. The succeediq
chapter, however, is sufficiently comprehensive on that subject.

Sec. IL

Of Table

Rockets.

Table rockets are not calculated for exhibition.
They are
designed merely to show the truth of driving, and the judgment of a fire-worker. They have no other effect, when fired,
than spinning round in the same place where they began, till
they are burnt out, and showing a horizontal
circle of fire.
The method of making these rockets, is the following:
Have
a cone, turned out of solid wood, 2 1-2 inches in diameter,
and of the same height, and, round its base, draw a line.
On this line, fix four spokes, two inches long each, so as to
stand one opposite the other; then fill four nine-inch one
pound cases with any strong composition, within two inches
of the to?. These cases are made like tourbillons,
and mus:

Betonating

Works.
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le rammed
with
the greatest
exactness.
The rockets being
filled,
fix their
open ends on the short spokes;
then, in the
side of each case, bore a hole near the clay. All these holes
or dents :u~st 5~ so made, that the fire of each case may act
the same way. , and from these vents carry leaders to the top
of the cone, and tie them together.
When the rockets are to
be fixed, set them on a smooth table, and light the leaders in
the middle,
and all the cases will fire together,
and spin on
the point of the cone.
‘These rockets may be made to rise,
like tourbillons,
by making
the cases shorter,
and boring
four
Ilo!,,% in the under side of each, at equal distances.
This being :lw:c, they are called double
tourbillons.
All tI1e vt-nts in the under
sides of the cases, must be
lighted
at or:~ CA; anti the sharp point of the cone cut OR, at
Which place, it is to be made spherical.

The
table star is usually
twelve fe?t in tli;rmcter,
and,
!?om
the nearest extremity
to the frame,
four feet.
‘i’his
DrcJpi)
ticin,
obst.rv4
on each side, will make
the centre
fran1e four Let sql’;“‘:.
In this square, a transparent
star is
;<x:etl.
‘l’hi~
sjt:zr I‘CI~LV by painted
blue, and its rays made
like
the iS,trnin~
“I‘ll’s.
‘b’ht+ wheels
for this star may be
composed
of dif&rcllt
coh~i~rc’ d firq
with a charge or two of
The wheels,
on the cxtrertritiea,
may be clothed
slow fire.
consists of
with any number
of cases; so that the star-wheel
the same.
‘The illuminated
fires, which m .rst 1,~: ph~ced very
near each other on the frames, in order to havtl ;r prr);)er cFfeet, out;ht to burn as long as the wheels, and be lighted
a:
the same time*

We have noticed
v:krious
fulminating
preparations
in difsuch as the ordinary
fulminatin,?;
Cerent parts of our work,
powder,
Higgins’s
fulminating
powder,
fulmin:\ring
oil, ancf.
several metallic
powders.
\Ve have also given sorue prc:parations made with fulminating
silver,
the making
of which we
have noticed.
Besides
the torpedo,
&c. prepared
with fulminating
silver3
there are some other preparations
~21arle with the same snbstance, which we purpose
to give in this place.
Wuterto~
crnt>kers.
‘Take a slip of cartridge
paper, about
three-quarters
of an inch in width, paste and double
it. Let
N R

it remain till dry, and cut it into two equal parts
(No. 1 and 2), according to the following pattern.

1 ‘* 1 Glass, 1
No. 2.
1
-lll_l__-l___----Take some of the glass composition, and lay it across the
paper as in the pattern, and put about a quarter of a grain
of fulminating
silver in the place marked S.; and, while the
glass composition
is moist, put the paper, marked No. 2,
over the farthest row of glass. Qver all, paste, twice over
the part that covers the silver, a piece of paper; let it dry.
By pulling both ends apart, the friction by the glass, will
cause the fulminating
silver to explode.
Detonating- Girdle. Procure a piece of girth, from 12 to
18 inches in length.
Double it, and fold it down about 14
inches, similar to, the fold of a letter, and then turn back one
end of the gi&;and
it-will form two compartments.
Then
dissolve some gum arabic in water, and thicken it by adding
coarsely powdered glass. Place two upright rows of the
in the inside of one of the folds, about
glass composition,
a quarter of an inch in width, and, when they are dry, sow
the first fold together on the edge, and then the second at the
opposite end; so that one end- may be open. Then in the
cenire of the two rows, put &out a grain
minating silMake a hole
ver, and paste a piece of +&on or silk ov
at each end of the girdlt, and hang it to a hook in the door
post, and the other hook on’ the door; observing to place the
silk part, so that it may come: against the edge of the door
upon being opened, which fill ncc~sion a report.
Detonating
Tape. This is madt- of binding, about iths of
an inch in width.
I’he same directions are to be attended
to, as those we have just given for making the girdle.
It
may be exploded by taking‘hold
of each end, and rolling the
ends from each other sharply, or by two persons pulling at
opposite ends.
Detomtiug
Bnlls. These are made in several ways, either
by enclosing a shot in paper with fulminating
silver, which
is exploded by throwing
it on the ground, or made of small
glass globes. For the latter, procure some small glass globes,
between the size of a pea and a small marble, in which there
must be a small hole; put into it half a grain of fulminating
silver, and paste a piece of paper over the hole. When this
ball is ~\ut on the ground, and t\;od. u\ron, it will go off with
a loud noise. If put under the leg of a chair, and pressed b,
r-he weight of the body, the same effect will take place,
I-

No.

I.

Glass.

length,

ax* IV.3
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Betonnting
Cards. Take a piece of card, about three
fourths of an inch in breadth and 12 in length; slit it at one
end, ant1 place in the opening a quarter of a’ grain of fulminating silver, close the end down with a little paste, and when
dry light the end in a candle.,
Fulminating
silver may be used in several other ways,
affording a variety in the effect, as the following:
Fold a letter in the usual manner, and along with the wafer introduce
the fulminating
silver mixed with some glass: when the
wafer is broken, in the act of opening the letter, a violent
explosion will take place.
By placing a quarter of a grain of the powder in the midst
of some tobacco in a pipe, or between the leaves of a segar,
and closing the end again to prevent the powder from falling out; it need hardly IIC sc;~;ed, that on lighting it, an explosion ensues. Such experiments
sho~lcl be made with
caution.
One-third of a grain of fulminating
silver, folded in a small
piece of paper, and wrapped in another piece, then pasted
round a pin, which is to be stuck in the wick of a candle,
will make a loud report.
-4s fulminuting
silver explodes by heat, or friction, it is
obvious, that v;:rio~ coutt’ivances may be used for this purIf, for inst:ince,
pose.
half a grain be put on a piece of
girss pper,
(‘paper covered with a mixture of powdered
glass and gum), then inclosed in a piece of tin foil, and put
in the bottom or side of a drawer; on oper,ing or shutting
it, the powc\er will immedizteky explode.
‘1%~ same effect
takes place by putting a quarter of a grain into a pi~cc of
paper, and placing it in the snuRers. When the candle is
snuffed, it will go off.
Two figures. one of which blows out and the other relights a c&dle,’ are somerimes exhibited in rooms.
This is
performed by making two figures of any shape or material,
and inserting in the mouth of one, a small tube, at the end
of which is a piece of phosphorus, and in the mouth of the
other, a tube containing at the end a few grains of gunpowder; observing that each be retained in the tube by a piece
of paper.
If the second figure be applied to the flame of a
taper, it will extinguish it, by reason of the gunpowder,
and
:he first will light it again.
Candle bcnrbs. These are usuallv called candle crackers,
and are made of glass. They are’blown in small bubbles,
having a neck about half an inch long, with very slentler
bores, by means of which a small quantity of water or spirit
of wine is introduced.
The orifice is then closed. ‘t\‘hen

they are stuck

the water or
into a candlt-, the heat converts
alcohol
into Tapour,
which b~eakes the giass with a loud reg
port, extinguishing
the flame at thy samcr time.
‘l’he electric
fluid, it is known,
Lktcnations
By Electricity.
will inflame combustible
i~odies, and, fur the purpose of exThat
of
perinlent,
several
cr,ntri\ranccs
have k)t VI) used.

placing the sub:>,tancc, gunl:owder

for instanw,

on a small in-

su1acc.d stand, and passing
the spark throtlgh
it bv means of
concluctors,
will cause its inflammation.
‘The ul~tricnl
house
is ;liso an exemplification
of the effect of the electric
fl~lld.
Deto)&ons
by Gahnrzism.
Substances,
placed on a glass
plate, anrt brcjught
in contact with the positive
and negiztive
poles of a gal&Cc
batter),
are readily
inflanled.
Hence
phosphorus,
gunpowder,
the metals,
&c. may be inflamed
The deflagrator
of professor
Hare ol‘ the
in this manner.
is a powerful
a!,paratus
#-or the
Univc:rsity
of Pennsylvania,
purpose;
for the construction
of which, ;md the tlcrails of its
effects,
see the American
Journal
of Science
by professor
Silliman,
of Yale College.
Among
the means of produ-ing
!reat that of compression
is well knov~n. ‘The C(!iTl!?kiJ1!
con~iensing
s! ringe, for inflamiug
spunk or touch p:iper, is on this principle.
This syringe
is now made
very portable,
not more than
six inches in length and about three-eighths
of an inch in diamctc’r.
The end of the pistoli, which fits tight in the cylinder,
has n small cavity,
in which the spunk is put, so that,
when the piston is suddenly
compressed,
the air is conclt~~.-( ~1,
and a temperature
produced,
sufficient
trj intl:iril~
it,
‘rhp
air, in the cylinder,
is condensed
in th;: r;l:irj of abou: (,:ic to
forty.
The calculations
on the clc:g~~cc of compression,
which
atmospheric
air must undc>rgo to protltlct:
fire by this kind of
percussion,
with obser\2tic:ns
on the :;nbjrct,
rn!Lx be seer, in
M. Biot,
(7knite
~113I’hyciqz!,:
E+~fi~0-i,nelit&,
&FL. tome ii,
p. 17), with other remark;
concerning
the sources 01‘ caloric.
‘Fo account for certain pilenoniena
in the atmosphere,
some
of which are accor;tpanicd
lr;ith rlctonations,
iMr. Nicholson
<C/1( n~icml UUic*tz’oi2nl.j/, article
Air, atmospherical),
conceives
that the lower :ltmosphcrc
consists chiefly of oxJ,gen and niiro~en,
toqt-ther
with moisture,
and the occasional
vapours
:)r esli:ll3lions
of tdies.
The upper atmosphere
seems to
1.
3~( LGltlI)~isi’~l of a lnrgcb pr(%portion
of hj-drogcn,
a fluid of so
mucll ICG specific gra\‘lt\*
than ally ot’ner, that it must nnturally as!:~ncl to the highczst place; rvhere, being
occasionally
set on fi:*e b\- electricity,
it appears to be the cause tif the
aurnra
borcaiis
and 6re-balls.
It may easily
be undcrstood)
that this will only happen on the confines of the ree
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atmospherical
air, and of the inwill extend progressively,
in flashings
from the place where it comthough
rapidlrr,
mences; and that, when, by any means,
a stre:+m of inflam-mable air, ir; its progress
towards
the upper atmosphere,
is
set on firt: at one end, its i(lnition
may be much more rapid
thaIi v;hat happens
higher up, whisre oxygw is wanting;
rind
-it lht same time
mow dchnite in its figure and progression,
so as to form the 3ppc:ilXnCf2
of
a fire
ball.
Detonations
frt qilently
~companqcombuslion.
There
arc man)
interesting
experiments
on this sllb&iect, some of
whlcS XV, will notice in this place, viz.
L;,x/‘lL“” I, t.:it. 1. IIf a small portion
of fulminating
powder be
;: iii j..c];~:l. :’ t over a hot fire, it will become brown,
Pl acfzc5
See Fuiminnthen mcl;, a;14 ,4:k t II i!j?, ;:nd finally explode.

spective

masses

of common

flam~~~able air; that the combustion

ting powder.
Experiment

2. Iron filings
and sulphur,
made into a paste
with water, and buried
in the ground
for a 17:s; hours, will
unite,
decompose
the water,
and inflame;
throwing
up the
cnrth with violence
and noise. See Artijcirtl
Vol~sna.
E”ip-illz
Cl1 t 3.
If nitrate of copper be spread on tin foil
and 1%ettc I! , anti the foil immediately
wrapped
up, scintill:itions
ui fire rvili fol’loV, accompanied
with slight detonatioris.
Expriment
4. Fir i or si:; grains of sulphuret
of antimony, with half its weight of chlorate
of potassa, when struck
with a hammer wili cause a loud dt:tor,:ition.
Experiment 5. Two grains of chlorate of pot:issa, and one
grain of flowers of sulphur,
when ri~bhed together,
will produce a detonating
noise; and the sanle mixture,
struck
with
a hammer,
will give a loud report.
See CJzZor~te c~fic~nssa.
Experiulent 6. One grain of phosphorus
and two grains of
chlorate of potassa, struck in the same manner,
will produce
a violent explosion.
See Phosphorus.
Experiment 7. Felix ten grains of chlorate of potassa with
one grain of phosphorus,
and drop the mixture
into sulphuric
.
;ICI~;
detonation
anal flame will be the consequence.
L.qz7-imen t 8. Make a mixturr
of arsenic an4 chlorate
of
potassa.
On presenting
a lighkd
matc.fl, L~iL1Ibustion,
accompanied with a detonation,
will ensue; and, if a train of gunpowder
be laid, and both inflamed
ai the same time,
the
arsenical
mixture
will burn with the rapiilitjr
of lightning,
svhile tile other burns with cornpar,*tive
slowntss.
Experiment 0. If one grain of’ dry nitrate of bismuth
IX-
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mixed with one grain of phosphorus, and rubbed together in
a metallic mortar, a loud detonation will be produced.
Experiment 10. If a gloL)ule of potassium be thrown upon
water, an instantaneous explosion will be produced.
Experiment
I I. A grain of fulminating
gold, struck gently with a hammer, will produce a loud explosion.
Experimelzt 12. A few grains of fulminating
mercury,
struck in the same manner, will produce a loud detonation.
ExyWsimerl t 13. When a grain or two of potassium are
mixed with the same quantity of sodium, no effect will take
place; but if the mixture be brought in contact with a globule
of mercury, and agitated,
combustion, with a slight detonation, will follow, showing the vivid
combustion of three
metals, when brought in contact with each other.
Expel-inzerzt 14. If to six grains of chlorate of pntassa, we
add three grains of pulverized
charcoal, and rub ttte two in
a mortar, no kffect will ensue; but if we add to this n,i:~turc
two grains of sulphur, and continue the ruisbing, inflammation, accompanied with a report, will take place. See Gunpowder of chlorate of potassa,
Experiment
15. Chlorate
of potasva and sulphur, rubbed
in a mortar, wiil produce a crackling noise, similar to that of
a whip.
These reports will follow in sucession as the pestle
is pressed on the mixture,
Expa-imnt
16. Combustion,
with a slight detonation,
takes place during the melting-of coin in a nut-shell.
For
this purpose, make a mixture of three parts of nitre, one part
c)f sulphur, and one of very fine dry saw (Lust; pr~lss a small
portion of this powder into a walnut shill, ant1 put on it. a
small silver or copper coin, rolled up, and fill the shell wrth
the mixture.
If the mixture be now inflamed, it will melt
the coin in a mass, while the si~ll will be only blackeued.
into an inflammable air pistol,
Experiment 17. Introduce,
a mixture
of hydrogen gas with oxygen gas, or, in the place
of the latter, atmospheric air, and apply a lighted taper: a
violent detonation will be produced.
See bzj’ammable air
zuorks.
Experiment
18. illis some fine musket powder with
pulverized
glass, and strike the mixture with a hammer on
an anvil; the gunpowder will explode. See Gunpowder.
Experiment
19. Take a small portion
of fulminating
;>latinum, and place it on the end of a spatula, or on the
blade of a knife, and hold it over the flame of a candle; a
sharp explosion will take place, See Fulminating
platinum.
E;x@?metzt 20. Xf soap bubblers be formed of a mixture of
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hydrogen gas and atmospheric air, and touched with alighted taper, they will detonate in the air.
Experiment
~1. If a portion of detonating oil, (Chloride
of azote) be heated to 2160, a violent explosion will ensue; or,
Experiment
22. If a portion
of the same oil, of the
size of a pin-head, be brought in contact with olive oil, the
effect will be still more violent. See l)etonating
oil.
&xperimeut
23. Take ten or fifteen grains of i%ggi~s’s
fulminating
powder, and expose it to heat on a shovel: detonation will follow. See Niggins’s JX~zi?lati?:g po7vder.
Experiment
24. If oxalate of mercury, to the amount of
three or four grains, he struck with a hammer, a detonation
will ensue, in the same manner as with the nitrous etherized o&ate
of mercury, or Howard’s fulminating
mercury.
See Mermtrg.
.l$xjw-imen t 25. Take sornc of the detonating
powder,
prepared from indigo, and wrap it up in paper, and strike
the paper with a hammer: an explosion ‘byi:! ensue. See Betonating
powder from indigo.
Experimetz
t 26. If some gunpowder

be placed on the*
stand of an electrical discharger, ;dnd the electric spark passed &rough it, combustion, with a detonation, will be prck
duced.

Experime;it
27. If some gunpowder
be wrapped in tin
foii, and placed on a glass plate, and the two wires of a galvanic battery brought in contact with the foil; the foil will
inflame and explode the powder.
Experiment
28. Mix in a mortar
one part of s.ulph~~ret of
potassa with two parts of nitrate of potassa, and r-~pos~ the
mixture to the action of heat in the same manner as fulminating powder: a violent detonation will take place. The sulphuret of potassn is recommended,
in lieu of potassa and
sulphur in a §eIJarate
state; and although call~ti Bergman’s
fulminating
powder, this compound is in fact7 according to
the theory of its explosion, the same a~ the ordinary fulminating powder.
Experiment
29. If, says Mcxey,
(S’iiiinzan’s
Jozrrrzal ii,
21). a given quantity of strong’ljr ctrmpre:sse:l boiling water,
be suddenly discharged into about an equal quantity of oil
or rosin, at or near the boiling print, it will explode, to
every appearance, as quickly and violently as gunpowder.
Experiment.
30. If zinc or iron filings, or pulverized
antimony, be mixt:d with chlorate of potass:~, and struck with
a hammer, violrnt
detonations lvill ensue. If sulphuret of
iroo be ugd, the same c-ffest will ensue, See MM. Four-*

’

troy and Vauquelin’s
communication
to the S’ocictc PMo;rltntipzte, in their l>ansactiGlrs.
ET$GTzent 31. If oxide of mercury, obtained from its
solution in nitric acid by means of caustic potassa, be dried,
and mixed with flowers of sulphur, and struck with a hammer, a detonation will be produced.
(SCC Journal de Physipe,

17PS.)

32.
If alcohol or ether be mixrd wit’n chlorate of 13~:~
:qs;l, into a thick paste, and the m:xture struck
with a hammer, an c~splnsirrn will be the consequunce: or,
Experiment 33. If, ir?styad of alct~hol or ether, ‘ive mak:
use of fixed or volatile oils 7arnd proceed in the same manner,
the same effect will ensue.
Expel*inze/lt 34. If a small portion of chloride of azote
&IJeto~inti~lg* oil; be dropped into a solution of phosphorus;
in ether or alcohol, a violent explosion will take place: or,
Experiment
35. If in the place of phosphorized
ether,
other oils, as camphorated
oil, palm oil, whale oil, linseed
oil, Qulphuretted oil, oil of turpentine:, tznph:h:~, &LC.be brought
in contact, the same erect wi1i ensue,
Experinzent
36, Chloride of azote will also detonate with
sundry gaseous and solid substances, as supersulphuretted
hydrogen, sulphuretted
hydrogen, phosphuretted
hydrogen,
nitrous gas, aqueous ammonia, phosphuret of lime, ambergris,
fused potassn, and sundry metallic soaps. Messrs. Porret,
Wilson, and Kirk, brotiight one hundred and twenty-five substances in contact with it, and twenty-eight
of the number
produced detonations. (AWzolsorL’s ZJOW~IC~L,
vol. 34.)
Experiment
37. If a small quantitjl of ammoniacal nitrate
of copper be wrapped in paper, or in a piece of tin foil, and
struck with a hammer, a detonation will ensue.
Experiknt
38. If a small portion of arsenic and chlorate
of potassa be mixed, and smartly struck, a flame will be produced, accompanied with an explosion; or,
Exlberinzent
39. If the same mixture be touched with a
lighted match, it will burn with considerable rapidity; or,
into concentrated sulphuExperiment
40. If it be thrown
ric acid, at the instant of contact, a flame will rise into the
air like a flash of lightning.
of chlorine:
Experiment
41. Heat a portion of‘ deutoxide
when the temperature arrives at 2123, an explosion will take
place, and chlorine and oxygen be evolved.
L7perir2en t 42. If prussine gas, otherwise called cyanogen, or c‘lrhuret cif azote, be mixed with atmospheric air, ir.
the proport2~1 of about one to four in volume, and the tlec
.E~'sl,c'?"i?i~tX'llt

;.f.c. N.-j
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iV&-tk~

2cGi

dric spark made to pass through the mixture; a violent deto,
nation will rcsulr, leaving a mixture of carbonic acid gas
and azotic gas.
s%jJP&!t’ii
i 43.
If a mixture of equal parts of nitrate of
~otass.i, ..ili*.l tltsnium, bt: t.hr);vn into a red-hot crucibie, dctonatioll will icllow.
(.-XpcI it?zt,lit
44.
Melt bo:rk~ nit;-at;: of potassa iu a cruci-a
ciLL, and bring it to the state of igr:itil;i,: now throw in a small
quantity of pulverized
zinc, ami a i cry violent detonation
Will take place.
E:rp!wirent
43. If onn part of zinc filin1;3 and ?wo parts of
dr\ :~t:;t ni, timid ijk’ rfisGllt.:tl
in a retort, c)r expoxd to 1lClit
in -a cruciLlt~, the nconkc:it I( ~~~:com~sred, a detonation will
be

pl-OdllCc<l.

-46. It a few cirt,l,.j of il~~utoxielt: of hydrogen,
or the oxygeuized water of ‘J’h~..:~r~l; 1:: 1. : :‘A1 L;! dry oxidi: of silver, a violent action wiit i~~ii:,ur., ;i;;i~:i:;,.::lle~~ with
an explosion. Several other oxides haye tlir: : riaza’ \. lr::: ?,
Expriment
47, If a portion of black wadd, *:ii \r:‘:: ,;B manganese found in Derbyshire, England, he brougiit in CDI\IX~
With linseed oil; the oil will take fire, producing sometimes
Experimelu

Slight

(ICtOl.Itti~s)!iS.

-4:;. ‘I‘akc a prtion
OC ~lrc brown oxide of tungsten, formed b>~ iranbtuitti:ig
hyciro~, n g;rs over- tungstic
acid, in an ignited glass tub<; mix it with citloralt: of potassa, and strike the mixture with a hammer: a louti detonation
will ensue; or,
Experiment
4% Heat some of the brown oxide in the air.
It will take fire, and burn like tinder, passing to the state of
the yellow oxide, or tungstic acid.
Experiment
XL
If one measure of oxygen gas, and two
Ameasures of h~ilro gen gas be mixed in the expl(;~ivc ~.lriiometer, and the cLc:ric spark passrd through t:2ef11, :I c!: toEx/erimcl:t

nation

will

ensue,

and

a

curnpktt:

~Olii\:~ll!i~iiii)li

r:kh~

~/kc

C,

1. When equal ~::71.~;m3oi : lr;,;OsidLs of‘ 2?zate, or gaseous oxide of azott:, (‘c alkd
;tiiO
iii tl-011s
oxi&‘;!,
and h\ drogen gas, are tre:tr: ,: in tir~ same mauner, tli:s il~ixiture $iil explode, leaving a residuum, consisting;: of‘ nzoiii
gas.
Ex,mimc~2t
5 :!a If two n~casur~:s of carbonic :isitie or gaseous oxide of carbon, and one measure of’ oxygen, be submitted to the actir*n of the electric spark, a deton;ltion will
ensue, and th2 carbcnic
oxide will be changed into ccirbonic
acid.
Experimer;t
5s.
If one measure of carburetted hydroy~r!
00
fxcperiment

5

\

gas, either the heavy or light
carburetted
hydrogen,
called
also the hyclroguret
and br-hydroguret
of carbon,
(the former being sometimes
called olefiant
gas), be mixed
with two
or three measures of oxygen gas, and the electric
spark transmitted
through
them; a detonation
will ensue, forming
water
and carbonic
acid.
If one measure
of cyanogen,
(carburet
Experiment
54.
of azotc), be mixed
with
two and a half measures
of oxygen gas, and treated
with the electric spark, the mixed
gases
will explode
very loudly.
The cyanogen
burns, in this case,
with a blue flame; although
it is usually
of a purple colour,
The products
of combustion
are carbonic acid and azote. (See
Experiment
4%)
Experiment
5.5. If one measure
of arsenuretted
hydrogen
gas, (obtained
from an alloy of three parts of tin and one of
arsenic, by treating
it with muriatic
acid), and two measurea
of oxygengas
are mixed together,and
the electric spark is pasa detonation
will ensue, and water
sed through
the mixture;
and arsenious
acid be formed.
Experiment
56. If potassium
be made to act upon a compound of chlorine
and sulphur,
called chloride
of sulphur,
an
explosion
mill immediately
ensue; but,
E+wimeel!t
57. If potassium
be dropped
into chlorine
gas,
inflammation
only will take place, accompanied
with a vivid
light,
forming
chloride
of potassium,
(dry muriate
of potassa.)
Experiment
58. If sulphuret
of potassium
be heated in the
air, it will burn with great brilliancy,
forming
sulphate
of potassa; but, if mixed
with chlornrt:
of potassa, and struck with
a hammer,
a violent
cletonatlon
will be produced.
Experiment
59. If potassium
be heated in sulphuretted
hydrogen
gas, it takes fire, and burns with a vivid
flame, and
pure hydrogen
is set free; thus proving
that sulphuretted
hydrogen gas, although
inflammable
itself
in oxygen
gas, is a
supporter
uf combustion
for potassium.
Experime~~t
GO. If phosphuret
of potassium
be exposed
to the air, it will inflame
spontaneouslv,
forming
phosphate
of potassa;
but if it be dropped
into water, it will produce
a
violent
explosion,
in consequence
of the immediate
disengagement
of phosphuretted
hydrogen
gas.
Experiment
61. If potassium
Lje moderately
heated in the
air, it inflames,
burns with a red light,
and emits alkaline
fumes.
Expeuinzent
62. If potassium
be thrown
upon water, it
acts with great violence,
burning
with a beautiful
light,
of a
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a solution

E~/~c~-ime~lt
63. When sodium is heated stronqlv in oxygen
or chlorine, it burns with great brilliancy; but it does not
inflame, when thrown into water. It is converted, however,
into soda. If it be heated in oxygen gas in excess, it barns,
and ii; converted into the peroxide of sodium, which, when
snixcd with combustible bodies, and exposed to the action of
heat, deflagrates with violence, giving off its excess of oxygen, and becoming changed into soda, or protoxide of sodium.
Experiment
64. When sulphuret of sodium is mixed with
chlorate of potassa, and struck with a hammer, a detonation
will ensue; and when sodium is heated nearly to fusion, in
contact with sulphuretred
hy&-ogen );a~, it will unite with
the sulphur; flame will be produced, and hyeiro$;en gas 5et at
liberty.
A sulphuret of sodium is thus ri!~*mctl, -which is
usually combined with some sulphuretted
hycirogfen.
Experiment
65. When a mixture of ammoniacal gas, in a
dry state, and oxygen gas, is submitted to the infiirence of
the electric spark, in the explosive eudiometer,
explosion
will take place, and water and azotic gas result.
kTxperiment
66. If potassium or sodium be heated in Auoric gas, a rapid conal~ustion takes place, in all respects as
brilliant as in oxygen gas*
Experiment
67. If gallic acid be placed on a red-hot iron,
it burns with flame, and emits an aromatic smell, simiiar to
that of benzoic acid; but, if mixed with chlorate of’ potassa
and struck with a hot hammer, a detonation will :‘II~ ~1~‘.Various vegetable acids, as the benzoic, which is highly inflammable, produce similar effects.
I

CHAPTER
OF SCENTED

IV.
FIRE

WORKS.

There is a variety of scented fires, all partaking,
in a
greater or lesser degree, of a peculiar fiavour, according to
the substances, which enter into their composition,
It is a
fact, that, in the ordinary odoriferous
fire, into which, either
the so called scented gums, or essential oils, enter as a component part, these substances are not only decomposed in the
act of combustion, but evolve, during that process, a part of
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their
respective
odmrs,
tcJ
ivhich we attribute
the scent impar tt:(l I.~~ihe atmospht’rc.
,in those: instances,
in which gunpostltbr
forms
i part ot the composition,
it is to be remarked,
that the peculiar
smell
of fired gunpowder
is
scarcel) recognized,
owing to the prepc)ntlerance
of the scent
in the composition.
I-31 net: it is, that, x~~nt~~l fire;works
are
more
c.,rlclAatccl
for c(,lifiilCd
places thw
for the open airScenferl
fire-s arc va1 ioils horh in their
Ir:lture
and composit 1~111,aild nla~7 ;~l\t 21~b b e SC, modified,
as, in their YI~VC~, to
~)roduce, not only the particular
flame,
or appearance
oji‘ the
fire, but the extrication,
aloug
with the gaseous products,
of
the odour
of‘ the esssencial
oil, or other
substance
made
USC of*
Xlillllie:ls,
in a dissertation
on the odours of different
sub&I. Lorrc \‘ (iliT+
st:lnces,
~~d~~avoured
to classify
them.
ntGbes ctc la Societe’ Royak
de mrdicijle
178 !> Ji\.icl ,il thrm
into five classes;
viz. camphors,
L!arc9tics,
~zhei-5, \.iAatile
acids, and alkalies;
but it is OO, ig:i:~., th::: it ::, :I~I impossibility to class all the odours
~.i*i; .:I csict, rind m:~y be formed
hy the mixture,
or cornhln,:ti~,::
cjf varirius
substances.
We
may consider
tht’m rit!-iel. i)leasant, or unpleasant
to the sense
of smelling.
But as WC recognize
bodies very frequently
by
their dour,
with which we become familiar,
as camphor
and
assafreticla,
for instance;
so the olfactories
may be affected by
other odours.
Aromatic
and fetid odours
are opposite
to
each other;
Some of the gases, as the tillzfiant,
have a fragrant smell,
and others, as hydrogen,
and sulpijurettcjd
hydrogen,
either
alone or mixed,
are estremcl\.
unpleasant.
The intestinal
gas (gas ir~testi~zcmx of tlie French)
is a particular
instance
of the odour of a compound
gas, or mixtin-c
of gaseous fluids.
The experiments
of I’M. Jurine
of Gt.~eva, of 31 ,%I< Chevreul
ad JUaqcnttie,(Ann. de L’hivz. c’ */e
P/I 21s. t. ii, $94 ), of &I. V auquelin,
(Jorrmal
lie Phw~ut~(*~e,
. .‘.
&3).i), alld of‘ IV1 31. I,ame\;ran
,ind Fremy,
(l?,iib’Cli?Z
:. 111, p.
i/e l’/ltrrtr2til-it’,
t.
1, p- .?58),
are in&resting
on this subject.
Intestinal
gas difikrs
in its composition.
It always contains
c.uboniz
acid gas, and rzzo~ic gas, and. h> drogen gas, either
purr, or combined
with carbon and sulphur.
‘i’henard
(>TraitS ll’e C;I-li?nie, iii, p* 576) contain:;
Sony observations
on this
:ubject.

*

:or. In the ethereal cdour, different kinds of ether. Under
the odour of’ I’cJkitik
acids, he considers that of iruits, aromatic barks, citron; and undioa the alkaline odour, the acrid, and,
in general, the antiscorbutic: plants. E’ourcroy, in treating
of the ar0inr-t of plants, t;r the ~pi~it2~ rector of i30erhaave,
(Bulletin
de In Socie’tk Phihmatipe,
an. 6, p. ~2~) has some
;nteresting facts on this subject.
It is evident, that perfumes, so called, owe their peculiar
iragrance to an essential oil, which characterizes each kind;
for the essential oil obtained by distiiiation,
partakes of the
odour of the plant. f-fence the oils of mint, roses, thyme,
cinnamon, cloves, &c. kc. all of which are peculiar in this
respect. Odoriferous
fire-works owe their particular properties IO the presence of some gutr:, resin, or oil. As to the
expansibility,
or rather the divisibility
of odour, several interesting facts are known. In a work, entith cl I’ +x:istence de
I)ieu,
par les merveilles
cle kr Nutz~e, we are m r”Oirned, that,
if M t’ take the one-fourth of a drachm c;f bcnzoin, and @CC
it in thr four corners of a room, the odour will be recognised
in an instant.
‘I’he chamber in which the experiment was
mrttle, lhca author states was 24 feet by 16, and contained
S,:lk cubic. fi:~t of air, wh4ich, multiplied by 1000, would give
g;!lr:(3& It-“j?‘.‘Q
A_ AI3, c::1,.
r! ;~J~J:xC.Qparts *of an ihch were rendered
‘~‘]Jc&JL’,
htk ii>fcrs, that 9216000~!00000
appreciable.
are
equally perceptiN
in the chan2bcl~. l?kevot (Bulletin,
de
la Societe Phiiomatigu-*,
an. r>> has scjme observations
of
the same nature, respecting camphor.
df such are the effects with benzoin, what, we ma) ask, would be those of the
more pcJwrful
perfumes, such as musk? One grain, or per,haps the tenth part of a grain of musk, would scent the atmosphere of a room very perfectly.
Dz Lava1 (Llescrzption 0J the &W&vu IskunJs) mentions
the use of scented firL by the inhabitants, in the celebration
of their festivals.
On the c!ay of every new moon, they
place at the entrance of the churches, and the gates of their
ilou>es, cocoa s!lells cut in the middle, and filled with white
santi and burning coals, upon which they burn, almost all
nigh c, sweet scented gums and wuods; ant1 at the nocturnal
festival, called nz~z~Iu&, tht night on lvhich ltaa’nomet died,
their halls are illuminated
with a tnuftltu(l~~ of lanrps, and
the air is filled with the smoke of pt r~urnes. ‘I’he use of
scented fire appears to form a princi:.;ii ]!a:*~ CJf’ their devotlonal eserciscs. Perfumes are cvcn i;ti! i:t 013 the gra%es
of
deceas:

r1

Having

personas.

mentioned

the use of odoriferous

plants in scented

fire, we may add, that all plants
possess some peculiar
character, if aromatic,
which, as one of their char-ai:ters,
serves
to distinguish
them.
The qualities
of plants are said to be similar,
when they
have the same taste and odour,
The odours of plants. Kichard divides
into 1. Tiragrant,
2. Aromatic,
S. Ambrosiac,
or
resemblinn
amber,
4. a411iaceous,
or rescnlhling
garlic,
5.
Fetid,
6. ANauseous.
‘Ihe three first arc intl,)sious.
In the composition
of scented fire-works,
it is also to be
observed,;.that
gunpowder
does not always form a part; and
hence their
character
is various,
according
to the purposes
they are applied
to, or their uses.
In the odoriferous
water balloons,
(for which, see apmtic
J~vc-~uc~-~~),, we have, for instance,
along with saltpetrc
and
other substances,
in the different
compositions,
either amber
an4 flower
benzoin;
or frankincense,
my-rrh, anrj camphor;
or amber,
ar raspings,
and the essential
oils of YOWS and
bergamot;
OS the saw-dust
of %junip:.r,
c~prcss,
camphor,
myrrh,
dried
rosemary,
cortex
elaterii,
and oil of roses.
These are the su!)stances, therefore,
which enter into the different
compositions,
in thL order here given, and which impart to the fire an odoriferous
character.
The relative
proportions mav be learnt,
by referring
to the chapter
on Aguutic
Jil-e-wcuks.

Scented fires are, however,
little used. Their
effect is nevcrthrless
agreeable
in close rooms; but in the open air they
lose this property,
or rather it is not perceptible,
owing to
its extreme
division.
The vnses of scerlt were greatly
cn~~~ioy~,d
in the public
feasts and ceremonies
at Rome,
Athens,
and, above all, in
Egvpt.
In temples,
palaces, 8:~ they were mostly
used.
The
vessels, which
contained
the composition,
were placed
by the Athenians
in sculpiurcd
or painted
vases, as well tQ
hide their appearance,,
as to serve for ornament.
2yec. .I.

Of

Pustilles.

Pastilles,
or fire crayons, are small
conical troches,
in the
form of a loaf, of one and a quarter
inches in height,
and
about an inch thick.
Th ey are made of the foIlowing
composition,
which i-s moistened
with rose-water,
having
some
gum arnb;c previously
dissolved
in it.
The paste is made
neither
too thick nor too thin, hu: of a sufficient
consistence
ta work with the hand.

SEC. 1.3

Pastilles.

- 2 oz.
Storax calamite,
Ber?zcrin,
22 Gum Juniper,
Olihnnum,
- I n/Z;lsrich,
lFrankincense,
- 1 White or yellow Amber,
1 CamDhor,
- lSaitpktre,
”
cfi ” ; Charcoal of the linden, or willow,
The pastilles are burnt upon a plate, and communicate
the air an agreeable orlour.
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to

Odoriferous paste.
Gum Benzoin,
- ! oz.
k s;crllplles.
Storax calamite,
Peruvian balsam, (dried)
- ,) OL.
4 scruples..
Cascarilla,
C1ovcs,
L
- $ drachm.
Chnrcoal,
14 oz.
Nitrc,
I drachm.
’
Oil of Lemon,
4
do.
Tincture of Amber,
i
do.
The dry substances ::TL:pulverized ~3’s’ fine, and mixed intimately together, and the oil of lemon &rl riz1cfI.rl.c of amber
then added. The whole is thrn ma& into a ~1lic.kp;:~,tc with
common mucilage, and formed into pieces :;s i~i‘or: iI>{ nrioned. These pieces ought to be conical.
W’hcn uscch, they
are placed on a stone, or a piece of metal, and inA:;rned~
This composition is said to burn with scintiliations, and to
exhale a very fragrant and agreeable odour.
See Dictionnaire de i’kdu&ie,
Orrisroot,
.
.
.
.
1 ox,
1 -Benzoin,
.
.
?A
&\
-Charcoal,
D
.
* )
” .
*
1 tll~.tcllm*
Ess. Bergamot,
These ingedients are miied into ,i pastc’in the us~xal manner, with orange flower water, and T, ;m:dl quantity of gum.
A small portion, when dry, thrown on ignited coals, will to exhale an agreeable odour.-1&Y.
M. Brillat-Savarin
(Archives &s l)rcr;nuerZes iii, p. 328)
has invented a mt~hine, which he calls tilt: icoratew,
f(jr

perfuming
apartments.
He objects to the ordinary mode of
perfuming by fire, and sprinkling odoriferous fluids in a room.
His iwouateur consists of ;I small fountain, which, by con)pression, forces out the odour required, and may be convey.
ed to any place.
Set,

II.

Of

of Scent.

Vases

11-e observed, that these vases were much in WE at the
public feasts and ceremonies of the Athenians, Remans, and
Egyptians.
for

C’~~t~pt~it20~i

the Vuses.

4 oz.
.
4Benzoin,
.
.
.
L
* 4 --Frankincense,
e
e
Camphor,
s
.
.
.
2 9
*
e 1 -a
Gum Juniper,
a
.
lCharcoal of the willdul,
mixed,
These substances are pulverized, and intimately
and oil of juniper is added. The mixture is put in an earthCn vessel, having a cotton, similar to a wick, supported b)
Among the ancients, the earthen vessels
means of a wire.
were afterwards
placed in- sculptured, or otherwise ornamented vases. By usiq stone-ware vessels, and mixing the
composition with the spirit or oil of turpentine, the combustion will be more rapid, and the flame more enlargecl.
*

stnrns,

.

.

l

Sec. I I I

l

Remarks on Spmlanecm

Accension.

The spontaneous :iccension of spirit of turpentine by the
addition of nitric acid, might furnish also a means of preparing a scented fire extemporaneously;
by putting into the
vessel, prcviousiy to the spirit of turpentine, the composition
See Ntric Acid, in the ar:iclt: :VJtre.
above mentioned.
An extemporaneous fire may also Li: prq~arcci, by placing,
on the scented mixture, the following
composition, namely,
chlorate, or hyperoxymuriate,
of potassa and sugar, and
touching the mixture with a glass rod clipped in sulphuric
acid, or oil of vitriol. The fire will then communicate to the
other materials.
See C’hlcrnte 0)-c‘ P~fl!ssa and the article on
7yt-a
Pu” i.ljb!l’l
.
Cahril;hor, which imparts an agreeable odour, may bfz
readily inflamed in this maniler, and rhe experiment even bc
made on snowcr icy. See Gm2pfm

SEC. rv.1

_ Torches, and Odori,Perous FZambeaux.

Sec. IV.

Of Th-ches, and Odorifrous
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Fjambeaux.

Flambeaux are usually wax torches.
Odoriferous
ffama
beaux may be formed by melting with the wax, camphor and
frankincense, and mixing with the whole, when fluid, some
of the essence of hergamot.
Although there are no directions given on that subject; yet, judging
from analogy, a
mixture of that kind would be an improvement
on the flambeau, when it is to be used in rooms or for particular occasions. They may be made either large or small, with a wick
of a proportionate
size.
Torches are principally used for military purposes, to give
light, when an army is marching at night, during sieges, &c.
They ought not to be extinguished by wind or rain.
The
Torches inexting-z&es,
of the French, are of this character.

Torches are made in the following
manner: Take four
large cotton matches, three or four feet long; boil them in a
salution of saltpetre, and arrange them round a pine stick.
Afterwards,
cover them with priming powder and sulphur,
When dry, they are to
made into a thin paste with brandy.
be covered with the following composition:
Composition
Yellow wax,
White turpentine,
Sulphur,
Camphor,
pit&,
-

for
0

torches.

..

I

-

- Ibid.
-

c

w 2 lbs.
2 12 oz.
6m - .a -

-

32 parts.
White pitch,
Hard turpentine,
4 do.
Yellow wax,
=
32 do.
Sulphur,
- 12 do.
.I
6 do.
Camphor,
Ibid.- 24 parts.
Black pitch,
24 do.
White pitch,
- 4 do.
Turpentine,
The second composition is that which is used in France,
and, therefore,
in all likelihood,
is the best formula,
The
flame may be more or less scented, by using, at the same
time, some of the aromatic substances before noticed. This,
however,
is unnecessaq
for common purposes,
See Firezoo& used in war.
The flambeau, invented by Petitpierre,

PP
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Fire-works
may be made extremely
unpleasant
to the 01factory nerves,
by mixing
with
their compositions,
sundry
su!,stances
of an opposite
quality
to odoriferous
oils and arothat
matic gums.
It will be sufficient,
however,
to remark,
this effect is communicated
more particularly,
as in the stinkballs of service, by using sulphur,
rasped horses’ and asses’
hoofs,
burnt
in the fire, assafcetida,
seraphim
gum,
and
sundry
fetid herbs or plants.
The addition
of the acid of
amber, called succinnic
acid, and, in the shops, the snlt ojmzbel-, will give to the atmosphere
in the vicinity
of the fire,
the peculiar
property
of causing
a continual
Aeezing
and
coughing.
Such are some of the opposite effects, which different
substances
produce
in conjunction
with fire-works.
Some of these substances,
it is obvious,
would,
if used in
retard,
if not entirely
prevent
the
too large a proportion,
combustion;
and for that reason, they bear only a given proportion
to the powder,
nitre and charcoal,
which forms
the
basis of some? as, for instance,
the stink-ball
composition,
But in such cases, the combustion
being in itself rapid, and
the d~grce
of heat consequently
proportionate,
these fixed,
ant: otherwise
incombustible
bodies,
in a general
sense, are
acted upon by the fire, already
created;
and, therefore,
the
smoke that results must necessarilv
possess, and partake
of
the fetid qualities
of the substances
employed.
On the same
principle,
we may account for the effect of the scented paste,
and the scented vases; but with this difference,
that many of
those substances
are thl-mselves
inflammable,
and, during
their decomposition,
emit the odour peculiar
to each of them.
We know, that the elementary
principles
of these bodies are
carbon, hydrogen,
and oxygen,
variously
combined,
some of
\vhich are, and some are not inflammable;
and that, in combustion,
when it takes place, they are decomposed
and new
prociucts
necessarily
ensue from a new arrangement
of the
elementary
principles.
It is difficult,
however,
to give the precise order in which
decompositions
by fire result;
since the substances
made use
of are numerous
and employed
in given proportions;
and
since their
action
upon each other, depends
frequently
on
external
agents, anomalous
circumstances,
and causes which
do not follow
at all times
the same order of succession
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Generally speaking, however, we may obtain such a datum,
all things being considered, a datum derived from the known
laws of chemical decomposition, as will fcrrnish a raiionalrv
to explain both the cause and effect. See Gelzernl ‘K5eory OJ
Firt--works.
There is no doubt, that, by the action of fire on fetid, and
particularly
animal, substances, as lloofs, &c. products may
be formed in the very act of combustion, which would increase the fetid properties of the smoke. Zimome, obtained
from the gluten of wheat by alcohol, which takes up the
gliadinr. when thrown upon red-hot coals, exhales an odour,
similar to that of burning
hair or hoofs, and burns with
flame. The ~ZJ-o-~!~roducts are the immediate consequences
of the decomposition
of the substance; the elements of
which either separate entirely, or recombine under some
distillaother form, as we find in the proces,s of destructive
tion.
Bones, and other hard parts of animals, when s:lbjccted to
distillation, furnish several products, as impure ammonia,anima1 oil, and the like. Wood also, we remclrked, when treating of its carbonization for the formation of coal, produces,
besides gaseous and other volatile products, the result of its
decomposition, a quantity of acid liquor, formerly called the
pyroligneous,
but now the pyroacetic acid. By separating
the empyreumatic
flavour, which at first constitutes a part of
the acid, the acetic acid is obtained in a state of purity.
The pyro-tartaric
acid is also the result of the action of
heat; and we know, when animal substances are calcined
with potash, they produce cyanogen, the basis of the hydrocyanic and ferrocyanic acids, the latter of which when united
with the peroxide of iron, forms the perferrocyanate
uf iron,
commonly called Prussian blue.
Caromel also, that peculiar substance which is disengaged from sugar and various
saccharine substances, when submitted to the action of heat,
is a product, resulting from the decomposition of the sugar.
or bw-72t
flavour of certain distilled
liThe empyreumatic,
quors, which is corrected by redistillation
with charcoal, or
passing the liquor through a filter of charcoal, is owing to
the same cause. The changes, that bodies undergo by partial roasting, are familiar
to every one; as, for instance, the
torrefaction
of barley, after germination,
in the preparation of
malt, the degree of which determines the colour and taste
of the beer; the roasting of rye and coffee, before they can
be employed to form a beverage; and the torrefaction of the
cocoa, before it can be made into chocolate, the sweet taste
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and brown colourof which are acquired in the process, are all
examples of the effect of heat on bodies. The action of
heat, according to its temperature, produces, therefore, effects of a particular
kind; and, as we regulate the heat in
such
cases, we form products of different kinds.
Destructive distillation, however, woulri again change the character
of these products.
Of this kind, we may consider the effect of the heat, produced in the combustion of inflammable
substances. In a word, the action of heat may be so graduated, in the same manner as the tempering of steel, as to
produce only partial changes, which must ensue at certain
temperatures;
or, by an increment of heat, in which a total
decomposition
takes place, the effect is regulated, by the
force of affinities, exerting their influence under modified
circumstances.
Hence we perceive, by reasoning a pi-iovi,
that as substances are altered by the action of heat, so they
produce new compounds, according to the circumstances of
the action, and with or without the agency of foreign bodies,
These facts are so far applicable to the subject under consideration, as to enable us to explain, or account for the effects
that result on the mixture, or combustion, of bodies, a knawledge of which is undoubtedly necessary to form a theory of
fire-works in general.

CHAPTER
Ojj’ MATCHES,

LEADERS,

V.
AND

TOUCH

PAPER,

We purpose, in the fourth part of our work, to go into the
detail of the manufacture
of various kinds of matches,
which belong morci particuIarIy
to military pyrotechny, addformed,
ing, at thjs time, that fire m;itches are differently
and are called the quick and slow match.
The former is
commonly made of three cotton strands, drawn into lengths,
and put into a kettle, and just covered with vinegar, (usually
white wine vinegar), a qu.tntity of saltpetre and meal powder
being added, and the whole boiled together.
Some put only
saltpetre into water, and, after soaking the cotton, place it,
while htit, in a trough with some meal powder, moistened
with some spirits of wine, or brandy, which are thoroughly
worked into rile cotton, by rolling it backwards, and forwards
avith a1.i: bancis. When this is done, they are taken out separatei), dud, after being drawn through meal powder, dried
upon a l:.nc;. Another mode is to steep the cotton first in
vinegar, and then rub into it the following
composition:
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quicR-match.

- 2 quarts.
Vinegar in which matches are soaked,
Brandy,
- 1 do.
Saltpetre,
1-2 lb.
Priming powder,
1 do.
As much cotton as will take up all the above,
which will be about,
1 do.
To the proportions of one pound and three-quarters
of cotton, one pound of saltpetre, two quarts of spirits of wine,
ene pound of meal powder, and three quarts of water, some
recommend the addition of four ounces of isinglass, dissolved
in three pints of water.
Another method is to steep the matches in brandy, and
then rub them well with priming powder.
Slow match is made of hemp, or tow, spun on a wheel
like cord, but very slack, and is composed of three twists,
which are afterwards again covered with tow, so that the
twists do not appear.
It is finished by boiling in the lees of
old wine.
This, when lighted at the end, burns gradually,
without going out.
Thtre are several modes of preparing slow match. There
is also, a kind of slow match, which is slower in carrying
fire than the preceding quick match. The quick match, for
composition,
this purpose, is drawn through the following
which is melted, and the operation is continued until it attains the size of a small candle; it is then hung up to dry.
Composition for a slow match.
- 1 lb.
Gum mastich,
1 lb.
Saltpetre,
Rosin,
-- 1-2 lb;
- 1-2 lb.
Yellow wax, 2 oz.
Charcoal,
e
When these matches are used, they are to be lighted, and
then blown out. If well made, they will burn a long time.
They may be used for communicating
fire from one work to
another.
Another slow match, used for common purposesp
is made by soaking hempen cord in the following ley:
Lixrvium for slow match.
Oak ashes, m
0
Quicklime,
Liquor of horse dung,
-

- 3 lbs.
- 1 lb.
2 lbs.

Saltpetre,
=
- 1 lb.
Water,
a sufficient quantity,
The cords are put into a pot, and boiled for two or three
days, renewing the lixivium from time to time, as it evaporates. They are then taken out and dried.
Good match
makes a hard coal. Its duration depends upon the quality
of the materials; hut, generally, four inches will last an hour,
Further remarks on this subject, will be found in the
fourth part of this work, in which the various modern improvements are given.
The preparation of touch paper, for capping of serpents,
crackers, &c. may be here noticed. The directions of artists
are; To dissolve in spirits of wine, or vinegar, a little saltpetre, and immerse into the solution, some purple or blue
paper, and dry it for use. There is no advantage gained by
using either spirits of wine, or vinegar: for the simple solution of the saltpetre in water, will be sufficient.
In the former case, it may dry sooner, but neither of these fluids can
add to the effect of the saltpetre.
In using this paper, care must be taken to prevent the
paste which is made use of, from touching any part, that’ is
to burn. The method of using it, is by w,tting it into slips,
sufficiently long to go once round the mouth of a serpent,
cracker, &c. When they are pasted on, be careful to leave
a little above the mouth of the case not pasted; then prime
with meal powder, and twist the paper to a point.
The mode of threading and joining leaders, and placing
them on different works, we shall here describe.
The observations of a writer in the Encydopetiia
L’ritannica,
vol,
xv, p. 713, are pointed on this subject, which we will brieflJoining and placing leaders, is a very essential part
notice.
of fire-works; as it is on the leaders that the performance
of
The works being prepared,
all complex works depends.
and ready to be clothed, the pipes must be cut of a sufficient
length to reach from one case to the other; and then put in
the quick match, which must always be made to go in very
easy, When the match is in, cut it off within about an
inch of the end of the pipe, and let it project as much at the
other end; then fasten the pipe to the mouth of each case,
with a pin, and put the loose ends of the match into the
mouths of the cases, with a little meal powder. This being
done, paste over the mouth of each case, two or three bits of
paper.
This metho is used for large cases.
The practice adopted for small cases, and for illumina.
Cons, is the following:
First, thread a long pipe; then la*\
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it on the tops of the cases, and cut a bit of the under side
over the mouth of each case, so that the match may appear,
and then pin the pipe to every other case, observing,
before
the pipes are put on, to put a little meal powder in the mouth
of each case. If the cases, thus ciothed, are port-fires on
ill!lminared works, cover the mouth of each case, with a sin& paper; but if they are choaked cases, situated so, that a
number of sparks from other works, mav fall on them before they are fired, secure them with three or four papers,
which must be pasted on very smooth, that there may be no
creases for the sparks to lodge in, which often set fire to the
Avoid,
as much as possible,
works before their time,
placing the leaders too near, or one across the other, so as to
touch; as it may happen, that the flash of one will fire the
other.
If the works should be so formed that the leaders
must cross, or touch, they must be made very strong, and
well secured at,the joints, and at every opening.
When a great length of pipe is required, it must be made
by joining several pipes, in the following
manner: Having
put on one length of match, as many pipes as it will hold,
paste paper over every joint; but, if a still greater length is
required, more pipe must be joined, bv cutting about aninch
off one side of each pipe near the end, laying the quick-match
together, and tying them fast with a small twine; after which,
cover the joining with pasted paper.
Leaders,
or pipes of communication,
are formed of paper,
which is cut into slips three or four inches broad, so that,
when it is rolled on the mandril or form, it may go three or
four times round.
When they are very thick, they are too
strong for the paper which fastens them to the works, and
will sometimes fly off without leading the fire. The forms
for these leaders are made from two to six-sixteenths of an
inch in diameter; but four-sixteenths
is the size generally
made use of. The forms are made of smooth brass wire;
and, when used, they are to be rubbed over with grease, or
wet with paste, to prevent their sticking to the paper, which
must be pasted all over.
In rolling of pipes, make use of a
rolling board, but press it lightly. Having rolled a pipe, draw
out the form with one hand, holding the pipe as light as possible with the other, and avoiding any unnecessary pressure.
Leaders are made of diRerent lengths; and, in cutting them,
as is often the case, care must be taken to do it with as little
waste as possible.
Leaders for marron batteries must be
made of strong cartridge paper.
The Etou&Ie of the French is the same as the forme
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match; it being nothing more than a kind of quick-match,
prepared by soaking three threads of cotton in a paste, cornposed of the best priming gunpowder
and brandy
It is designed to communicate fire with promptness, from one part
of a fire-work to another, and, therefore, has the same effect
as the common cotton quick-match.
The cotton is usuJly
soaked, or steeped in a paste of gunpowder and brandy, neither too thick nor too thin, for the space of two hours, adding more of the brandy as it evaporates.
In the French
preparation,
gum arabic is used, in the proportion
of one
ounce to a pound of powder.
In the English preparation,
isinglass, or fish glue is employed, in the prop* rtion of four
ounces dissolved in three pints of water. Gummy and gelatinous substances are calculated for no other purpose, than
to make the powder adhere to the cotton, the quintit>, not
being sufficient to retard the combustion of the match. Pipes
or leaders of communication,
are an essential part of fireworks, and hence great care and attention are required in
preparing them. Cotton, prepared in the manner already described, is the substance generally made use of. It has the
property of imbibing fluids with facility; and when spirit of
wine, or brandy, or even water, is used, it absorbs, and mecharlically combines with the gunpowder,
the impregnation
with which determines the quality of the match.
Alcohol,
deprived of as much water/ as possible, or, in other words,
the most concentrated,
appears to have an advantage over
If it be used merely as a vehicle, in order
brandy or water.
to suspend the gunpowder,
and likewise to csrry it, as it
were, into the fibres of the cotton, which ;tppears to be its
modus operandi,
then it is undoubtedly
preferable to either
brandy or water.
‘The former, as it never exceeds fourth
proof, contains always a considrrable quantity of water; and,
therefore, as water decompose\ gunpowder, by dissolving the
nitre, and separating the sulphur and charcoal, on which it
has no effect, it is obvious, that the gunpowder itself, when
mixed with brandy, is more or less injured. It is true, however, that the cotton in that case would be more effectually
saturated with the nitre; but it does not follow, that it would
be saturated with the gunpowder;
as two of its component
parts, vzz. the charcoal and sulphur, would be separated,
TYe have seen, that touch paper is nothing more than paper,
soaked in a solution of, and consequently impregnated
with,
nitre; but, in order to render a match more combustible, and
convey fire with more rapidity, which is required
in many
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cases,
gunpowder
is the only substance,
that possesses this
property
in any degree.
The cotton, which is used for this purpose,
is the same as
that for candle wick, and, with
respect to thickness,
mat be
from one to six threads,
according
to the pipe, it is intended
for.
Ti2e pipe must always be large enough
for the match,
so that the match may be pushed in easily without
breaking
it.
After it is doubled
into as many strands as required,
it
is usually
put into a flat bnttomeci
copper,
or earthen
pan,
and there boiled
in a solution
of saltpetre.
It is then taken
out, and coiled into another
pan, and the remaining
solution
is poured on. Meal-powder
is then put in, and pressed down,
till it is quite wet. It is then wound upon a reel, keeping the
hands moistened
with the powtIer
an;E fluid of the last kettle, and suffered to remain
a short time;
when it is trken
down, and meal-powder
sifted on both sitfes of it, till it appears quite dry. When dry, it is cut, and sec~ured in skins.
There
is one advantage
in this process, that the cotton
in
the first: place is saturated
with uitre;
and, in the second
still wet, is combined
mechanically
with
the
PI ace, x-bile
mlxl -po’: dcr. The match I apprehend,
is in all resp xts equal
to the cto:i’/l!le
of the French.
The prrurin;:
paste, as it is called, consisting
of meal.powder and brandy,
may be prexrved
in close vessels for a
length of time; and, when used, mag- be brought
to a proper
degree of consistency,
to be worked,
b~v the addition
of more
brandy.
The preparation
of the etozrpille, or match for communicating fire, tvill be given at large, when we treat of miiit;lrj
fir-~matches.
It will be sufficient
to remark,
that its prt-paration,
&Artifice
CATGzwrre, p. 7S), conaccording
to Bigot, ( ‘G-d/i
sists in macerating
the cotton in vinegar,
then pressing it, and
steeping
it in brandy,
and afterwards
working
it in a paste,
composed
of meal-powder,
gum arabic,
camphor,
and brandy, and then rolling
it on a table with meal-powder.
Xn preparing
all kinds of matches,
we may increase
01' l~:ssen their efi’ect by increasing
or diminishing
tire quantity
of
gunpowder.
By combining
powder
and sulphur
vvlth one or
more
parts of melted
wax and rosin, in he ~KUIIPCI’ bci0i-e
mentioned,
and immersing
the cotton
into it, a m:itch
will
be formed,
wirich, for some purposes,
is ccjnsidercd
preferable to the ordinary
kind.
The folloit ing proportions
are given h* preparing 100,000
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cotton,
Meal-powder,

-

V’ wegar,

-

-

-

-

I
-

CMAPTER
THE

4

-

FURXITURE,

-

-
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50
30
12
7

-

-

Brandy,
Gum arabic,
Camphor,
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Ibs.
lbs.
galls.
galls.
2 lbs.
I lb.
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DECORATIONS

FOR

used by the French, we understand
By the term garniture,
embellishments,
or decorations
for
the furniture,
equipage,
sundry fire-works,
as rockets,
bombs, batteries,
fire-pots,
&c,
Sec. I.

Of Serpents.

The directions,
given for the formation
of serpents, are the
Paper is rolled lengthwise
on a
same in fiIore1 and Bigot.
mandrill, or form, which is a quarter of an inch in diameter,
of thre:: thicknesses,
according as it is stout, and the last turn
of the p.~per is pasted.
They are made tight and strong, and
They
are then put upright
in a
strangled
first at one end.
sqllarc: or round box, called
a bushel, for the purpose
of
charging
them.
For this end we must have a small mallet,
and a rammer of brass, of a smaller diameter
than the form.
The
composition
is put in and rammed,
proportioning
the
number
and
force
of the blows to the size of the case.
The petarcl is formed,
with extremely
fine powder, then rammed,
and the case choaked.
To prime
them, we open the
ends with a piercer,
and by means of a spatula
introduce
a
portion
of priming
paste, or priming
powder,
in order that
the fire may communicate.
We may here remark,
that large cases for serpents,
as well
;1s wheel cases, are driven solid.
There is usually a mould,
in which is a nipple, with a point at top, that serves, when
the case is filling,
to stop the neck, and prevent the composition from falling
out.
The air, in that event, would
get into the case, and cause it to burst.
These sorts of moulds
are made of any length or diameter,
as the cases are required; but the diameter
of the form must be equal to haIf the
*caliber,
and the rammers
solid.
Lardms are of much the same nature as serpents, but arc

Cances for petards are a kind of port-fire, used in war,
but not very often.
As they will be noticed hereafter, it
may be sufficient to remark, that they are formed of cartridge paper, and the case is strangled in the usual manner;
that a small portion of bran is put in, and then about as
much good priming pistol powder in grains; thxt the case is
then strangled, or choaked, about two-thirds
of its length,
the remaining one-third serving for a handle; and, in using
it, that the twisted end is cut off, so that the fire may communicate to the petard,
Sec. Xx11.

Of

Lances of Service.

These lances serve for setting fire to works, Bzc. They arc
commonly made fifteen inches long, upon ;t former or roller,
one-fourth of an inch in diameter. Four turns of the paper
are sufficient for the case. ‘They arc charged in the same way
as the petard lances, and ;rl:o in the manner described for
port-fires.
Th ey are primed with the match and paste.
1
Compsition for the lances of service.
. z lbs.
Saltpctrc,
.
.
.
.
.lSulphur,
.
.
IMeal powder,
.I
- .
* 5 oz.
l

Sec. XXIIId

Of Marmm.

1Marrons are made in several wabys. We sIia21 first describe
those in cases. Former-s for marrons arc from three-fourths
The paper for
of an inch, to one and a half in diameter.
the cases must be cut twice the diameter of the former; broad,
and suiticiently long to make three revolutions.
When a
case is rolled, paste down the edge, and tie one end close;
and to remove the wrinkles, and make it flat at bottom, put
The tax is then to be
in the former and drive it down.
charged with granulated powder, one diameter and a quarter high, and the rest of the case, folded down tight on the
powder.
The marrons being thus made, wax some strong packthread with shoemaker’s wax, and wind it up in a ball. ‘Then
unwind two or three yards of it, and that part, which is near
the bai!, make fast to a hook. Now take a marron, and
stand as far from the hook as the pack-thread will reach, and
wind it lengthwise round it, as close as possible, till it will

hold no more in that direction; then tut’u it, and wind the
pack-thread
on the short way; then lengthwise aga:n, and
continue this winditjp until the paper is all covct’c.:.
Make
fast the end c-f the pack-thread, and beat down bdth ends of
the marron to bring it in shape.
The method of firing mar-tons is by making a hole at one
end with an awl, and putting in a pici. xi quick match. Then
take a piece of strong paper, in tvhicil wrap the ma-r-on with
two leaders, put down to the vet. _ anr; tit t’li; p.aper tight
round with small twine. These It-&! rs XC ~:int (.it t,i+c’h .ide,
and their loose ends tied to othe;- matrons, and nrr;l~rl, m the
middle, to the rail of the stand,
1\1arron batteric,c are made of several stands, with a numc-1IrC
; h are regulstrd
by
ber of cross rails fo:. tile !-fi’c:‘P,*iil~l 7x3
leaders, by cutting them of il;fL I-c~:‘:i-*ll: ~7;‘: :!:~rt naii;rlg them
tight or loose. This arrangenxrtt,
i!‘.;;. :.: ) i., .~~l:,intended
for a certain purpose.
P?‘or as II~,O:I, 1~.i ; u c L ni;tnaged7
will keep time to a mWch or a piecl: oi 1.; ..,Ic; SC.,1.) r’gulating them in that way, that is to say, by curtin~ rhr had&o
of different lengths and nailing them tiglrt or loose, we may
adjust the time of their explosion by the time of the music.
In forming batteries with &:lrrons, tile large and small kinds
must be used, and the ICI-; for 5:: leaders, or pipes of communication must ha$ e f?3t head:. ‘2.ire mc~~~onsfor service are
a different kind; they txstmbit: e!le inc~ltdiary bombs. See
Fourth Part of the work.
:The other kind of marron for fix-works,
as described by
M&l,
(T&e”
P ractique
des Feux D’Arl~fice
p. ;7,) and
Bigot, (Trait6
LYArtifzce
de Guerre p. 141,) are of a cubical form and of a suitable size for the pot, in which it is to
enter, or of any dimensions, if it be fired alone, or without
being employed as a decoration.
These cubes are filled Ivith
grain powder, and are covered with two layers of packthread, which is bound very tightly, and over this, a coat of
pitch or tar. They are pierced to the powder, and a match
Port-fire has been used,
is adapted in the usual manner.
but is considered to possess no advantages.
The cubical marrons are formed in the following
manner:
Divide a piece of strong pasteboard in such a manner, as
that each division will fortn one of the sides of the cube, as
represented in the following figure.

Pasteboard, formed in the above manner, it is evident,
when put together, wih make a cube. (A) will be the base,
and b c respectively, will form the sides, and d the top, k
k k will come in contact with the edge of three sides. In
d, (the cover), is a hole, in order to charge it, and, if necesThis, however, may
sary, to bold the match and priming.
be attached to either side. All the angles are well secured
with paper pasted over them. The pack-thread must be well
waxed with shoemakers’ wax, before it is wound on it.

Shining marrons are cubes of an inch at least on each surface, and prepared in the same manner as the preceding.
The excess of the match, which is cut off in the former
Cotton is
marron, is sufficient for these smaller marrons.
macerated, or soaked in a paste of the star composition, in
the usual manner, viz: by mixing the composition with brandy, and a small portion of gum, or a solution of isinglass.
The marron is then covered, about a finger in thickness,
with this cotton; or more may be used, according to circumstances. It is afterwards rolled in meal powder, which serves
for priming, and then dried in the shade.
Shining marrons are used in famishing
bombs, fire-pots,
and rockets.
They produce a brilliant effect; a vivid white
light, which finishes with a report,
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Saucissons differ from marrons oniy jr, form.
They are
They are geneintendeit, ilkr: rh~m, for simple detonations.
rallv firrd out of large morlar5 without chambers, the same
as t’hcse tjr algrettes, only somewhat stronger.
Saucissons are made of one or two-ounce cases, five 9r six
inches long, and choaked in the same manner as serpents.
Half the number which the mortar contains must be driven
one and a half diameters with comp::si:ion, and the other
half, two diameters; so that, when f&d, they mtry gi:.e two
Eut, if the mortars are vcq- s~ro:~g,,and
vollies of reports.
will bear a srlficient
charge to throw the saucissons rc-ry
high, there may be three voliies of reports, by di\viding the
number of cases ir~to three parts, and making a difference in
Af‘ter they arp filled, pinch and
the height of the charge.
tie thein at the top of the charge, almost close: only Se:tving
a small vent to communicate the fire to the u;>per part of the
case, which must be filled with grain powder t21-q. near the
top. The end then is to be pinched close and tied, and the
case, bound very tightly with waxed pack-thread,
from the
choak. :“.t the top rrf the composition, to the end of the case.
This wiil strengthen the case, and cause the report to be very
loud.
Saucissons should be rolled a little thicker of paper
When they are to be put in
than the common pr(JprLiO!l,
the mortar, they must be prime d in their mouths, and fired
3~ a case of brilliant fire, fixed in their centre. The charge
fop these mortars should be 14th
or I-8th more than for
pots d’aigrettes of the same diameter.
For flying saucissons, the French make use of c;‘tz~:s of‘
‘I’hey are
three-quarters
of an inch in exterior diameter.
charged,
to the height of half an inch, with the composition
for mosaic tourbillons,
which see. They are then choaked
and bound at this place, and four fingers of grain powder
are put into each, which is then covered with a stopper of
paper. They are then again choaked and bound, and the excess of the case is cut off. They are primed with a piece of
match, using the priming paste at the same time. \Vhen the
saucissons are required to make a louder report, the part of
the case, in which the powder is, should be wrapped round
with pack-thread, much in the same manner as already described, and then covered with glue or pitch.
These saucissons are usually put in the pots of tht: mosaics, some
times in the place of them, and are arranged for exhibition
on the same frame.
We may, if we wish to vary the effect?
TT
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put a saucisson in one pot, and a mosaic in another.
When
thrown in the air, their effect is to occasion a report.
They
first, however, form a tail of fire, and finish with an explosion. Bigot gives the difference between their internal and
external diameters at four lines, or one-third of an inch.
Saucissons may either be used in the manner we have
mentioned or thrown by hand.
According
to their size,
and the strength of the case, so will be the report.
They resemble a thick and short sausage, hence their name.

Of Fire-Pumps.

Sec. XXVI.
\

Fire-pumps
are intended for a particular
use, which we
will describe hereafter.
The composition is the following:
1. Ssltpetre,

.

5 lbs.

Sulphur,
.
.
.
’
‘I Meal powder
l$ (;lass-dust
.
m ’
*
. 1 2. Saltpetre,
.
,
=’
5 lbs. 8 oz.
Sulphur,
,
L
.
. 2Meal powder,
w
.
.
1 --8Glass-dust,
.
1 --8Cases for fire-pumps are &de like’ those for tourbillons,
except that they are pasted, instead of being rolled dry.
In
charging
them, first
in a little meal powder, and then a
star; then a ladleful or two of the above composition, which
ram tightly; then a little meal powder, on that a star, and
then composition
again, and so on unLi1 the case is filled.
Stars for fire-pumps should not be round; but must be made
either square, or flat and circular, with a hole through the
middle.
The quantity
of powder for throwing the stars
must increase as we come near the top of the case; for,.if
much powder be put at the bottom, it will burst the case.
The stars must differ in size in this manner: I,et the star,
which is first put in, be about one-fourth less than the caliber
of thti case; but let the next star be a little larger, ancl the
third star a little larger than the second, and so on for the
rest. Let them increase in diameter till within two of the
top of the case, which two must fit in tight. As the loading
of fire-pumps requires some skill, it will be necessary to
make two or three trials before depending on their performance.
When a number of pumps are filled, care must be taken
not to put in each an equal quantity of charge between the
stars; so that, when they are fired, they may not throw up
l

l

1Jnt

l

l

.

SEC.

XXVlI.]

Volcano of Lemery.

323

too many stars together.
Cases for fire-pumps
should
be
formers,
made very strong, and rolled on four or eight-ounce
each ten & twelve inches long. For the composition and
preparation of stars, see stars.
Sec. XX VI I.

of the Volcano of Lemery.

The artificial
earthquake, or volcano of Lemery, is formed b>. mixing into a paste with water, about equal parts of
sulphur and steel or irdn filings, and burvinq the mixture in
the earth.
The composition in a short time, will grow hot,
and burst out; the earth will break, and open in several
places.
Baume mixed 100 pounds of iron filings and the same
quantity of sulphur together, with water, and rammed the
mixture into an iron pot. After ten hours, the mass swelled
up and grew warm, aqueous vapours arose, and the mass
burst. Ten hours afterwards, the heat, vapours, 4~. greatly
increased, and a flame issued forth, lasting only from 9 to 3
minutes. Finally, the mass became red-hot, and the burning
and heat continued 40 hours longer; but without flame.
We may merely remark, that this effect is produced by the
chemical union, which takes place between the sulphur and
iron, forming a sulphuret of iron, analogous in composition
to the native martial pyrites.
The water is at the same
time, decomposed, during which the misture swells, becomes
hot, and throws up the earth, producing at the sa,me time a
large quantity
of sulphuretted
hydrogen
gas. This gas is
formed by the combination of a part of the: sulphur with the
hydrogen of the water; whilst the oxygen, the other &ment
of the water, goes to oxidize the metal and to acidify the remaining sulphur.
Hence sulphate of iron, or green vitriol
is produced. The experiment
may be made in a common
basin.
It is a remamble
fact, that spontaneous combustion,
which takes place without the application of an ignited body,
ensues in a variety of instances; and new facts daily occur,
which show, that cases of this kind are more numerous than
we had rtason to suspect. Besides the old and well known
effect of quicklime, pyrites, pyritous schist, kc. in producing spontaneous combustion, it is found, that ashes and oil,
oil and cottou, and a number of substances have set fire to
cotton mills, and other works.
It is known, that, in the slaking cf quicklime,
a considerable degree of heat is produced,
This is owing to the
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solidification
of the water, or its union with the lime in the
form of a hydrate, and the consequent change, which the
caloric undergoes from a latent to an uncomlAned state.
Hence inflammable
substances, in contact with lime, under
these circumstances, are necessarily set on fire.
Spontaneous combustion arises simply from a play of
The following
general observations on
chemical affinities.
this subject are given by Nicholson, (Chemical Dictionary);
and an enumeration
of the effects may lead to cautions of
importance for preventing serious accidents: “ If quicklime,
in any quantity, be laid in contact with any combustible, as
wood, and be wetted by accident, or to make it into mortar, a sufficient quantity of heat may be extricated to set fire
to the wood. Animal or vegetable substances, laid together
which often
damp in large heaps, undergo a fermentation,
excites combustion, as in the case of hay-ricks. Wooilen
cloth, not freed from the oil used in dressing it, and laid up
damp in large heaps, has been kno\rn to ta”,c fire; and so has
painted canvass. Flowers and hcrljs boiled in oil, as is done
by druggists, and then laid in heaps, sometimes do the same.
The mixture of linseed oil and lampblack, or of linseed oil
and black wad, is very liable to inflame.
Torrefied
vegetables, as malt, coffee, or bran, put while hot, into coarse bags,
are apt to take fir-c. The spontaneous combustion of phospor-us, and various pyrophori,
is well known. It is suspected
to be owing to the presence of one or other of these, that
charcoal sometimes takes fire without
any apparent cause;
and the charcoal of peat is said to be particularly
liable to
this. Hyperoxygenated
muriate of potassa, mixed with sulphur, or with sulphur and charcoal, is apt to detonate spontaneously .
“ Many cases of spontaneous combustion taking place in
the human body too are on record: and it has been observed, that all the persons, who thus suffered, were much addicted to the use of spirituous liquors.”
Set‘. XX VI I I.

Of the blue and green MutcI2,
Devices, and Decorations.

for

Cyphers

We had occasion to mention, that blue and green flame
may be produced by employing
sundry substances, which
have the property of changing the colour of flame.
This is
effected in the present instance,
For the preparation of the match, we melt one pound of
roll brimstone in a glazed earthen vessel, over a slow fit-c,
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Meteors.

and add one ounce of finely pulverized
verdigris, and half
an ounce of antimony. The cotton f+,r the match, may be of
any length and thickness, as we judge proper; and is to be
immersed, and well soaked, in the wetted sulphur, having
previously put in the verdigris,
and antimony, Sulphur alone
will form a blue light.
The matches are afterwards
tied to a rod of iron, which
is bent according to the design we purpose to form, and to
which they are fastened with a very fine iron wire, called
They are covered with priming paste, and a
the carcase.
quick match is tied along the whole length. They are then
covered with bands of gray paper, and a piece of port-fire
is fixed on the end, to communicate fire.
Sec. XXIX.

Of the Purple

or Violet

Match.

The design is made, and the match is attached, in the
same manner as described in the last section; but without
bending it. The preparation is as follows: Make a decoction
of jujubes, which have been pealed, and stoned, and thicken
it by adding as much of the flour of sulphur, as will bring it
to a proper consistence.
The cotton is then covered with
this mixture, in the manner before stated; its thickness to be
according to the time required for it to burn,
determined,
While hot, the match is primed by rolling it in meal powder. It is then suffered to dry.
The design, it is to be observed, ought to be supported at the distance of four or five
inches from the rods which hold it, by small cross pieces of
iron, to prevent it taking fire; a circumstance necessary to be
guarded against.
Sec. XXX.

Of Meteors.

Artificial
fire-works, to resemble meteors in the atmosphere, have, if properly prepared and exhibited, a b&liant
appearance.
The composition must be projected to a great
height,
which is either done by rockets, or from mortars.
Meteors are made in the same manner as shining marrons,
which we have already described, except, however, that they
are of a very large size and usually weigh ten pounds. The
larger they are made the better, and the more grand is their
Marrow.
effect. Sre ‘Yhining
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A rocket is a flying fusee, (E&es
Volantes of the French),
forrned
with paper, of a cylindrical
shape, and filled with a
composition
of certain inflammable
substances,
being pierced
It is furnished
with a stick,
in the diameter
of its length.
serving
as a counter-weight,
or balance,
to guide it vertically in its ascension.
It carries generally
different
garnishes,
or furniture;
as stars, serpents,
fire-rains,
marrons,
meteors
&c. which
are thrown
off, and produce
an elegant appearance, when it terminates
its flight.
Rockets
have been applied
to several
uses.
Thus, the
war-rocket,
as an incendiary,
improved
b) Congreve,
and
the signal rocket,
are some of its applications.
These, however, are modified
:br the purpose,
and will be spoken of
hereafter.
The Indian
rockets,
called
Fougette
(Baguette
d
of the I’rcnch)
will also be noticed.
Although
a~ a fit-c-work
for exhibition,
the rocket mav be
considered
the most grand,
and, especially
when furnished
with various decorations,
the most brilliant,
vet its utility
for
jMilitary
and Naval
purposes is acknowledged
b!; all.
When
treating
of sundry preliminary
eperatlons
in the
second Kart of this work, we had occasion
to introduce
the
subject
of rockets,
as respects the formation
of their
cases,
the manner
of charging
and driving
them, with the tools re- .
quired,
and the boring
of rockets,
when they have been
driven
solid.
‘These subjects
may be found in sections
iv,
v, and viii.
We purpose, however, to make such observations as may, with the remarks
heretofore
offered,
furnish
the reader with a general knowledge
of the making,
decoOn the theory
of the
rating,
and discharging
of rockets.
ascension
of rockets, motion
of fire-wheels,
&c., and observations
on the rocket principle,
consult
the chapter
in the
first part of the work, concerning
the theory
of particular
fire-works.
For the manner
of uniting
sheets of paper
of
several thicknesses,
for cases, see J’usteboaua’.
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half an inch to three inches. Different opinions have been
entertained respecting the proper proportions.
Some contend that the height should be always regulated by, their exterior diameter.
On this subject, several exptrlments,
it
seems, have been made by an experienced artist, M. Morel,
not only to determine the length, which is best calculated to
produce the maximum of ascension, but also with respect to
the length compared with the caliber of the case.
The following tab1 es are necessary in the formation of rockets. The first shows the size of the caliber of the mould, for
rockets of a pound weight, and below; and the second pollits
out the size required for the caliber of moulds, from one
pcfund to fifty pounds.
A lb. rocket, it must be observed, is
that which is just capable of admitting EI leaden bullet.of a
pound weight, and so of the rest.
TABLE

I.

Size of

the

caliber

and below

Weight
IRockets
i

of

moula’s

<f a

pound

zmi~ght,

to an ounce.

of]

ounces.

Were, it is evident, that the mould of a rocket of twelve
ounces in weight, ought to be seventeen lines (12 lines to
the inch) in diameter; and one of five ounces, will require a
mould of thirteen lines in diameter.
Hence, we derive an
easy method of finding the size, when the weights are given:
and, if the diameter of the rocket be given, it will be equally
easy to find the weight of the ball, corresponding
to the
weight of that caliber.

Rockets, and their Appendages.

Pound:

Caliber.
-w
1
100

2
n
P
5

6
7
8
9
10
I1
12
13

126
144
158
171

181
191
"(:: I
!a%
215
222
228
235

‘ounds Caliber.
--B
14
15

16
17
18
19
20
21 I
22
23
24
25
5% I

241
247
252
257
262
5357
271
275
286
254
288
292
296

[PT.
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-_-- 1
o,Li
CB?O
28
29
30
31
5%
‘-33c1
34
35.
36
33
3"8

so-4
307
310
314
317
320
323
326
338
333

11t.

Pounds

1
1
i
I

536 1

40
41
42
45
4 -1
4,;
46
47
48

49
50

CH.
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Caliber
I
341
344
347
350
3 53
355
358
361
363
366
368

39 6 3 3-_9 1

By this second table, if the weight of the ball be given,
the size of the mould may be found: suppose it be eighteen
Then we say, by
pounds; opposite to it is the number 262.
the rule of proportion, (as 19 l-2, see Table 1, is supposed to
be divided into a hundred parts) 109 : 19 1-2 : : 26~2 to the
fourth term sought, viz. 51.09; which gives for the required
caliber 52 lines nearly, or four inches and four lines. But
if the caliber be given in lines, the weight of the ball may
be found: suppose the given caliber be 36 lines, then as 19 l-2:
The nearest number in the table to this is
160 : : 36 : 184.
181, which shows that the weight of the ball will be rather
more than 6 lbs; or, in other words, that a rocket, the diameter or caliber of which is thirty-six lines, is a rocket of a
6 Ib. ball.
See G’o12grewe Rocket.
As to moulds to prevent the rockets from splitting in the
act of charging them, Morel observes, that he has never
used them.
He remarks, that a case which will not resist
the force of the charge, cannot resist the violence of the fire.
On the subject of compositions, he observes, that he has
only employed one formula, and, of course, but one standard
proportion for all sized calibers; and is of opinion, that it is
useless to employ an inferior composition, or one with which
we are ynacquainted, when we have a formula, on which we
may rely.
This opinion, however, does not agree with that
of others.
Certain rockets, it is to be remarked, show tails of fire in

their flight,
and others again do not.
This depends entirely
upon the charcoal;
for, if we use charcoal,
made from tender
and light wood, it burns rapidly,
without
producing
a tail of
fire; but if we use the charcoal
of oak or of beech, or of other
hard wood, the rocket will form a brilliant
tail of fire, during
the whole period of its ascension.
It is said, hbwever,
that
the charcoal of light wood, is ligbter
and more inflammable,
and for that reason, better calculated
for rockets;
but, so far
from producing
the eff‘ect, we have mentioned,
a quick combustion
ensues, leaving
no ignited
coal to be acted upon by
atmospheric
air.
It is found by experiment,
that even a little more or a little
less powder,
gives to or takes from,
the composition
its
effective
power;
and, therefore,
that the rockets,
in their
flight, ascend to a greater
or less height.
Some writers
have asserted,
that powder
ought
not to
enter into the composition
of rockets;
but in lieu
thereof,
only its component
parts.
Where,
we may inquire,
is the
di&rence?
The reason, however,
assigned,
is, that rockets
made
with gunpowder
and the other substances,
will
not
keep any-time,
owing to the powder becoming
damp, and the
composrtlon
spr.)iled.
But rockets which have been made in
France and carried
to the East Indies,
and brought
back,
were found, on trial, not to have lost any of their effect.
Different
opinions
have also been entertained,
respecting
the composition
for the charging
of rockets.
Some,
it appears, would employ
a composition
for each rocket, according
to its caliber, pre-supposing,
that the inflamed
matter acquired
force by the increase
of its volume;
without
considering,
that a large rocket has more weight
than a small
one, and
requires
more power to raise it.
Experience
has demonstrated,
that a composition
which
will completely
raise a
rocket of three-quarters
of an inch, will raise, under the same
circumstances
, a rocket of thrl e inches; and, 011 the contrary,
that the last will ascend more slowly,
in consequence
of
having
to encounter
a greater
resistance
in the air, owing to
its size.
Sec. 11. Oj the Composition
on its Preparation.,

of Shy-rockets,
and Observatiom
3’dJ’ds
respecting
Rockets-

ulTaonother

The formulae
we here give, which
we notice separately
d‘rom the others, are on the authority
of Morel,
who, by experience,
has found them to excel :dl others.
Nevertheless,
we purpose
to enumerate
other formulae
for the information
of the reader.
LT 1:

For

rS(um

Another.

met..

1. Saltpetre,

X7 oz. 2. Saltj,etrc,
34 Sulphur,
18 Charcoal,
8 -

Sulphur,
Meal-powder,
Chart*cjal of oak,

I

For IEnter.

Another.

17 r~z./4 Saltpctrc,
3-Sulphur,
4Charcoal,
8 1

3. Saltpetre,

Sulphur,
Meal-pawtict-,
charc:,al of oak,
Another.

16 oz.16.

-

.

.

,

3 oz-

hhJJt?t~f,',

6 0z.j

Saltpe:re,

16

Sulphr~r,

2 oz. S dracbs./

20

-

82 -

rockets of honour,
.

.

I

Charcoal,

Chinese /,b.q~08itionfor
SllIjw-,

44 oz.
4-

Anothe),.

5. Saltpetre,

Sulphur,
Charcoal,

16 oz,
;+ -

.

.

.

.

.

5

ounces,

19 -

ChAl coal, .
.
2A Meal powder,
.
,
:
a0 I 4 -0.4.,
Pulverized
cast iron,
.
I1 Two compositions for rockets c,f ai,r caiikr
are given
Bigot; (p. 122); viz.
l

Rockets

Mcal powder,

c7fdYo?2ouY,

.

Saltpetre,

2

*

l

Suiphur,
p
Charcoal,
.
*
Cast iron, pulverized,

e

I
.

.

-

:

~

.

*
.

B%riictrlnr
S&pCilY:,
Slilphur,
Cbarcc,ai,
ilntjrnony,

’

*

* *

10

parts,
-

2jj5-B?5 -

Compositioa.
*
.

a ’
i

,

*
.

16
4
9
. f!

parts.
-I

~
by

q;%c.
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In the old authors on fire works, there are a variety
of fqr,.
mull
for sky-rockets,
which
will bc found in the following
table;
__ --_. -- -- _. -_-_
___.-_
__--__--M&l

Rinds

Salt-

powderpetre. Charcoal

of Rockets.

Sul.
phur.

Steel.

:

REMARKS.

------VW

---

--*c

lb.02

lb.oz

lb.

oz.

lb.OZ’il!.OZ/

4 oz.

I

40

40

2 0 0 ‘0 0 I

1lo.

8 oz.

1

00

Do.

do.
*1 lb.

1
2

80
00

40
00
80

1goo
orii
440 0 0 0 1
2 10 mgo 4 1

0

0 4

0

8

0

24
04
08

011200

18

00

000

10)

C\0
0 I
05

0 9 0 13 0 1
0 0 0 ;” 0
0 (I 0 it3 0 /i ;n;e proportioir
01 c ~iarcoal ;Y cer1
1tai n!v tot; ,grcai,

E:oclxts,

DO.
I-JO.

111 ~enl:rnl,

DO.

”

I

do.

Do. large fly,
1
Do. of a middling
size 3
1
no.
do.
6
Uo. water,
Do.

do.

lh.
Do.
no.
110.

tlo.
do.
do.
(10.
(10.

DO.

-

001
0
0
- !-”
I0
,. i:
-

:i

Do.
do.
- ~I
no.
do. siukinm
charge,

0 r;
04

0 I
04
0,4
4 1
0 .;
1
i

:, 1;/,“,

1

‘0

0

00
600’04&
00 I?. 0 0
01 12 0 0
I/
o/o
0 0 0
010 2 0 0
a!/() 8,; (1 (Jij
I

iI:

i

I

;;

1

0

1

I

(
0
1
2
0
1

4
8
0
sg
0

-

Sea-coal,

saw-dust,
i

iCO~~~‘Sk?cllar.~

/ij z 1: i ~q,,dl~lst,

1 OZ.

2 oz.
Oz.

2 oz.

The charcoal ought not to be pulverized
very fine. it :,.‘ri::uld
be- passed through
a coarse wire sieve, and *the impalpat)lc
powder then separated,
by submitting
the sifted charcoal
to
the same operation
in a finer sieve.
The fine charcoal
may
be used for stnall fire-works,
The instructions,
hc:retofr,re
given, for the mixture
of comxxsitions
must be attenrfeci to; as: for instance,
when we have
&eighed
the powder, nitre, and sulphur,
the whole are to be
incorporated
in a mortar,
ancl then passed three times through
a large sieve.
Afterwards
adc! the charcoal,
which is mixed
thoroughly
with the hand. (See the ~~lji:int:;pr~~ </‘ LT:iGsttuzces),
part second.
With
respect to ti!c r:immei‘j,
t& n:ode of
charging,
Src. see section iv, of part stconti.
In charging
cases of half an inch ca:lb;r,
fiCt:tezn blows
with the mallet
must lx given; 1:)1* ti:r!*r: ynarters
of an itch,
f Jy l: :: ; .‘9.” 6;~:; bloats; for one x-14 rg
twenty blows; f-6* 017~ i&h,
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quarter inches, thirty blows; one and a half inches, thirty-five
blows; for two inches, forty blows; and for three inches, fifty
blows;-that
is to say, the number of blows must be given to
each charge put in, which ouqht to occupy half the interior
diameter of the case. ‘l?he rammer must be frequently taken
out, and struck, so as to disengage any of the composition,
which may adhere to it. Respecting the accuracy of the
charge, see -Table rocket, in the chapter on Tublejre-works.
The garnishing, or furniture,
should not exceed, in any
case, one-third the weight of the rocket.
The head is made
of pasteboard, first moistened, and then rolled round a conical former.
It must enter the mould, and, when inserted,
ought to be pasted round the juncture with paper. (See sec.
iii, and iv.
With respect to rocket sticks, as they are used for counterter weights, Morel remarks, that, for rockets up to an inch
and a quarter, they may be formed of the branches of light
wood, as hazle, elder, &c. and for rockets above that caliber,
heavy wood, but perfectly straight and without knots, may be
used. As a general rule, the sticks are made ten or twelve
times the length of the rocket, and in thickness about onethird of the exterior diameter of the case. In the large end
of the stick, there is a gutter or groove, formed to receive
When branches are used, they must also lie
the rocket.
straight, and cut flat at the large end, about half their thickness, so that they may be joined to the rockets with a packr
thread, or fine iron wire. If the stick is too weighty, it may
be shaved off the whole length.
Rockets, we may remark,
that are not well balanced by the stick, will not ascend reIf the stick be too li$lt, they will rise in a zigzag
gularly.
direction; but, if too hc-avy, their accelerated force will be
diminishetl, their motion slovy, and, when they arrive at a
certain height, they will fall in a semicircular position. (See
section v, of this chapter, oft the Dimensions
and Poise of
r-o&et sticks.

We may further remark, that all rockets are formed and
proportioned
by th c diameter of their orifice.
When the
height is six and two-thirds diameter, the foot should be one
The choak of the mould, if used,
diameter and two-thirds.
is one diameter and one-third in height, which must be made
our :lf the same piece as the foot, and fit tight in the mould.
TII( ~3 must be an iron pin to keep the foot fast. The nipple
is h.llf :1 diameter high, and two-thirds
thick, and made of
thl> .;ame mc-tal as the piercer.
The height of the piercer is
three and a half diameters, and at the bottom one-third of 2

Contjmsition
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diameter thick, and from thence tapering to one-sixth of a
The best mode of fixing the piercer in the cylindiameter.
der, is to make that part below the nipple sufficiently long to
The
go entirely through the foot, and rivet at the bottom.
former or roller, for the cases, is seven and a half diameters
from the handle, and its diameter is two-thirds of the bore.
The end of the former is one diameter
and two-thirds long,
and oi the thickness given above. The small part, which fits
in the hole in the end of the roller, when the case is pinched,
is one-sixth and one-fourth of the diameter of the mould
thick. The first drift, or rammer, must be six diameters from
the handle; and this, as well as all other rammers, must be a
little thinner than the former, to prevent the sacking of the
paper, when the chargr is driven.
In the end of this ramSeveral hollow
mer must be a hole to fit over the piercer.
rammers are used in completing the charge.
(See our remarks in part second on Chargir~g
of cases.)
The diameter of the nipple should always be equal to
that of the former. With regard to the thickness of moulds,
it is immaterial,
provided
they are substantial and strong.
Solid driving is more expeditious than charging over a Fiercer; but great labour and attention is required in bormg
them, an account of which, with the apparatus required,
may be seen in Part second.
The following table of the dimensions of rocket-moulds,
if the rockets are rammed solid, may be useful.
Length of their
Weight, of
rockets.
lbs.

oz.

moulds
without
their feet.
’
--

6

0

4 0
2 0
1

0

0 8
0 4
0 2
0 1
0 og
6 drachms.
drachrns.
-- 4----

111ChCS.
34.7

38.6
13.35
12.25
10.125
7.75
6.2
4.9
3.9
3.5
2.1

Internal
Gameter of 1he nloulcls

Height
of the
nipples.

Inches.

inches.
--

3.5
2.9

1.5
1.4

2.1

1.0

--

1.7
0.85
1.333 &c.
0.6
1.125
0.5
0.9
0.45
0.7
0.35
0.55
0.25
0.5
0.225
0.3 .. ..- -- - -._-_- 0.2 -.w--

:; ; 4
Jet.

III.

Of

thr Heading

of

Rockets.

I’he heads for sky-rockets must always bear a given proportion to the rockets.
A pointed cap, adapted to the summit, wiIl make a rocket
ascend to a greater height, as it serves to facilitate its passage
through the air. ‘I’o these rockets may be added several
other things; as a petard, which is a box of tin plate, filled
with fine gunpowder, placed on the summit.
‘I’he petard is
put on the composition, at the end, when it has been filled,
and the remaining paper of the cartridge is folded down over
it, to keep it firm. The petard produces its effect, when the
rocket is in the air, and the composition is consumed.
We
have already remarked, that the upper parts of rockets, that
is to say, their heads, are generally furnished with some compositian, which takes fire, when it has reached its greatest
height, emits a considerable blaze, or produces a loud report
and whizzing noise. Of this kind arc saucissons, matrons,
‘I’he heads of sky-rockets, .are,
stars, showers of fire, kc.
therefore, furnished with a variety of compositions.
When a rocket is five diameters, and one-sixth in length,
the case being cut to this length, after it is filled, the head
should be two diameters high, and one diameter l-6 th, and
I (7 in breadth.
The perpendicular
height of the cone, or
~1;; oi‘ the head, must be in diameter, one, and one-third,
There is a circular collar, to which the head is Exe,!, t\~rned
out of any light wood; its exterior diameter nlzlr;t IX: equal tta
the interior diameter of the head. One-sixti? is ~ui?ic~ent for
its thickness, and round the outside rn~;~,t be a groove.
‘1%e
interior diameter of the collar should not be quite so wide as
the exterior diameter of the rocket. When it is to be glued
on the rocket, two or three rounds of paper are to be cut off,
which will make a shoulder for it to rzst upon. Two OY three
:-ounds of paper well pasted, will be sufficient forth< head. Put
the collar on the mandril, or former, which m:.rst fit the inside
uf the cone when formed; then, with a pinching cord, pinch
the bottom of the head into the groove, and tie it with small
twine. To make the caps, cut the paper in round pieces, equal
in diameter to twice the length of the cone, which is to be
:l?ar’lc. These pieces, being cut into halves, will make two caps
n:*l. P:!cte over the caps a thin white p3pc1-, which must he a
C:;lL
littic lounger than the cone, so as to prc>.jtactabout halfnn inch
l,clo~- r,‘lc botzr:n:: this l,nJjection
of i>aper being matched and
pstc‘d,
SC:
x-es :o fasten the cap :o the head, A conical fobs\:;
cr is used to si:;tj~ the head*

*
t

Having, in the preceding section, shown the motlc of form
ing heads, or conical caps, for rockets, WC may now remark.
that the furniture or decorations for rockets consist of star?,
of different kinds, such as tailed, brilliant, whitr, blue, ycllow, 23~. or gold and silver rain; or serpents, crackers, firescrolls, or shining marrons, or small rockets; the kind of thl
decoration depending entirely upon taste and fancy.
In loading the heads of rockets, a lacllcfu! of powd~;
must be put into each head, along with the decorations.
This is absolutely necessary in order to burst the head and
disperse the stars, &c.
Various experiments hav i been irsti:utrd, to make rockets,
by employing sundry compositions
for charging the cases,
along with the rocket cotnposition,
to prod~~~~, like the ~CSKL
of rockets, when they burst, dif?I>rent appearances. M. hIn~1 informs us, that he made several experiments with th:i:
yiew, but did not succeed. He ascribes the failure to seve2-a1 cause-s; and, in substance, concludes, that such figures
have a greater Wright than rockets are able to carry; that
their irregular fl;rrr:i :md mvvemcnts produce, in the ascension, a co:ltrariet>T of c%cci~,,\vhich impedes their flight; and
that, if they were to succcL-~1, t!:e ra:,itfit>, with which the
fuse passes through the air, n-o&i pr~vcnt any thing being
distinguished.
As such exhibitions are shown with effect,
by the bursting of the head of the rocket, after it has ct-ased
to burn; we are of opinion, that the only mode, which ca:,
be adopted, with success, is the one already described.
F’ol
after the rocket has ceased, or finished, the last portion oi:
fire is communicated to the head, containing the decorations,
which is blown oE, and its contents are inflamed and dispersed.
It is true, however, that, in some compositions, stars, previousl\r made, and therefore not mixed with the composition,
a:-c pLit in the cases along with the charge:
\F’e have an instance of this in the fire-pump,
Roman candle, kc.
The
cases for these are filled in the following order: first with
gunpowder to a certain extent, then a st;u-, then composition;
then powder again, then another star, and so on alternately,
until the charge is completed; but, in this instance, the star, as
well as the gunpowder, is distinct from the composition,
which forms the fire-pump.
For, while the composition performs one part, the gunpowder acts another, by throwing the
mrs out, which, La, thei:- combustion, give the appearance
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they are intended
to produce.
Stars may be formed,
or rather exhibited,
in this way, which, in fact is much after the
manner,
in which they are used for the heads of rockets.
But
the experiments
of Morel
appear to have been made,
with
a view to produce
that effect from the rocket itself, and altogether by the composition,
by varying
or otherwise
modifying it. Star-composition,
it must be observed,
is of a greater
specitic
gravity
than any ordinary
composition,
in consequence of the weight,
and quantity
of metallic
and other
substances,
which enter into it.
Ry arranging
stars in cases,
in the mode described
for the fire-pump,
the effect, we have
spoken
of, always takes place.
In rockets.
however,
which
require
to be driven
with considerable
force, and over ~2
piercer,
they could not be used.

Sec. V.

Of the Dimensions

and Poise of Rocket-sticks.

Although
we have made some oh:rvations
on the size, as
well as the use of rocket-sticks,
in a general
way; yet the
subject being very important,
as rockets, however,
well made,
cannot take a vertic:41 direction
without
them, we subjoin
the
following
table, which exhibits,
at one view, the length,
&c.
of the stick, comt,ared
with the weight of the rocket, and the
poise it must necessarily
have from
the point
of the cone,
‘The centre of gravity
is a necessary
consideration.
TV eight
of
the Length
o f Thickness
rocket.
I the stick. at tsp.
. . ---lbs. oz
IIlCllCS.
S.-e----I6 0
I.5
14 0
4 0
1.2:;
12 10
63
., 0
1.1%
9 4
1
0
0
0
3
0
il
--I__

0
8
4
2
1
04
0: 1

8 2
6 6
5 3
4 1
2 6
2 4
I log

0.72s
0.5
0.3750
0.3
0.25
0.125
0.1

IJ“oisc l’rorn

I

Bre:t~ltl
31’ to-P’
-Zilclles.

SilLilbt’k 31“itIx pGint
iattcn\ .
‘t lv.2. cone.
.--1m--

Inches.
--

1.85
1 A0
1.
o.f30
0.70
0.55
0.45
0.35
0.20
0.15
-

0.73
t?. 6” 43
0.525
0.375
025
0.35
0.15
0.10
0.16
0.5

Ft.

. ----

of

In.

4
1.5
3 9.
I 2 9
2 i:
1 10.5
1 8.5
1 3.
11 0.
8 0,
- -- 5 0.5

The last column expresses the distance from the top of the
cone, where the stick, when tied on, should balance the rocket, so as to stand in equilibrium
on the edge of a knife.
Having
given
the method
of preparing
sticks,
nothing

more is necessary on that head,

except that they should he
cut and planed according
to the dimensions
in the table.
A
groove must be made the length of the rocket,
and as broad
as the stick will allow.
Two
notches
mav be cut on the
opposite
flat side, for the cord which ties on-the rocket
‘The
In fixing on
top of the stick should
always touch the head.
the stick, care must be taken to secure it well.
It is the stick which
gives a proper counterpoise,
without
which the rockets
would not ascend;
and, unless thev were
of a proper length and weight, instead of taking
a vertical
or
perpendicular
direction,
they would describe
a parabola,
or
take an oblique
course, and fall to the ground.
A rocket stick may be made for any sized rocket, although
not expressed
in the table, by asslAming
the data there I;iven, taking care to find the ccntre of gravity.
For the sticks

for war-rockets,
Sec. V.l.

see Co~zg~mc Ro~fi~t.

Of the

Mode

qf

Discharging

KocRets,

Having
completely
prepared
the rockets
with all thei:
~~pcndages,
we consider
in the next place the manner
of discharging
them; in performing
which some care is to he observed.
The old and heretofore
common
manner,
of setting
them off by hanging
tbcm an rlails a.nd hooks, has many objections.
‘The best mode
is to have a ring m:ide of strong
iron wire, large enough for the stick to go in, as far as the
mouth
of the rockets.
Then let this ring be supported
by a
small iron, at some distance
from the post or stand, to whrch
it is fixed; and have another ring fixed in the same rL\L:nner.,
to receive
and guide
the small
end of the stick. Rockets,
thus suspended,
will have nothing
to obstruct
their
flight.
The upright,
to which the rings are fixed by the small iron,
must he exactly vertical.
Two, three, or more sky-rockets
may he fixed on one stick,
and fired together.
‘Their
appearance,
in this case, is very
striking.
Their
tails will seem but as one of immense
size,
and the discharge
from
so manv heads,
at [he same time,
will
resemble
more
the effect of an air balloon.
Rcckets,
for this purpose,
must he made alike in every particular.
If
the rockets
are half-pounders,
whose sticks
are six and a
half feet long,
then two, or three, or six of these are to be
fixed to one stick, the length of which must be nine feet and
thrr-e-quarters.
Cut the top of it into as many sides as there
are rockets,
and let the length of each side be equal to the
length
of one of the rnrkets
without
its head; and in each fif

these sides, let a groove be made. From this groove, plane
it round, down to the end. The rule is, that the stick at top
must be sufficiently thick, when the grooves are cut, for all
the rockets to lie as near as possible, without pressing each
9 t’her. When only t~;‘o rockets are to be fixed on one stick,
let the length of the stick be the last given proportion, but
shaped after the common method, and the breadth and thickIICSC, double the usual dimensions.
JYhen several rockets are placed upon one stick, there
will be some danger of their flving up without the sticks
Cases, when tied on all sides of tl;e stick, cannot be secured
to it by rope passing over notches as before mentioned.
Instead of which, drive a small nail in each side of the stick,
ixtween the necks of the cases; and let the cord, which goes
round their necks, be brought close under the nails. A
t@ck match, without a pipe, is to be fixed to the mouth of
one rocket, and carried to another.
This match will communicate fire at one and the same time.
There is a mode of discharging sky-rockets without sticks,
which consists in usirlg balls of lead tied to a wire two or
three feet long, and fixing the other end of the wire to the
neck of the rocket. These balls answer the purpose of sticks,
when made of a proper weight,
which is about 2-3ds the
weight of the rocket.
They will balance the rocket at the
txual point. To fire rockets, thus equipped, a different mode
must be adopted. They are hung,one at a time, between the
‘tops of wires placed for that purpose, letting their heads rest
The
Qn the wire, and the balls hang down between them.
wires are about three feet long, and inserted in a circle, in a
block of wood, which must lie level, and the wires perfectly
vertical. The diameter
of the circle is two and a half inches;
it is divided into three equal parts, and at each one is a rod
lr wire.
We may intrdduce here a description
of the stands fof
hptddS,
and the giranddr
chests for the$ig%ts of t-ode&
The first is formed of two rails of wood, of any length, supported at each end by a perpendicular
leg, so that the rails
iie horizontal; and let the distance from one to the other be
:$lmost equal to the length of the sticks of the rockets, intendcd to be fired. Then in the front of the top rail, drive square
hooks at eight inches distance, with their points turning sideWlSC
.
- so that, when the rockets are hung on them, the
poin& will be below the sticks, and keep them from falling
or being blown off by the wind.
At the front of the rail alt
4!~c bottom must
be staples, driven perpendicularly
under the

hooks at top. Through these staples put the small ends oi
a liqhted port
the rocket-sticks.
They are fired by applying
fire to their mouths, Two or three seconds will expire before
they ascend.
The gii-andole ches.? is composed of four sides of equal
dimensions; but may be made of any size, according to the
number of rockets to be fired. Its height must be in proportion to the rockets, and higher than the rockets with their
sticks. When the sides are joined, fix in the top, as far down
the chest as the length of one of the rockets with its cap
on. On this top, make as many square or round holes, to receivc the rocket-sticks, as the number of rockets to be fired:
but iet the distance between them be sufficient to prevent
their touching each other. From one hole to another cut a
groove of a sufficient size for a quick match to lie in. The
top being thus fixed, put in the bottom, at about 14 feet distance from’ the feet of the chest. In this bottom, make as
many
large

holes as at the top,
as those in the top.

and all to correspond7

but not so

To prepare the chest, a quick match is laid in ah the
grooves, from hole to hole. Then take the sky-rockets, and
prime them with meal powder, or priming past:, as beforementioned,
and put a bit of match up the cavrty of each,
which should prc?ject out, Put the sticks of the rockets
through
the holes in the top and i~c,ttom of the chest, so that
their mouths may rest on the q~ilcit match in the grooves,
The rockets will then be fired at once. ‘I’here should be a
door in the side of the chest, and also a cover, 10 sacut-e the
rockets until they are required.
The fountain
qf‘ rockets,
an exhibitiou
which fr-t:cpA~
accompanies a display of works, is nothing more than a nLin&
ber of rockets discharged at the same time.
There are some improvements
on the girandole chest, anrt
on the different modes cf discharging a series of rockets.
We may mention one contrivance
for this purpose, as
described by Morel.
Ht is an oblong box furnished with a
double lid, which, when shut, resembles the roof of a house.
‘This box is sixty inches in length, ten inches in breadth, and
nine inches in height.
It rests upon a frame, and has a
bottom in which are one-hundred
holes, to receive the same
number of rocket-sticks, the rockets resting on the bottom
of the box. The lid serves to prevent the access of moisture, and to secure the rockets.
LXo part of the rocket is
seen in the box. They are set off b> first strewing mealpowder on the bottom, which is then in contact with their

.
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~mouths, and applying a lighted port-fire.
They rise out of
the boxz all together, and at the same time. When
fired together, so as to form a j’ight of rockets, the French use
them of three-quarters
of an inch caliber.
may be considered an assemblage of a large
The girand&
number of rockets of various calibers, arranged in gradation;
the largest, occupying the first range, kc. The girandole
constitutes, as a fire-work,
in the language of lMore1, the
$eux

de gomernement.

Similar to this is a contrivance
for the same purpose, but
not so extensive,
and rather differently
formed.
It consists
of a case, in which there are holes to receive the sticks and
support the rockets.
The case is supported by legs; two of
which, working upon a joint, may be extended, and thus
The
the rockets be made to move in any angular direction.
inclination given is hardly ever more than 55 degrees. The
legs are pointed, so as to retain their position. If the rockets
are to ascend vertically,
the two legs, which move in a joint,
are closed.
They are stuck in the ground at the same place,
For the mode of dischargin g the Co?zg’t-eve Rocket, see the
article on Con,pme
Rockets.
Sec. VII.

Oj’the

A~3penduges,

and

Combinations

of Rockets.

WC purpose to notice, in this section, some of the modes
of arranging, combining, and also of varying the effects of
rockets.
When a sky-rocket is fixed with its stick on the top of
another, a fresh tail of fire will be observable, when the seeond rocket takes fire, which will mount to a great height.
The preparation
of’ these rockets consists in filling a two
pounder only: half a diameter
above the piercer, (which must
be observed m this instance,) and its head with not more
than ten or twelve stars; adapting a stick as usual, which
must be made a little thicker than customary.
This stick
must IW cut in half the way flat, and in edch half a groove,
so that, when joined together, they will rect*ive, and be large.
enough to hold the stick of a half pound rocket. The heading
is then performed as before described.
I’he stick of this
small rocket is to be fixed in the hollow of the large one, so
far that the mouth of the rocket may rest on the head of the
two pounder; and, from the head of the two pounder, a leader
is to bz c:irrivtl into the mouth of the small rocket.
FI’heti ski.-rockets are fxed one on the top of another,
they are ca!!ed tozuering rockets, on account of the great

They are made in the followheight to which they ascend.
ing manner:
Fix on a pound rocket,
a l:ra~f Ivithout
a collar;
then take a four-ounce
rocket, which may bt: he:,id::d or bounced, and rub the mouth of it with priming
paste, or meal powder and spirits of wine. Put it into the head of a large rocket with its mouth
downwards,
previously,
however,
inserting
a bit of quick match in the hole made through
the ciay of the
pound-1 ocket, which
tnntcb shoultl be of acs:iScient
length
to go a stnall distance
up the bore of the small rocket, to fire
it when the large one is burnt out. ‘The fotir ounce-rocket
being too stnall to fill the head of the other,
roll round it as
much tow as will make
it stand upright
in the centre of t!le
head.
Then paste a single
paper round the opening
of tIbe
‘The large rocket must
top of the head of the large rocket,
have only half a diameter
of charge ramtned
above the piercer; for,if filled to the usual height,
it would turn before the
small one takes fire, and entirely
destroy
the intended
effect.
When
one rocket is headed with another,
there will be no
occasion for any Blowing powder;
for the force with which it
flies off will be sufficient
to disengage
it from the head of the
first fired rocket.
‘I‘he sticks for these rockets must be a little
longer
than for those headed with stars, rain, kc.
The ctrttuc~~s
~ocbr~c,~ are formed
of two rockets.
When
attached,
one on each side at the top of the stick, they form
a right angle, their mouths
being equidistant
from the stick.
The sticks, for this purpose,
must have all their sides alike,
which should be equal to the br‘adth
of a stick, proper for a
sky-rocket
of the same weight as those intended
to be used,
and to taper downwards
as usual.
They must be long enough
to balance them, and one length of a rocket from the crossstick. The cross-stick
is that to which the cases are tied, n:ld
Each rockserves to preserve
thrt11 steady in that position.
et, when tied on, should
form either
an angle of 46, or GO
degrees with the large stick, or both together
an angle of 90
or II.ZU degrees.
The last, however,
is considered
a preferable angle.
When tying on the rockets,
attention
ought to be
paid to place their head s on the opposite
sides of the crossstick, and their ends on the opposite
sides of the long stick.
Quick-match
is then to be carried
from the mouth of one into
that of the other.
When these rockets
arc to be fired, suspend them between two hooks or nails, and apply fire to the
leader in the middle,
and both will take fire at the same time.
The particular
effect of this rocket
is, that, in rising,
it
forms two spiral lines, or double
worms,
in consequence
of
and the counterpoise
in the middle
their oblique
position;
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(the stick) causes them to ascend vertically.
Rockets, for
this purpose, must have their ends choaked close, without
either head or bounce; for a weight at top would be an obstruction to their mounting. They do not rise so high as sin-.
gle rockets, because of their serpentine motion, and the resistance they meet with in passing through the air. ‘l’his resistance is greater than two rockets of the same size fired
singly.
Iionorury
rockets are nothing more than sky-rockets, except that they carry neither head nor report. They are closed at top, to which is attached a cone. On the case, close to
the top of the stick, a two-ounce case is tied. This last is filled with a strong charge, and is usually about five or six
inches in length, and pinched close at both ends. At the 017‘
posite sides, at each end, a hole must be bored, in the same
manner as in tourbillons; and from each hole, a leader must
be carried into the top of the rocket.
When the rocket is
fired, and has arrived at its proper hc>iglrt, it will communicate fire to the case at the top, which will cause the rocket
and stick to descend very fast to the ground, and, in its descent, will represent a worm of fire.
There are several modes of placing the small case, so as
to produce the best effect. One is by letting the stick rise a
little above the top of the rocket, and tying the case to it, so
as to rest on the rocket.
These rockets are not furnished
with cones. Another
method
is also recommended;
namely,
In the top of the rocket, fix a piece of wood, in which drive
a small iron spindle; then make a hole in the middle: of the
small case, through
which put the spindle, and fix, on the top
of it, a nut, to keep the case from falling off. The case, by
this means, will turn vet-v fast, without the rocket. This method, however, is not p&fen-cd.
One-poutld rockets are considered the best size for this
purpose.
Clrui~ed rockets, as they are sometimes called, are another
modification of the manner of fixing rockets; for the intention
is to make several sky-rockets rise in the same clirection, and
equally distant from each other.
This effect is produced in
the following manner: Take six, or any number of sky-rockets, of any size; then cut some strong pack-thread into pieces
of three or four yards long, and tie each end of these pieces
LO a rocket in this way;-after
tying one end of the packthreat1 round the bode of one rocket, and the other end to
;Lnother, take a second piece of pack-thread, and make one
end of it fast to one of the rockets already tied, and the othz

epd to a third rocket; so that all the rockets, except the outside, will be fastened to two pieces of pack thread.
The
lelle;th of thread, from one rocket to the other, is indeterminate. They must all be of a size, and their heads filled with
the same weight ot‘ stars, or other decorations.
In the mouth of each rccket, a leader is to be fixed of the
same length, and when fixtid, they may be hung almost close.
Tie the ends of the leaders togeiher, and prime them: When
this is fixed, all the rockets will mount at the same time, and
separate as far as the strings will admit.
They will preserve
the same order and distance, if they are rammed alike, and
equzkiv well made.
‘1 he manner of dividing the tail of a sky-rocket, so as to
form an anch when ascending, is thus performed.
Having
some rockets made, and headed according to fancy, and tied
on their sticks, get some sheet tin, and cut it into round
;~ieces of about three or four inches in diameter.
Then, on
the stick of each rocket, under the mouth of the case, fix one
c,f thcs pieces of tin, sixteen inches from the head of the
roc;i;~ t, and support it by a wooden bracket as strong as possible. ‘I-he use of this is, that, when the rccket is ascending,
the fire will piav with great force on the tin, which will divide the tail in such ;1 manner, as to form an arch.
If there
is a short piece of port-fix,
d CA strong
charge, tied to the
end of the stick, it will add gi.<;ttl\., to the appearance; but
this must be lighted before fire is put to the rocket.

Although
swarmers are nothing more than rockets ei L
sma!ler size, as frotn two ounces downwards, and are charged with the usual rocket composition, which we have desscribed; yet it may be necessary to make some remarks respecting
them.
S;:+armers are sometimes fired in flights, or in a volley,
far;ti in large aquatic fire-works.
They are bored in the same
znai,ifr-r as large rockets, or pierced in the act of charging
th%.~1. ‘I’his is the case with those of one and two ounces,
A!1 rc!cl<ets, however, under one ounce, are not bored, but
must be filled to the usual height with compositioil.
The
number of strokes for ramming these small swarmers is not
material, provided they are rammed true and moderately
hard.
The necks of unbored rockets must be in the same
proportion as in common cases. The composition, with whit!>
small swarmers are charged, generally consists of

Meal-powder,
Charcoal, or steel-duSt,

.

.
.

oz.
$ oz.

4

.

As to the swarmers which are pierced, or bored, oiz.
of one and two ounces; they are made, we observed,
Sane manner as lnrgc rockets, with the exception, that,
beaded, their heads must be put on without a collar.
number of strokes for driving one-ounce cases must be
and for two-ounce, twelve.
Sec. IX.
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We have given, in a preceding chapter, the composition oE
varicus stars, which are used for the decoration of skv-roc:k e
ets, and other species of fire-works.
We .shall, thcxrc-fore,
confine ourselves to their application, and the different modes
of preparing them for this purpose.
Scrolls are used as furniture,
or decorations for sky-rockets, and are so named from the spiral form they assume,
when fired very quick in the air. We may put into the head
Cases
of a rocket, as many of the cases as it will contain.
for scrolls should be four or five inches in length, and their
interior diameter, three-eighths
of an inch. One end of these
cases must be pinched quite close before it is filled; and,
when filled, the other end must also be closed. Then, in the
opposite sides, make a small hole at each end, in the same
manner as in tourbillons, and prime them
lyith priming paste,
or meal-powder
and brandy.
Strung Stars, so named *from !laving a cotton quick match
run through them, arc f5:.,:n:ccf i>!: taking some thin paper,
and cutting it into l:ic>ccs of about one and a half inches
square, and laying on eai-t-r piece, as much dry star composition as the paper, when folded, will easily contain. The paper, with its contents, is then twisted up as hard as possible.
When done, rub some paste between the hands, and roll the
stars between them, and afterwards
dry them. They are
then covered with tow, and primed with a paste composed
of meal powder, and brandy, in v;hich they may be rolled
in the same manner as described when treating of stars.
They are then dried and strung on cotton quickmatch, by
piercing a hole through them, taking care to put but ten or
twelve on each match, and placing them at the distance of
tilree or four inches apart.
‘IrbiZ& stars
are those which produce a great many sparks,
representing
a tail like that of a comet, Of these, there are

szc. x.3
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two kinds, the rolled and the drove.
The operation for the
rolling of stars, we have sufficiently
explained;
it consists
in mixing the composition with brandy, or, if it can be had,
with spirit of wine, and either weak gum water, or isinglass
size, sufficient to make a thick paste; and then rolling it.
When tailed stars are to be driven, the composition must
be moistened with spirit. of wine, or if it cannot be had, with
fourth proof brandy, without the gum, or gelatin, and not
made so wet as for rolling.
One or two-ounce cases, rolled
dry, are best fcr this purpose; and when they are filled, unrol the cases within three or four rounds of the charge, and
all that is unrolled must be cut off.
Then paste down the
loose edge; and iu two or three clays afterwards,
cut them
in pieces of five or six-eighths of an- inch in length; then melt
some wax, and dip one end of each piece into it, so as to
The other end must be covered
cover the comnosition.
with priming Gaste.
D-owe
stars are so designated, because the composition is
stars
always drove, and used in cases. l’hey are seldom put in
rockets, but are chiefly used for air-balloons.
They are put
in cases, to prevent the composition from being broken, by
the force of the blowing powder in the shell. See Air-B&
Air-BalJOOTlS.

With respect to .YD,&~~ stars, we gave,
gave, in our chapter on
star compositions, not only the proportion of their ccrnstituent parts, but ample instructions for preparing them for use.
They are usually about the size of a musket ball; but sometimes they are made an inch in diameter. When very small,
they are called sparks.
See Stars.
Sec. X.

Of Line-RocRets

and their

Decorations,

Line-rockets are the same as the couratines
of the French,
or rockets that fly along a rope.
If a rocket be attached to
an empty case, and a rope passed through the latter, and
stretched horizontally;
and if the rocket be then set in fire,
it will run along the rope, without stopping till the matter it
contains is exhausted.
Line-rockets
do not differ materially from sky-rockets, as
they are made and driven like them; but they are without
heads, and the cases are cut close to the clay.
They are
Four or five,
sometimes made with six or seven changes.
however, are the most common,
\Ye must first have a
piece of light wood, turned round, about two and a half
inches in diameter, with a hole through the middle, lengthYY
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wise, and sufficiently large for a wire to go easily through,
If four changes are required, four grooves must be cut in thk
swivel, one opposite the other, to lay the rockets in.
Having rubbed the mouths of the rockets with wet meal
powder, lay them in the grooves, head to tail, and tie them
fast. From the tail of the first rocket, carry a leader to the
mouth of the second, and from the second to the third, and
so on to as many as there are on the swivel, making every
leader very secure; but in fixing these pipes, care must be
taken, that the quick match does not enter the calibers of
the rockets.
The rockets being fixed on the swivel and
ready to he fired, have a line, 100 yards long, stretched, and
fixed up tight, at any height from the ground, but placed
perfectlv horizontal.
1 his length of line will answer for
half-pound rockets, but, if larger, the line must be longer.
One end of the line, before it is put up, is to be put through
the swivel; and when the line-rocket is fired, let the mouth
of that rocket, which is set off first, face that end of the line
where the operator stands, and the e,Kect will follow in SUCcession, viz: the first rocket will carry the rest to the other
end of the line, the second will bring them back, and they
will continue running out and in, according
to the number
of rockets.
At each end of the line, there must be a piece
of wood for the rocket to strike against, to prevent injury to
the line Let the line be well soaped, and the hole in the
swivel very smooth.
In order to varv the appearance, different
decorations
may be used with t-he line-rockets;
of these,Jl’yi7~~4~ ~I~~u,~oxs,
Mercuries, &c. are the most conspicuous.
Another motion
may be given to them, that of revolving,
in the following
manner:
Have a flat swivel, made very exact, and tie on it
two rockets obliquely, one on each side; which will make it
turn the whole length of the line, and form a circle of fire.
The charge for these rockets, should be a little weaker than
that usually employed,
It is apparent, that a variety of figures may be put in motion, and consequently new appearances formed, by different
contrivances.
To represent, for instance, two,fighting
drapns, we must have two swivtls, made square; and on each
swivel, tie three rockets together, on the under side. Then
having two flying dragons, made of tin, fix one of them on
the top of each swivel, so as to stand upright, and in the
mouth of each dragon, put a case of common fire; and
another at the end of the tail. Two or three port-fires may
also be put on the sides of their bodies
to illuminate them

Put them on the line, one at each end; but let there he a
swivel in the middle
of the line, to keep the figures
from
striking’
together.
Before the rockets arc fired, light the cases
on the dragons, and, if care be taken in firing
both at the
same time, they will meet in the middle
of the hue.
They
The line
will then turn, and run back with great violence.
for these rockets,
must be very long.
8ec. XL

Of Signal

iSk$-Rockets.

Signal rockets
seldom exceed a pound in weight.
Those
which
are employed
in the laud and sea service,
are somctimes
capped,
or headed,
and contain
stars, serpents,
&c.
Two sorts of signals nre used when artificial
works are tobe
exhibited;
namely,
one with serpents,
and the other w’thout.
Rockets which are to be bounced,
must have their cases made
one and a half or two diameters
longer
tliaI> the common
proportion,
and, after they are filled, a small quantity
of clay
is put in.
Then bounce and pinch them in the usual manner, and fix on each a cap.
Signal
sky-rockets,
without
bouncers,
are only sky-rockets
closed and capped.
‘I’hese
are very light,
and, therefore,
do not require
such heavy
sticks as those with loaded heatls.
Signal rockets,
with reports,
are fired in small
flights;
and are often, as well as
those without reports,
used lor signals of the commencement
of an exhibition
of fire-works.
Signal rockets may be seen at a great distance,
and observed instantly,
when neither
flags nor telegraphs
could
be
observed
without
glasses; and may he so formed,
as even to
communicate
particular
orders
or intelligence,
by varying
their decorations,
their mode of ascension, as in the caduceus
rocket, and by sev*:~l
other means,
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DENOMINATED

AIR-

Before we notice
the various
kinds of wheel-works,
and
their appendages,
we purpose
to consider
the formation
of
gerbes, air-balloons,
mortars,
bombs,
tourbillons,
aigrettes,
and some other works.
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In prepar
. s ing cases for gerbes, it is necessary that they
should be made strong; as they would be liable to burst, on
account of the strength of the composition, which comes out
wi:h great velocity.
They should be of the same thickness
at rap and bottom, and the paper well pastrd.
Their necks
sh.kul4 be long, in which case, the iron would have more
tllr’l’
to be heated, by meeting with more resistance irb its
disengagement, than if the neck was shorter; for then it wC;llld
be burnt too wide before the charge was consumed.
Long
necks will throw the stars to a greater height, which will
not fall before they are spent. They should rise and spread
in such a manner as to resemble a wheat-sheaf.
Gerbes are generally made about six diameters long, from
the bottom to the top of the neck. ‘Their caiibrr must be
one-fifth narrower at top than at bottom. Their neck IS onesixth diameter, and three-fourths
long. There- is a wooden
foot or stand, on which the gerl)e rests. This may be made
with a choak or cylinder, four or five inches long, to fit the
inside of the cast”, or with a hole in it to put in the get-be;
both these methods will answer the satne end. In the charging of gerbes, there will be no need of a mould, the cases
being sufficiently strong to support themselves.
Uefore this
operation is commenced, we must be provided with a piece
of wood made to fit in the neck. if this precaution is not
used, the composition will fall into the neck, and occasion a
vacancy in the case, which will inevitably burst it, the moment the fire reaches the air. A weak composition should be
put in at first, to the quantity of one or two ladles full. After
the case is filled, take out the piece of wood, and fill the
neck with slow charge.
Small gerbes, or white fountains, as they. are sometimes
called, are usually made of four, eight, or sixteen ounce
cases, of any length, taking care to paste, and otherwise
make them very strong,
Before they are filled, however,
drive in clay one diameter of their orifice high. When filled,
bore a hole through the centre of the clay to the composition.
‘The ordinary proportion
will answer for the vent, which
rnust be primed with a slow charge. Large gerbes are made
by their diameters, and their cases at bottom one-fourth
thick. The interior diameter of a gerbe is found, by supposing the exterior diameter of the case., w?:en made, to be five
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inches, by taking two-fourths
for the sides of the case, and
there will remain two and a half inches for the bore.
Gerbes produce a brilliant
fire, and appear remarkably
beautiful, when a number of them are fixed in front of a
building.
The composition of gerbes is similar to that of the Chinese
fire. It is to the cast-iron, which enters into it: that its beautiful effects are to be ascribed. III fact, the composition of Chinese fire differs considerably,
as we shall notice, when. we
treat of it, according to the purpose for which it is employed. I[t is adapted, for instance, in various proportions of its
constituent parts, to ctilibers of different diameters, cascades,
representation
of palm trees, as well as for large and small
gerbes. The old formula for gerbes is tht: following.

Meal-powder,
Beat cast-iron,

, *

.

.

.*

6 lbs.
2 lbs, 1s OX,

The present formula, as we remarked when speaking 0%
compositions for calibers from three-quarters
of an inch to
an inch, is snltpetre I oz, sulphur 1 oz, meal-powder
8 oz,
charcoal I oz, and pulverized
cast-iron 8 oz.
The vivid and rapid combustion which ensues, when this
composition is inflamed, cannot be accounted for in any other
way, than that the nitre is acted upon by the sulphur, the
charcoal, and the iron; that the gunpowder,
during its combustion, raises the temperature to the degree nerc-ssary for
the decomposition of the nitre by the substances
mentioncd;
that sulphurous
and probably sulphuric
acid, as well ;LS.
carbonic acid, are generated, by the union of the sulphur am!
carbon with a part of the oxygen of the nitre; that the iron
undergoes a combustion, both in contact with the nitre and
with atmospheric air; and, lastly, that the efict, which chaand other similar compositions,
racterizes this composition,
into which cast-iron enters, as in the celebrated Chinese fire,
as to be attributed to the iron; and the appearance which iron
assumes, when in a state of combustion,
is owing to no
other cause than its rapid combination with oxygen, by which
she metal is oxidized, (See Iron, in I’aart I.)

Ilt may not be Impropw,

in this place, to give the manne‘r
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of forming paper mortars. These mortars are necessary i’oz
a variety of exhibitions, as will appear hereafter.
Mortars are made of stout paper; or several sheets are
pasted together, and made into pasteboard, in the nxmner
before described.
The preparations are
(See Pasteboard.)
various according to the size required.
For a coehorn mortar, which is 4 inches and %-5ths in diameter, roll the pasteboard on the former, on which it is made, 16th of its diameter thick, and, when dry, cut one end smooth and even; then
nail and glue it on the upper part of the foot. Afterwards
cut off the pasteboard at the top, allowing for the length of
the mortar, two and a half diameters from the mouth of the
powder chamber.
The mortar is then bound Cound with a strong cord, wetted with glue. ‘The bottom of the foot, it being turned out of
elm, is one diameter and two-thirds
broad, and one diameter high, and the part which goes into the mortr:r is twothirds of its diameter in height.
The copper c:l:;un!:er for
the powder, which is separate from this, is made in a conical form, and is one-third of the cliametcr wide, and one and
a half of its own diameter long. In tbe centre of the bottom
of this chamber, make a small hole, a short distance down
the foot; this hole must be met by another of the same size,
made in the side of the foot.
If these holes are made true,
and a copper pipe fitted into both, the mortar, when loaded,
will prime itself; for the powder‘will
naturally fall to t.1;~:
bottom of the first hole.
By putting a piece of qaic!: nintcl:
to the side, it will be prepared fbr firing.
When mortars of a larger size than tr-n i:lches in di:lmetcl
are required,
it is better to have them made of brass. See
further
ob:jcrtrati<>ns on this subject in section seventh ot‘
this chaptc:., in the artic?e on_/ire-pots.
SLN. 1IL
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Shells are filled with a variety of pyro-preparations,
as
stars, rains, serpents, &CC. ‘These are put in first, and then
ahe blowing powder, as it is called; but the shells must not
They must be introduced
into the shells
be quite filled.
:hrou&
the fuse hole. Some substances, however, as marXXX, being too large to go through the fuse hole, must be
put in j;cfore
the shell is closed. When the shells arc loadsd ) &-lllc:
’ and drive in the fuses very tight.
With respect to
the diameter of the fuse hole; for a coehorn balloon, let the
diameter be seven-eighths of an inch; for a balloon, five and ‘1

half inches in diameter, make the fuse hole one inch and one=
sixth in diameter; for an eight-inch
balloon, one inch and
three-eighths;
and for a ten-inch balloon, one inch and five,
eighths.
Air-balloons
are dividecl, according
to the substances
they contain, or the efhzct they are to produce, and are
usually of four kinds; namely, I. Illuminated
air-balloons, 2.
Balloons of serpents, 3. Balloons of reports, marrons, and
crackers, 4, Compound balloons. Balloons and shells, in fireworks, are the same,
In the following
view of the different balloons, we have
given the number and quantity of each article for the dilTcrent shells, designating their kind and character:

Meal-powder
e
Grain
do:
.
.
Powder for the mortar,

.

9
e
I

.

2-

I.cngth of the fuse composition, three-quarters
of an inch;
I oz. (hove or rolled stars, as many as will nearly fill the
sheII*

Meal-powder,
.
Grain, do.
.
Powder for the morta;,

9
.
.

1

1; oz*
.! 2$ --

Length of the fuse composition i$ths of an inch: haifounce cases, driven three diameters, and bounced three diameters, and half-ounce
cases, driven two diameters and
bounced four diameters, of each, an equal quantity; and as
many of them as will fiit in easily, placed head to tail.
Coehorn

balloons

cf

Crackers

l\leal-powder,
Grain, do.
.*
.
Powder for the mortar,

*

and Repwf.~.

,

*
4

13 oz.
do.
2 do*

Length of the fclse composition 3 of an inch; reports ii.
and crackers of six bounces, as many as will fill the 4~~11.

Compound

l&Teal-powder,
Corn,

Coeliorn

.

oz.
1
0

*

do.

Powder

Balloons.

*

r

for thk mortar,

.

.

2

dr,
4
12
4

Length of the fuse composition
$ths of an inch: 4 oz+
cases driven 3& diameters, and bounced 2, 16; 4 ounce cases driven 4 diameters and not bounced, 10; rolled stars, as
many as will complete the balloon.
Bnlloons

ilhminated

Meal-powder,
.
Grain, do.
.
Powder for the mortar,

(Republican).

S
.

.

oz.

dr.

1

8
12

0
3

.

0

Length of the fuse composition iiths of an inch; 2 oz.
strung stars, 34; rolled stars, as many as the shell will contain, allowing for the length of the fuse.
ifallwn

for

Serpents,

Meal-powder,
.
Grain, do.
Powder for thk mortar,

(Republican).

oz.
1

.
*

l

B

dr.

1

8

3

8

Length of the ,fuse composition, I inch; I oz. cases driven
39 and 4 diameters, and bounced 2, of each an equal quantity, sufficient to load the shell.
Balloons

with

crackers

Meal-powder,
,
Corn powder,
D
Powder for the mortar,

and

flfarrons.

.
-

.
-

(Rep.)

oz.

dr.

1
1
3

8
4

Length of the fuse composition +gths of an inch; reports
B-L; to be completed with crackers of 8 bounces.
Compound

Bl[eal-pcmder‘,

balloons

_

(Republican).

p

OZ.

dr.

1

5

to throw

Aigrettes,

Corn powder,
Powder for the mortar,

.
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WC.
OZ.

dr.

1
3

6
12

Length of the fuse composition,
one-inch; 4 ounce cases
driven and bounced 2 diameters, 8; f~ oz. cases filled $ths
of an inch with star-composition,
and bounced 2 diameters,
8; silver rain falls, ten; 2 oz. tailed stars, 16; rolled brilliant
stars, 30. If this should not be sufficient to load the shell,
it may be completed with gold rain falls.
Eight

inch balloons Illuminated.

Meal-powder,
_
Grain powder,
.
Powder for the mortar,

.
.

.

oz.

dr.

2
1

8
4

9

.

Length of the fuse composition,
one inch and $th; 2 OZ.
drove stars, 48; 2 oz. cases, driven with star composition,
$ths of an inch, and bounced 3 diameters, 12; and the balloon completed with 2 oz. drove brilliant stars.
J;‘i2-hf inch Balloons of Serpents.
Meal-powder,
m
Corn powder,
.
Powder for the mortar,

_
e

,
.

oz.

dr.

2
2

0
0
8

9

Length of the fuse composition,
1 inch and &ths; 2 oz,
cases driven one and a half diameters, and bounced 2, and oneounce cases driven 2 diameters, and bounced 24; of each an
equal quantity, sufficient for the shell.
driven in
We may remark, that the star composition,
bounced cases, must be managed in the following manner:
First, the cases must be pinched close at one end, then
the corn-powder
put in for a report, and the case pinched
again close to the powder, only leaving a small vent for the
which is driven at top, to communicate to
star-composition,
the powder at the bounce end.
Compourd

eight-inch

IMeal-powder,
,
Corn powder,
Powder for the mortar,

Balloon.
oz*
.

*

2
1

9

dr*
8
12
4

pr. ixn. cw. VII2

35 4

Length of the fuse composition, $th of an inch; 4 oz. cases, driven with star composition, $th of an inch, and bounced s diameters, I6; 2 oz. tailed stars, 16; 2 oz. drove brilliant
stars, 19; silver rain lalls, ‘LO; 1 oz. drove blue stars 20; and
z oz. cases driven and bounced, two diameters, as many as
lvill fill the shell.
Another

of eight-inches.
oz.

Meal-powder,
a
Corn, do.
e
Powder for the mortar,

.
*
*

dr.

2

8

1
9

12
4

Length of the fuse composition, 1 inch and ath; cracker:,
ot‘ six reports, 10; gold rains, 14; 2 oz. cases driven wit,i.
st:lr eomposition, Tut
t hs of an inch, and bounced 2 diamC:t.rS,
Iti; 2 oz. tailed stars, 16; 2 oz. drove brilliant
stars, 12; sil,
ver rains, 10; 1 oz. drove blue stars, 20; ar~ri 1 o~mct: cases,
driven with brilliant charge, 2 diamettirs, and bounced 3, as
many as the shell wil! hold.

JylCal-pow&r,
.
Corn powder,
Powder for the iortar?

oz.

dr*

3

4

2
7””_

8
I;

*
a
b

Length of the fuse conlposition +ith~+ oc an inch; 1 oz. cases
driven and bounced
3 diameters,
16; crackers
of eight reports, 12; 4 oz, cases, drivrn 4 an inch with star composition,
2nd bounced L diark-reters, 14; 2 oz. cases driven with briliiant fire 1 and $th diameters, and bounced 4~diameters, 16;
‘7 0%. drove brilliant stars, 30; 2 0%. drove blue stars, 3; gold
I*ains , 2.0; silver rains 20. After all these are put In, fill the
remainder of the case with tailed and rolled stars.
Ten inch

of three charges.

balloons

oz. dr.
Neal-powder,
Corn-powder,

Powder

.
s

for the mortar,

.

_
.

.

*

I

a

3
3
13

0
2
0

I,t_ngth
01‘ the fuse composition,
I inch: the shell must be
Loaded. with ;! oz. casrs, driven with star composition $th olF
,m inch, and on that one diameter of gold-fire, then bounce6
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three diameters;
or with 2 oz. cases, lirst filled one diameter
with gold-fire,
then one and one-fourth
diameters
of britianr
h-e.
These cases must be well secured at top of the charge,
lest they should take tire at both ends: but their necks must
be larger than the common
proporrion.
For the manlrt:r
of
forming
bcrlloon cases of paper, consult the article on that subject, in a preceding
chapter.
Balloo~~s, the bombs of some, may be formed
of different
sizes, and made proportionably
strong.
Bombs
may be formed
of wood by turning
it round, and
hollow,
of a sufficient
thickness,
and in two parts3 \vhnch fit
each other like a common
snuff box.
The inferior
or lower
part must be made thicker
than the upper, as it rests upon
the powder;
and for the same reason, that iron bombs
are
cast thicker
at their bottom.
One-twelfth
of the diameter
is
considered
a sufficient
thickness
for the -under part, and onefifteenth
for the upper part, which is pierced
with a hole to
receive the fuse. l’his hole is called the eye of th:: bomb.
When balloons,
or bombs, are to be charged,
the d~cora:ions mav be varied in the same manner
as for Sk;, -rocictitts.
Stars, gc;lcler~ rain, L*md meteors,
are considered
the bc.‘;t, a5
they produce
the most brilliant
effect.
After the atfditic:n
of tilt: furniture
or decorations,
we finish
the charge by j,ilrlit;g
in C(;T~TSC: g:ain
powder, which is introduced
through
the eye.
‘l’he i‘ti!<c Es then driven
in. It is
glued, in order to secure it.
‘i i-ii: ~f.:xi) ic, t;ow covered with
three or four turns of canvass, ax! c,vrr this somy paper, to
secure it. In this state, it ought
not 10 !JC mr,rr:
tfr;%n ,;th
of
an inch smaller
than the caliber of the mortar.
‘l-ilk
lraveb
what is denominated
the windage.
When the bombs
are well dried, the fuse is primed
\:,itl,
a double match, and priming
paste.
A cup, made with twb
turns of paper, is then attached
to the fuse, which
receives
the double match.
The bomb, thus prepared,
3s then placed in a cone made
of pasteboard,
which c\ont;tins the powder of the charge, 01
that required
for its ascension,
and is p,ut into the mortar.
<Irat> of the matches above described,
communicates
the fire
;o the fuse, and the other
at the same time to the powder
in the cons!.
The match, it is to be ohserved,
comes out of
the mouth
of the mortar,
and se;‘ves to fire it, This mode of
llischxrging
the mortar,
differs from the one we have pre;~iousl!,
grser1.
The following
table exhibits
the calibers
for bombs, the
length of the fuse for each caliber,
and the weight
of tht:
powder required
f‘or the charge

Air- Warks.
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Caliber
m--m-

ior bombs.

Bombs of 4 in. diam.
---6
do. --9
do.-a-12
do.-
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Weight of the charge.
Length of the fuse,
--m-e--e-m
li inches.
2 oz. cannon powder.

IQ do.
do.
2 do.

2

5 oz. do.--do.
6 oz. do.-do.
9 oz. do.--do.

Having made some remarks respecting bombs, we will uow
offer a few observations
concerning mortars; and although
we have, on a former occasion, mentioned
something respecting them, yet we deem a few remarks on this head not
improper at this time.
J&ortars,
from five to six inches bore, are usually made of
pasteboard and canvass. The canvass is first soaked in a geIato-amylaceous
paste, or paste composed of half glue and
half flour; and, when put on, is covered with sheets of pasteboard, which are glued or pasted. For various kinds of paste,
see Pasteboard.

When the case, or mortar is to be formed, cylinders of
wood as formers
are employed. They are of different diameters, according to the size of the mortars, that are to be made.
For four-inch mortars, inch formers; for six-inch, one and a
half inch formers, 8s~. After they are rolled and pasted on
the former, they are dried on it. As to their strength, this
depends on the thickness of the case. A mortar of foulinches in interior diameter, ought to be six inches in exterior diameter, and those of six in interior, should be nine,
The cases being formed, we next have turned as
exterior.
many cylinders of walnut, as cases or pots. Tkese cylinders
are short. In each is formed a conical chamber, in the shape
of the letter V, which is afterwards lined with tin or brass,
to prevent the action of the powder.
They are then glued
and put into the end of each pot, about the length of an
inch, and further secured by nails.
The chamber is designed to receive the powder, and its
conical form enables it to act with all its force immediately
on the bomb. A flat bottom would not have this advantage,
as the powder in that case would have more room, and consequently its force be divided.
They are sometimes, however, made flat.
The charge for these mortars, as a general rule, is &th
part of the weight of the bomb.
When mortars are to be larger t’nan the sizes we have mentioncd, it is necessary to have them of metal, and for this
Its thickness should
purpose copper is generally employed.
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be one-fourth
of an inch, for a nine-inch
mortar;
and half an
inch, for twelve-inch
mortars.
A cone of copper
is to be
made in the same way as above mentioned.
This is secured,
and made solid by means ot lead.
In experiments
and exhibitions,
the powder,
we may ohserve, must be of the same strength.
We find then, that mortars,
for the discharge
of bombs, or
balloons,
are differently
made from those which are used for
throwing
iron-shells.
In fire-works,
the design of mortars
is
to project the balloon in avertical
direction,
which, being furnished with a fuse as in ordinary
shells, receives
the fire from
the gun-powder;
and at a given time, according
to the length
of the fuse, the fire is communicated
to the balloon,
which
bursts and scatters its contents
in the atmosphere.
The furniture for balloons
being
various,
and in a larger quantity
than could be contained
in the heads of rockets,
(except
the
Congreve,)
the appearance
is more grand and impressive.
It
is obvious,
that, when they burst, fire is communicated
to the
whole at the same time; and the quantity
of powder
IS usually s\!fficient,
not only to burst the shell, but also to throw the
contents
to some distance.
The height,
to which balloons
ascend, depends,
of‘ course, on the quantity
of gunpowder
put
in the mortar.
‘1’ht.t quantity
is generally
regulated.
We find, also, that two modes
are used for discharging
The one consists
in having
a communication
the mortars.
from without
to the bottom
of the cone, which contains
the
powder,
and applying
the match to this vent, on the same
The
principle
as that for firing a cannon, or common
mortar.
other, by firing a quick-match
in the conical
c;tvity,
and putting in the charge
with the balloon;
letting
the match,
however, be of a sufficient
length
to come out of tht mouth of
the mortar,
and fall over its side.
This
match,
when fired,
will communicate
fire to the powder in the cone, and produce
the same effect.
Metallic
cylinders,
and especially
copper,
however
small, are certainly
preferable
to those made in the
usual manner.

Wood,
particularly
beech, is generally
employed
for formIf made
Ing fuses, which is turned of the shape required.
with pasted paper, they will answer for the purpose
of fireworks.
l’he
diameter
of the former
for fuses for coehorn
balloons
must
be half an inch; for a republican
fuse, five<

eighths of an inch; for an eight-inch fuse, three-fourths
of an
inch; and for a ten inch fuse, seven-eighths of an inch. Waving rolled the cases, pinch and tie them almost close at one
end; then drive them down, and let them dry. Before they
are filled, mark on the outside of the case, the length of the
charge required,
allowing for the thickness of the bottom;
and when the composition is rammed in, take two pieces of
quick-mr1rc.h about six inches long, and lay one rnd of’ each on
the charge, and then a little meal-powder,
which is to be rammed down loose. The loose ends of the match, double lip, and
place in the top of_ the fuse. T’his top must be covertad with
a proper cap to keep it dry. When the shells are put into the
mortars, uncap tne fuses, and pull out the loose ends of the
match, and let them bang on the sides of the balloon.
Thr
use of the match is to receive the fire from the powder in
the chamber of the mortar, in order to light the fusr. fl’betr
the shell is put in the mortar, its fllse must be U;lpi2rlll(~St,
and exactly in the centre.
Sonic meal-powder
IS
USUdlY
sprinkled upon it.
Fuses of wood are longer than chose of paper, and not
bored through, but left solid about 4 an inch at bottotn; SO
that, when used, this end is cut off. They are sawed, however, at a proper length, measuring the charge from the Cup
at top. On the subject of I;zlses, see the last part of the work
Fuses for bombs, Morel remarks, are formed of’ five
thicknesses of paper, or of pasteboard, rn~~~ of’ that thick.
ness; and the former, on which the fuse case ic, ~-~li~r(, si:o~lcf
be one-third diameter.
The compc~sition is i>::; in with fi
spoon, and each charge 5s drivel\ with tIbTt3;iy strokes of a
moderate size mallet.

1. .MeaI powder,
Sulphur,
=
Charcoal,
2. Saltpetre,
Sulphur,
Mca’L powder,
3. Stltpetre,
s.
Sulpfiur,
Meali powdt‘r:
-

m 12 OY,

..

4-

-

-

6-

.-

-

-

-

-

I lb. 10 lib. :-1 lb. s 8-3 lb. 8 m
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is the same as the sokil montant; because it ascends in full
illumination,
and scatters fire in various directions.
The
tourbillon,
therefore,
receives its name from the eflect it
produces.
It raises itself very high, and forms a whirl of
fire and terminates in two coronal figures, or crowns, which
descend in what are called parasols.
It does not, however,
produce crowns, except when it is charged with Chinese fire.
There are two kinds of tourbillons,
which we will deThe mosaic
scribe, namely, the mosaic and the common.
produces a tail of some length, and After whirling
round,
finishes with a repsrt.
This effect is owing to its particular
structure and formation, as it differs from the common tourbillon.
In preparing the cases for mosaic tourbillons, pasteThey are
board, formed of five sheets of paper, is used.
made seven inches in length upon a roller or former S-12ths
Their thickctL<;, V,hen rolled, is l-&h
of an inch in diameter.
of an inch. Th ey are choaked in the usual manner, and
the excess of the string is cut oE. After having put 3
quarter of an inch of earth into a case, and beating it with
ten or twelve blows with- the mallet, we mark the height
of the er.?da on the outside of the case. We then load it
Qo tt;c :lri<rr:,.,I OF 7-1Qths with the composition
heretofore
mentioned. V Another quarter of a spoonful of earth is then
put in. we then choak, ::~d bind the case in this place.
Two fingers of grain po~~~~~s ~2 now added; we again
choak, and bind it above this. We put in rhi: same composition, after the last operation, to the height <Jf 7-lAths of an
inch. The choaking, it is to be observed, must not wh~llv close
the case; so that the composition can set fire to the p&drr.
‘CVe now introduce a spoonful of earth, and choak and bind
as before.
It is then finished by charging it with 7-lzths
of an inch of composition.
The remain&r
of the case is
cut, :md the compositio;l primed.
c ases, thus prepared, are afterwards
treated in the following manner: We pierce three holes in the sides of each,
one a lirtle above the last choak, another through, r,r into
the case, to penetrate the last charge, and the third through
the first charge. ‘These holes have a communication
with
each other by means (;f quickmatch; EO that, when the match
is set on fire, the two extremes are inflamed at the same
time, and being opposed to each other, give a rotary motion
to the tourbillon, which, when the powder inflames, terminates
by an explosion.
The holes ought to be covered with three
or four turns of ~)asted paper. It in then ready to be pnt intr:

de chaste.
When completed, the tourbillon
should
not exceed IO-12th~ of an inch in diameter.
The pots cle chasse (mortars somewhat similar to those
described) should be made of pasteboard, prepared with
eight thicknesses of paper, and moulded upon a roller of
II-Ieths
of an inch in diameter.
‘They are mounted in the
same manner as fire pots, and are also primed in the same
way.
Into each pot there is put four drachms of broken grain
powder, and a slip of pasteboard, pierced with five or six
holes, which is introduced
by means of a stick.
A little
meal-powder
is then put into the pot, and afterwards
the
tourbillon,
the primed end of which must be above the
~hUSSC. It is then closed with paper, made into a wad or
ball, and the pot is secured ,+.&-a slip of pasteboard, pasted
on it.
the pots

Composition

of Mosaic Tourbillo~zs.

4. Meal powder,
Charcoal,
3. Meal powder,
Charcoal.
-

-

I

-

-

-

-

- 16 oz.
3 or 4
dr.
16 parts.
3+-

.Common tourbillons differ in many respects from the moalthough their motion is the same. There are two
methods of forming them as well as their appendages, both
of which we purpose to describe. The first is the following;:
Having filled some cases within about 1 l-2 diameters,
drive in a handful of clay, prepared, of course, in the mannel
describecl in the first part of the work; then pinch thctir
Then find
ends close, and drive them down with a mallet.
the centre of gravity of each case; where you nail and tie a
stick, which should be l-2 an inch broad at the middle, and
run a little narrower to the ends; these sticks must have
their ends turned upwards, so that the cases may turn horizontally on their centres. At the opposite sides ofthe cases,
at each end, bore a hole cio~,e IO the clay, with a gimblet the
size of the neck of a common case of the same nature. From
these holes, draw a line round the case, and, at the under
pnrt of the case, bore a hole with the same gimblet, within
haif a diameter of each line, towards the centre; then from
one hole to the ot’her, draw a right line. This line divide
into three equal parts, and bore a hole near to each of the
ends; then from these holes to the other two, lead a quicktllntch, ov:“~ which paste a thin paper.
Tt is to ii,: oi~i-rs?ed, that there. is a stick about the length
LiNC,
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of the case, which goes across it, and is securely
fastener1 by
a Lord, that the whole lies flat upon a talk
hcforr it is fired,
tourFiZh;
;SiPd,
arid hence, it is sometimes
named
the t&/e
th;l*. the leader should be carried
from one side hole to the
other, the holes being made at the opposite
sides, as before
When tourbillons
are fired, they must lay ui)on
mentioned.
a smooth table, with their sticks downwards,
the leader
being set on fire in the middle
with a port fire. ‘I‘hey should
spin two, three, or four seconds round the table, before they
rise, which is about the time the composition
will be burning
from the side holes to those at the bottom.
Reports,
or detonating
cases, may be fixed to tourbillons,
if so required.
In this case, we make a small hole in the
centre of the case at top, and in the middle
of the report
make another.
Then
place them together,
and tie on the
report, and, with a single paper, secure it from fire.
By this
method,
small cases of stars, rains, &c. m:iy bt: fixed on
tourbillons,
being careful,
nevertheless,
that they are not
overloaded.
One-eighth
will be a sufficient
thickness
for the sticks, and
their length
equal to that of the cases,
The other
mode of forming
common
tourbillons,
is the
follc:wing:
‘l‘hey are made with cases of an inch, which are
choaked
and bound
in the usual
manner.
In filling,
we
make two wads of paper of the samy size, and put one of
them into the case, and ram it with fifteen or twenty blows.
We then mark upon the case, the height
of this wad, which
is afterwards
driven with the composition,
given
at the end
of this section.
To each charge, thirty strokes of a moderate
size mallet,
will be required;
and each charge
should
not
be more in height
in the case tha
ine exterior
diameters.
We mark,
on the outside
of t
ase, the height
of this
charge, and put in a wad of the same kind and size as the
former
one.
We drive this in the same manner
as the first,
and then choak and bind the case.
After cutting
off the excess of the ligature,
with which we bound the case, we again
introduce
the rammer,
and give it eighteen
blows with the
mallet,
in order to flatten the choak.
We afterwards
divide
the case parallel
to each end, into
four equal parts, 2nd mark the he,ght of the wads.
Fhat of
the middle,
which becomes in fact the bottom
r~f
the case,
(from the manner
it is fixed for ascension),
we divide
into
five equal parts from one point to the other,
and pierce
a
hole in each division
to the composition.
We thrn make,
en a level with the wads, upon the lateral lines, two similar
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holes; one upon one side, and the other on the other side,
at the opposite ends. These holes are so made as that the
case has four holes on one line, and one upon each of the
other two. Each hole is then primed with a piece of quick
match, and priming paste. One of these matches must pass
over all the other holes; so that the fire may be communicated from one to the other at the same time. The matches
are then covered with a band of pasted paper.
To hold the
tourbillon in a horizontal position, we procure a hoop of the
same thickness and diameter as the length of the case; and
on the plate, we make a groove for the match of communication, which is supported between the four holes with an iron
wire. If the case whirl round with a uniform
motion, it is
well balanced.
The four holes beneath, serve to raise it in the air, and the
two lateral apertures give it a revolving
motion.
When tourbillons are to be set off, they must be balanced
either by a cross stick, as in the first instance, or some other
contrivance.
The effect is the same as before described.
Composition

f01

Subdances.

Sal tpetrc,
Sulphur,
&al-powder,
Charcoal,
Pulverized cast
iron,

Tourbillons,
or Table Fusies,
Calibers.

Calibers of l&i
an inch.
.---8 oz.

of dz$erent

Of %Sds of an inch Of 5-6ths of an inch
with Chinese fire. I with Chinese fire.

16 oz.
8 oz.
18 oz.

16 oz.
8 OZ.
16 oz.

10 oz.

12 oz.

4 oz.
16 oz.
1 oz,

I

,dnother composition for a caliber of haif an inch, vf commo~z
jre.
Saltpetre,
Sulphur,
Meal-powder,
Charcoal,
The following
Meal-powder,
Charcoal,

.

.
.

.
.

s
.

.

.
q
form&e

16 oz.
kJj7-

.

.

l

are sometimes

* .

’

4-

used;

For four-ounce tourbillons.
,
. 2 lbs. 4 oz.
4 l-2-.
.
.
l
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tourbillons.

2 lbs.

.
.

For

for

.

*

4 3-4 oz.

tourhillon’s.

2 lbs.
Meal-powder,
.
.
.
.
1 do.
Saltpetre,
.
.
.
.
8 oz.
Sulphur,
.
.
.
8 oz.
Beat-iron, _
.
.
.
As a general rule, we may remark; that the larger tourbillons are made, employing,
if necessary, different
coloured fires, the weaker must be the charge; and, on the contrary, the smaller, the stronger their charge.
Sec. VL

Of

Nortars
for
throwing
Aigrettes,
ner of loading
and firirlg
them.

und the man-

Pots of aigrette, when inflamed, exhibit the appearance of
an aigrette, or cluster of rays, such as are produced by diamonds, when they are arranged in a particular way. The
aigrette takes its name from a bird, whose feathers serve to
make up an ornament for the head.
It was given in diamonds, as a particular mark of distinction, by the Grand Signior, to Lord Nelson, after the battle of the Nile.
There
are aigrettes made of glitrs.
For the purpose of throwing
aigrettes, the mortars are
generally made of pasteboard, of the same thickness as balloon mortars, and two and a half diameters long in the inside
from the top of the foot. The latter must be made of elnr
without a chamber, but Aat at top, in the same proportion as
those for bnlloon mortars.
These mortars must be bound
round with a cord as before mentioned. Sometimes eight or
nine of these mortars, of about three or four inches in diameter, are bound altogether, so as to appear as one; but when
they are prepared for this purpose, the bottom of the foot
must be of the same diameter as the mortars, and only onehalf a diameter high.
Having bound the mortars together,
fix thtirn on a heavy solid block of wood.
To load them,
place over the inside bottom of each, a piece of paper, and
spread on it one and a half ounces of meal and grain powder
mixed; then tie the serpents up in parcels with quickmatch,
and put them in with their mouths downwards.
Care must
be taken, that the parcels do not fit too tight in the mortars,
and that all the serpents have been well primed, or wetted
with the paste of meal powder and spirit of wine.
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lay some paper

or tow; then carry a leader from one mortar to the other,
and from all the outside mortars to that in the middle.
‘l‘hese
leaders are to be put between the cases and the sides of the
mortar,
down
to the powder
at bottom.
In the centre of
the middle
mortar,
fix a fire pump, or brilliant
fountain,
and
sufficiently
long to project
out of the mouth
of the mortar.
Then secure the mort;irs,
by pasting
paper over their tops.
The nebt cjf serpents (as mortars
thus prepared
are called)
is fired by lighting
the fire-pump,
which, when consumed,
will communicate
to all the mortars
at once by means of the
leaders.
Single mortars
are called pots des uigrettes.
If the mortars, when loaded,
are sent to any distance,
or liable
to be
much moved,
the firing powder
should be secured from getting amongst
the serpents,
which would
endanger
the martars, as well as injure their performance.
To prevent
this
accident,
the mortars
are to be loaded
in the following
manner; First,
put in the firing powder,
and spread it equally;
then cut a round piece of biue touch paper, equal to the exterior
diameter
of the mortar,
and draw
a circle
on it
equal to its interior
diameter,
and notch it as far as that circle: then paste that part, which is notched,
and put it in the
mortar
close to the powder, arrct srick the pasted edge to the
mc:rtar.
This will secure the pow&r
at the bottom,
so that
it may be moved
arid died
without
receiving
any damage,
For mortars
of six, eight, or ten inches diameter,
the serpents should
be made
in one acd two-ounce
cases, six or
seven inches long, and fired by a leader, brought
out of the
mouth
01 the mortar,
and turntd
down the outside;
its end
being covered with paper, to prevent the sparks of the other
works from setting it on fire.
For a six-inch
mortar,
let the
quantity
of powder for firing
be two ounces;
for an eightinch, two ounces and three-quarters;
and for a ten-inch,
three
ounces and three-quarters.
Care must be taken in these, as
well as small mortars,
not to put the serpents in tight, for fear
of bursting the mortars.
These mortars
may be loaded
with
stars, crackers, kc.

Sec. VlL

Of Makzng,

Loading,

and Firing

Pots des Brim.

These are formed
of pasteboard,
and must be rolled prettv thick.
They
are usually
made
three
or four inches in
diameter,
and four diameters
long; and pinched
at one end
like common
cases,
A number of these are placed on a
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plank in the following manner: Having fixed on a plank two
rows of wooden pegs, cut, in the bottom of the plank. it groove
the whole length, under each row of pegs. Then through
the centre of each peg, bore a hole down to the groove at
bottom, and, on every peg, fix and glue a pot, whose mouth
must fit tiyht on the peg. Through all the holes, run a quickmatch, one end of which must go into the pot, and the other
into the groove, having a match laid in the groove from end
to end, and covered with paper; so that, when lighted at one
end, it may discharge the whole almost at the same instant.
?n all the pots, put about one ounce of meal and grained
powder. Then in some put stars, and in others rains, snakes,
serpents, crackers, &c. When they are all loaded, paste
paper over their mouths.
Two or three hundred of these
pots being fired together, make a brilliant appearance by affording so great a variety of fires.
Sec.

VIII.

Remarksrcspecting

Fire

Pots.

Fire pots, called also pots of ordnance, in pyrotechny, are
nothing more than vessels used in, as well as for, the exhibition of artificial fire-works.
They are generally formed of
thick pasteboard, made by pasting together six or eight sheets
of paper, of ~-NOinr hes interior diameter, three inches exterior diameter, and filkeen ir:ches long. They are always
placed upon a solid block or plank, and preserved in a firm
position.
There is a stopper or plug made of wood, which
goes one inch into each case or pot, and is there glued and
secured by nails. This plug is turned with a screw, which
enters the plank, and preserves the pot in a steady position.
The plank, on which the pots rest, is usually three inches
wide, an inch and a half thick, and sufficiently long to receive
twelve pots, placed at the distance of haif an inch apart.
Before the pots are fixed on, a hole is made through each
plug in its centre, to receive a quick match, which passes
through to the composition.
A groove is also made in the
pljnk, in its length, one-third of an inch square; and in such
a manner, that the holes, which communicate to the interior
of the pots through the plugs, must come in the middle of
the groove.
When the quick-match
is put through the
plugs, to communicate with the interior of the pots, we must
leave about two inches on the outside.
At each bolts, also,
we put some priming paste, and then permit it to dry.
If it is required
to discharge them all at once, this may
be done by making a communication through the groove, by
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means of leaders in the manner hefore mentioned; and covering the leaders with four or five bands of paper, and setting
the match or leader on fire. If, on the contrary, they are to
go off in succession, the groove is filled with bran, which is
pressed with the fingers, and is then covered with paper.
The match of communication
with the pots must, however,
be preserved.
The bran causes the fire to communicate
gradually from one to the other.
Pots are charged in the following manner: We first make
the sacs of powder,
For this purpose, we have as many
squares of paper as there are pots, which are made into cylinders on the same roller that formed the pots. Into each
is put about an ounce of the charge-composition,
hereafter
mentioned, with two pieces of match, sufficiently
long to
come out an inch. They are then closed and tied, and the
excess is cut off.
One of these sacs is put into each pot,
having previously
pierced it with several small ho!es, and
sprinkled it with meal powder.
After this, the garnishing,
furniture,
or decoration
is added, always observing to put
the primed part downwards.
A wad of paper is then put
over the whole, and the mouth is closed with pasted paper.
Compositiotl of the charge forjre
pots.
Gunpowder, in broken grains,
.
16 oz.
Charcoal,
.
.
.
.
SFire pots are discharged in the way WC have described,
which is considered the best and most certain; or thyy may
be fired by communicating
the fire with a match, passl~g o;t
of the mouth, and hanging over the sides. Another mode
balloons or
may be used, similar to that for discharging
bombs, but on a scale proportionate
thereto.
Pots may be
discharged in any direction; hence two pieces, or sets, may
lx fired adversely, like rockets from the regulated rocket
Cil.SCt.
2’hcir e%ct depends, as we have frequently observed,
on their furniture or decorations.
The strength of fire pots is also to be considered. If they
are made three inches in interior diameter, it is pruclent to
cover them with stout canvass, or small cord, wrapped round
and covered with a coat of glue, in the same manner-as for
tourbillons.
Fire pots are calculated to throw St?J-peil:5!,
&c.
in the air.
Mortars, it will be recollected, are designed to discharge
shells or balloons, which are thrown to a considerable height,
by the powder placed in the conical cavity; whereas fire pots,
although their contents are thrown out by blowing powder,
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are differently made at the bottom; and merely designed to
project serpents, stars, &c. to a small distance. Being primed,
they take fire as they pass out of the pot. The charge is
sometimes gunpowder, and, as above, composed of gunpowder and charcoal, to lessen the power of the former.
The
principle, on which they are discharged, is the same. Fire
pots are called pots of ordnance, because they are used for
discharging sundry substances, by means of gunpowder.
-CHAPTER

IX.

OF PARTICULAR

COMPOSITIONS.

Sec. I. Of Fire-Jets,

or Fire-S’outs.

Fire-jets are produced by certain compositions, which are
employed in cases, and are charged solid. They are formed
and used according to taste or fancy.
The jets are made with a caliber of from one-third of an
inch, to one inch and one-third, in interior diameter.
They
are seven or eight exterior diameters in length, and are
charged in the usual ma*:ner with the composition, hereafter
mentioned, driving each charge with twenty blows with a
small mallet.
The first charge must be the common fire
composition.
Some of the compositions in the following table have already been mentioned, when treating of certain fire-works;
but we deem it of importance to notice them in a connected
manner, so that we may have the form&e in one view.
Fire-jets, it must be remembered, are calculated as well
for turning, as for fixed pieces.
Common

Fire for calibers of one-third

Meal-powder,
Charcoal,

-

-

-

Cbmmon Fire for culzbers ofjve-twelfths
Meal-powder,
Charcoal,
Commonjre
Meal-powder,
Charcoal,

of an inch.
-

16 oz.

.

-

3 -.

to ha/fan
-

iuch.

16 oz.

-

;3 -

for calibers dove half an inch.
16 oz.
x
- 4 -

3! dr.
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Compositions.

Brilliant

Lfire for

Meal-powder,
Filings of iron,

CfX.

IX*

-

-

-

16 oz.

-

-

4 -

more beautiful.

-

-

-

-

more

-

m

-

brilliant,

-

-

brilliant,

Meal powder,
Saltpetre,
Filings of steel,very

III.

calibers.

.
-

Meal powder,
Filings of steel,

Another,

ordinary

-

Another,

Another,

[PT.

16 oz.

-

for

-

4 m

any caliber.

-

-

-

-

-

-

w

-

for
two-thirds
and above.

of an

18 oz-

g5inch

caliber-.

16 oz.
Meal powder,
Saltpetre,
0
1 Sulphur,
-% I Filings of steel,
- 7Brilliant

fire,

more

clear, for

nny caliber.
16 oz.
3-

Meal powder,
Filings of needles, or of needle steel,
Silver-rain
for calibers above two, thirds
Meal powder,
-

Saltpetre,
Sulphur,
Filings Gf steel, fine,
Grand

jessamine,

for

of an inch.
16 oz.

-

1 -

-

4 -

-

1 -

any caliber.

16 oz.
Meal powder,
Saltpetre
1 Sulphur,
I Filings of spring steel,
- 6 Small

jessamine,

Meal powder,
.
Saltpetre,
Sulphur,
Filings of steel, the best,
White-fire,

Meal powder,
Saltpetre,
Sulphur,
-

-

-

-

-

-

1u
I 5 -

-

-

16 oz.

-

8 2 -

idem.

-

-

16 oz.

-

-

Whitejre,

LMeal powder,
Sulphur,

-

idem.

-

idem.

-

-

16 oz.

-

-

3L

4 dr-
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for parasols and cascades.

Meal powder,
Saltpetre,
Stilphur,
Zinc,
-hother

or Fire-Spouts

-

-

-

-

-

-

-

-

blue fire, for

- ’

-

-

-

-

-

-.

-

-

-

8 oz.
; 6-

calibers of halfan

inch, and upwar&.
8 oz.
Saltpetre,
Meal powder,
4Sulphur,
- _ 4 - 17-Zinc,
-

The cases charged with this composition
are only employed for furnishing the centre of some pieces, the movement of which depends on other cases; for these, having no
force, would not move the piece.
Blue Fire, for any caliber.
Meal powder,
Saltpetre,
.
Sulphur,
_/

.

.
.

,

.

Radiant

Aurora

160~.
3--

.

16 oz.
3-- 2 dr.

.

Fire, idem.

For Italian

a

e

e 16 oz.
3-

roses or fixed stars.
il

,

n

Another,

s

a

e

.

o

for

the

a
.

.

1

a

.

2 02.
41-

SLWW~

B
1

e

.
R

’

Meal powder,
.
Gold powder, (Poudre d’or)

,

; -

Fin,, idem.

Green Fire, idem.
Meal powder,
.
.
Filings of copper,
.

Meal-powder,
Saltpetre,
Sulphur,
Antimony,
3Ez

.
.

Meal powder,
Filings of pins, (d’epin&es)

Meal powder,
Saltpetre,
Sulphur,
p

16 oz,

.

.

L1

12 oz.
16 10 -

l-

The jets of fire, which are various according to the composition employed, mav ai’pear under several forms, sometimes in one and some&nes in another; and hence they may
put on an asteroid appt~ance, or that of a fountain, or water
spout, or the form cf rain. The effect, however,
is very
rlegaut; and, in conjunction with other species of fire-works,
cannot fail to change the general appearance, by modifying
the whole, or rendering it more various.
These compositions
are generally used in the manner
before veptioned,
in cases of different sizes; but they may,
under particular
circumstances, be employed otherwise.
In
fact, the.firms which may be given to the flame of gunpowder, or the substances which compose it, either by increasing
or retarding
its combustion,
or changing the appearance of
the flame, and giving% the form of jets, stars, rain, kc. arti
so numerous, that if furnishes alone an important 11r:trlch of
Pyrotechny. These effects will be detailed, wI;er~ WC treat of
the formation of compound works.

TVI:en tire cases are charged, we pierce them with a smal;
~-1, or make a hole with a gimblet in the end, if it shoulrl
!IC stopped with clay, or Probe them with a drill, as firel\-(jrkcrs call it, in the hole which had been filled, iI, wl~ici;
we put some more of th:: compG5irio::. ‘I’ilis prcc:lution is
considered necessary, in order that tl>%earth should not cokier internaIl?
the hole of e’c:,:;:;:~:‘cei-. h piece of match is
then introduced, r;hlch estea~~lwGn the outside, and is secured there with a +ag of wood.
Brown paper, mitde either of linen or cotton, but not of
woollen cloth, when soaked in a concentrated solution of saltpctrc, is, we have said, rendered very combustible, and will
convey fire for small works with much fxility.
It is this
paper, called touch, or more properly match, paper, that is
used for czpping, kc. Paper of this kind may sometimes be
used, as for CYNC~~‘L.S,swf~ent~~, kc. Cotton quick-match,
flowever, is used more generaily; and, for large works, when
rzmpioyed as a leader, it is usually confined in a proper tube,
the better to preserve it, entire, and to keep it dry. Spunk,
made by soaking certain species of fungus in a solution of
3altpetre, takes fire very readily by the least spark, and,
therefure, is used for collecting and preserving the fire from
flint and steel1 ‘I‘his spunk, when well made, and particular-

SVof the proper kind of fungus, may be cut into slips, ant!
,Jmployed advantageously
in szbme fire-works.
In all cases,
ilowever, the ol!ject is the same, to communicate
fire with
iicility to thi powder, or composition;
and rhls ob.ject may
be attained by all those ~ncthotls,
which we have hiad occa-=
sion frequently to mention.
Scr: P~~r~ftwbzical Sporzge.
To whifen cases is an operation, whrch merely consists in
covering them with paper, and is perfiSrmr:d in the following
nanner.
We procure as many half sheet> of gai:er a~ we
;~ave cases, and put them on a table one upon annthi~r
We
paste the: paper, and roll each .case in one of these shLcts,
which is named the covering.
The paper is cut in such zc
manner, that it passes over the end of each case an inch and
a half. There is no particular use in this covering, the case
being made sufficient;\ strong without it; it makes, however,
a handsome finish. In-the Chinese fire-works, their casts are
hXlU;“‘d~
cJl”covered with different coloured papers, Xld
namented with gilding.
In all that I h:tvc seen, witi) some
of which I have made experiments, the match oh‘ comluunication is nothing more than twisted match-paper.
‘l’he
iigur~‘s are made of paper, painted, and ornamented in the
same way; s(j111e resembling
animals, 8~. but on a small
scale. T’he Icadcrv are fixed in the. usual manner, and the
works are fired in the snrne way. ‘rourbiilons,
serpents, and
crackers are chiefly the kind which we’ have seen,

‘i‘he composition for producing this fire, as it ib, i,~;..~~Ii::!-,
and therefore distinct from all others, W;IS invented !iy L;:Z
Chinese, and hence bears that name. The substance, whirl
produces the peculiar cfrcct is cast or crude iron. See It.rjn.
It was the brilliant light, produced when iron filings are
-Arown into the fire, that gave rise to an itnprovement
in the
fire of rockets, renderir~g it much more beautiful, than when
gunpowder,
OP’ the substanct:s of which it is compzcd,
are
:I~OIICvml,ioy;ed. The Chiticrjc I~::vc: long; bel:n in ~oss~:s~:~o~I
of
a mc.tilod oi‘ rendering fire brilii:int,
and varitxf;;‘rterl in its
colours. Cast-iron, reduced to a pow(ier m5rc od I,, 3 fiiiz, is
called iron-sand, because it answers to the n;‘lrnf ;-,i\*en LU it
hy the Chinese. They use old iron pots, which rl~,~. pulverize, till the grains arc not larger than r:tdi:,h sect]; and these
they separate into sizes or nutnbcrs, for ;~Acular
purposesIt should be observed, that rock&,
into the compositir:!:
of which, iron-filings
and iron-sand enter, cannot IX 1~?g
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to the change which the iron undergoes
in
of moisture.
It may be proper to introduce here two tables, which exhibit the proportions of the direrent ingredients for rockets
of this kind from 12 to Mbs.
owing

consequence

For Red Chinese Fire.
Calibers.

lbs.

I

I

1

Ibs.
1
1
1

I.2 to 15
XS--21
24-336
I

1

oz.

1

3
3
4

For WEte
Calibers.

Saltpetre.
I

lbs.
12 to 15
18-21
a43G

Charcoal.

Sulphur.

Saltpetrc.
I

I

J

oz.

’
I
:

E
6

Yulv. cast iron.
No. 1.

1

oz.

dr.

I

7
7
8 --

0
8
0

Chinese Fire,

Meal-powder.

___

-..___-

---“---7---.--

Pulv. cast Iron, No. 2.

I

{

lbs.

I

1
I
1

These substances
alreadv
stated.

J

oz.

I

12
11
11

oz. dr. 1
78
8 0 I
88112

are incorporated

oz.

dr.

11
11

0
8

together

0

in the manner

The cast-iron, we observed, is reduced to a fin? powder,
sand, as the French fire-workers
call it, and is then
passed through a sieve.
For the merbod
of rc>ducing it to
powder,
consult the article on A-o::.
of
That
the brilliancy
or rather

the fire is owing to the iron in its crude state, without
being
converted
into soft or malleable
iron, a process which carkc, and increases
ries off a large quantity
of carbon, oxygen,
3ts specific gravity,is very evident
from the effect produccd.
Il’rought
iron xvi11 occasion
scintillations,
somewhat
of
the same appearance,
and steel, also, in greater
abundance;
and hence both are employed
in sundry
compositions.
But
the particular
character,
beauty,
and brilliancy
of Chinese
fire must be attributed,
first to the iron, and secondly
to its
peculiar
state of combination
with carbon and oxygen;
for,
we have said, that malleable
iron, (which
is deprived
in a
g:r,,;le measure of these substances
in the operation
required
for
its
preparation),
produces
an
eir.ct
far
inferior
to cast
L
It-O!!.
This difference
then can only arise from the quality,
character,
composition,
or properties
of these two kinds oi
iron. Steel, on the contrary, having a more vivid effect than

wrought iron, owes its properties to another state of combination of the iron and carbon.
Hrnce we account for the difference in the apl3e;rranc.c: of
the flame, and consequently the effect, in the dit7t.;‘r:;it ,s:;ctules of crude iron, malleable iron, and steel. We have already remarked, in treating of iron, and in explaining rhe
action of bodies in the process of combustion, in the scc~ic?n
on the theory of fire-works, that the effect of some subs~ances was to produce sparks, stars, Ssc. In the present instance,
namely, the effect of the composition of the Chinese fire by
combustion, the iron is first ignited by the powerful htat crcated by the combustion of the powder, nitre, charcoal, and sulphur, and in this state, is thrown out with violence, and is itself consumed. The combustion of iron is nothing more than
its oxidizement, during which a brilliant fire, which characterizes so pre-eminently
the Chinese fire, is produced. J-his
oxidizement of the metal, in proportion as it is more rapid,
necessarily gives riseto the phenomenaof combustion, which,
in this, and the generality of instances, presupposes a combi=
nation with oxygen. The fire is, therefore, more brilliant, as
the combustion is more rapid, and the metal may be oxidized
in a greater 01’ lesser degree, but not to a maximum.
From
the effect taking place in tile air, as it does not ensue, or is
not seen, in the case, it follows, that the iron receives for the
support of its combustion the oxygen of the air.
WG have said, that the substnnces which compose castiron, are iron, carbon, and oxvgen,in a peculiar stclte of combination. We may also con&de, therefore, that, as carbon,
by combustion in oxygen gas, or in atmospheric air, which
contains about twenty-two
per cent. produces carbonic acid,
the carbon of the iron during its combustion, is changed, by
its union with oxygell, into this acid. The products, then, are
oxide of iron, and carbonic acid, the latter existing in the
gaseous state. With respect to the other products of combustion, arising from the gunpowder, saltpetre, sulphur, and
charcoal, we have before noticed them. See Gu12pw&r,
and
the Ge,vcrnZ Theory of‘ Fire WiwRs.
We may remark, at the same time, that the intense heat,
produced as well by the combustion of the gunpowder, as
by the combustion of charcoal and sulphur, in contact with
the nitrate of potassa, brings the metal almost to a state of
fusion; which, being thrown off in this state, and considerably divided, is acted upon by the oxygen 011all sides, causing
the effect to he uniform and general.
The quantity of iron, it will be seen, which enters into the

different compositions, is var BWJS, according to the I)-irticuk-u- purpose to which the composition is applied. ‘I’he u/$W~
therefore, may be varied, as we employ more or less of the
iron; and the state of ignition may he affected, as the pro=
portions of nitre and charcoal are increased
car diminished.
These facts aIe obvious, by referring to tbc respective
formull, and the application of the several compositions. It is,
besides, no less true, that as much care is required
in selecting pure materials for every kind of artificial fire, as
scrupulous accuracy, in following the proportions prtbc;c.ribed,
Nor is this all; ‘the mixture must be intimately made, or the
effect would be doubtful and uncertain.
There is a particular
manner required for preparing the
a-omposition of Chinese fire. All the substances must be passcd three tinlcs through
a sieve, except the sulphur,
and the
pulverized
c;is~-irk,
These
are mixed
hy th~nis~~l~JeS,
and
afterwards wif h the utht:r substances. ‘I‘b~y :~t t~.~rnt:d river
frequently with the han~l. Casts are filled with it in t’he samt:
manner as other cumpn~itions.
In order to make the mixture of the sulphur with the iron
more intimate, the latter may be wetted occasionally with
spirit of wine, which should contain no water, as water would
tend to rust the metal, and injure its effect. The sulphur
PVOU~~
then mix with more freedom, and the composition bc
more perfect. The spirit of wine, acting merely as a vehicle,
al‘te~~a~cis

either

the

evaporates;
and, as it has no chcrnical
action
018
sulpllur
,jr the met31, they v/<>~I:I re,nain
UII;I!

tered.
By procct:diag in this manner; namciy, IUS~ mixing the othei
suhstanccs 1-,~-thcmeelves, and afterwards
the iron and supghur, and tjten ~1-1~whole, we form an intimate mixture
throughout.
The composition,
prepared in this way, makes the fire
more brilliant; giving it a greater lustre than by proceeding
in a contrary manner.
We are informed, that spontaneous combustion has frequently taken place, by suffering the iron and alcohol, 01
spirit of wine, to remain in contact; and, although this appears an anomaly, which we will not ;ltternpt to explain, yet
that it is a fact, and that it has occurred at Paris, we leave
?hC :lUthority of M. *Morel.
When the cast-iron is reduced to powder, or snrld, it is
divided into several sorts, which are proportioned
to the ~aliber employed,
These sorts are marked or numbered, and
are used as follows;
For calibers under Tzths of an inch ii,

diameter, Noa 1; for those of :2ths to $i.ths, No. 2; and for
larger calibers, No. 3.
In charging with the cornpxitior:,
care must !x taken to
turn It oter repeatedly at every other ladle full; because the
iron, which is the heaviest substance, is liable to fall to the
bottom.
If the composition be not equally diffused, the fir:
would hr irregular, and go out by puffs. This is a defect
which ought to be guarded against.
The mixture of the composition for Jessamzne is made in
the same manner.
’
Chinese fire, in cases, is commonly employed in garnishing, as it is called, the circumference
of a decoration, or in
forming
pyramids, galleries, yew trws, cascades, palm trees,
or in Short, in producing a variety sf figures, according to
taste and farq . ‘rhoy are often employed in turning pieces for
their last fire, in consequence of the brilliancy of their effect.
We are told, that nothing is more elegant th:m Chinese
fire; and that it forms, in its descent, flowers of variegated
beauty, which, being scattered about by the rotation of the
piece, resemble the hydraulic gitandole
in the rays of the sun.
C:binese fire, however, has little force; and hence, when it
is used, it is accompanied with other fire, as two or more
jets of whitl: fir-(:. ‘l’h;> latter is only employed, when the
Chinese fire is to be exhibited on wheels, or turning pieces,
When it is on fixed pieces, there is no occasion for themm
Cases of Chinese fire, when burnt alone, will not turn a
wheel.
As the eff‘ect of Chinese fire on wheels depends qI,(.atly on
the motion of the wheel, its velocity should theref‘:jre i)e a~-celerated; which, although the duration of its effect would
be shorter and more brilliant, may be produced by employing several cases of white fire, and communicating
their fire
one to the other by leaders in the usual manner,
There ,is no doubt, that the accelerated motion of the
wheel causes the composition to burn more rapidlv, in the
same way as a bellows excites the heat of a blast-furnace;
and, therefore, the increased brilliancy of the fire may* be attributed to the greater rapidity of the combustion, which necessarily produces, in a shorter time, tht: oxidizernent of the
iron, and, at the same time, the combustion of the other substances.
With respect to the comparative
force of compositions,
or that power by which cases, as rockets, &c. ascend, or
which gives motion to vertical and horizontal wheels, me
may observe generally, that these ef?ects depend on the cornpositions employed; and that the recoil, in such instances, is

proportionate to the impelling power; for the resistance with
which the fire meets from the air, in the immediate vicinity
of the caliber of the case, causes a reaction, which produces
t!re recoil, and consequently the motion of the wheel.
That
this effect depends, in a greater or less degree, on the compositlon we use, and the manner the case is charged, is very
evioent. (See General ‘Theory of Fire-Works.
Part I.)
ConLposition of Chinese Fire for calibers under ten-twelftlls
of an ZWE.
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Another, for Palm-trees
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a-It ma!’ be proper to remark, that the above formula
are
all approved; as they have b een used in France, and are given 011tilt: authority of Morel an9 Ijigot.
We are informed,
indeed, that these proportions
produce the most perfect fire,
yghich stirpasses the fire of the Chin~.~se. From the many experiments made in France, instituted with tilt: view of determining the best proportions, and leading, in fctct, to the
improvement
of the original composition, we do not Imitate
to give them the preference over all others.
In the composition of wheel-cases, Chinese fire is sometimes used, and then only for decoration; but in nearly all
the compositions employed, in wheel-works,
for standing or
fixed cases, sun-cases, &c . steel-dust formi a constituent part,
The proportion it bears to sther substnnccs is L ari~us: viz. to
meal-powder, as one to five, one to ten, 8~. In occ of the
form&
for brilliant fire, the proportion is still g:eater, aud
in another less; but by mixing seven arlcl a h?li ounces of
steel-dust with meal-powder,
saltpetre, and sulphur it1 the
?roh)ortion of eleven pound5,
one pound two ounces, and four
3unces respct:tivi-I>*, a cornpc;:,ieion is formed, calculated to
produce a brilli;mnt ilre. Ou: :IS this ~.r:bj~ct n,ili 1~~considercd, when we treat of wf1~~1 \viirii s, st:illdirrz; ;;ir?ccs, 8.~. and
the different compositions
:~pp,~rt.~i~:ing th,.rcio, we would
only observe, that Chinese iire shoul:f :iiw:~j.s 1,~ prefcr;‘cd,
where the object is decidedI)* appearance, \;i~!: !;~*llianc~
and spiendour,

7iVe have had occasion to mention hcretoforc, :i:.:t metgllic
2s well as the crude, or sulphuret of, antimony, entr:rrd as 24
component part into SO:I~~ compositions, in order to vai-?f the
&cct and appearance of the flame. That this is :11e cHLct, in
rhe compcJsition, which constitutes the Bengal iig’r:ts, is a
fac6 well known, and to wftich its particular ch3rac:er is owl
hg.
Bengal lights, in consequence oE the wiliteness and brilliancy of their frame, are considered as hig;>l\ important in firewar-Its. The composition was a LJ~I~ time k:bpt seer-cat, .md
iirtists wert: at a loss to compound it, f;;tr thus;, 1: 110 posscssed the secret, it appears, would not divulge it. Simpie aS
11is, it was not known, until many experimernts were made,
-3 c

which ps~:-f d its identity with the original Beng:ik composition; GI24 since that time, it has bc:c:n confirmed by kc original formula. Morel as,sure~ US, that he purchased tl~e secret,

Saltpetre,
Sulpl1Llr,
Antimony,
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n

13 0%. 4 dr-.
7 oz. 44 dr*

They are pulverized
and mixed in the usual manner, aa;&
passed three times through a hair sieve. Any quantity may
be made at one time. ‘The composition is usually put in earthen
vessels, without decorations, They may be of different sizes,
and, in fact, as broad as they are high, sufficiently large
however, to contain the composrtion. A small quantity c;f clry
meal-powder
is scattered over its surface, and a sheet of paper is tied on to secure it. It is primed with port fire match,
The efict of this mixture is evidtntly that of the combustion of the sulphuret of’ antimony, as well as of the sulphur,
The nitre furnishes tZle oxJ?gen to both, and, as the combustion is rapid, the metal is oxidized, probably forming the antimonic acid, as the antimony may be oxidized to the maximum. There is another view, in which this combustion may
be considered.
According
to the present theory of the formation of sulphuric acid, by the combustion of sulphur, and
nitre in leaden chambers, it appears, that sulphurous acid is
first produced, and nitric oxide gas, (dcutoxide of axote,‘, is
also formed; and that the latter by uniting with the oxygen
of the air is changed into nitrous acid, which is then acted
upon by the sulphurous acid, and is decomposed. Part of its
ox) gem combines with the sulphurous acid, changing it into
the sul,)huric, and deutosidc of azote is reproduced.
In all
prof,ai,:lity,
then, in the combustion of the composition of
Bengal lights, the nitric oxide itself may affect the combustion of the antimony, which, as it would be enveloped in nitrous acid vapour, arising from the union of nitrous gas and
oxygen, may present, in a measure, one of those cases of
combustion, m which nitric oxide acts as a supporter, afford‘ng on what account a particular
phenomenon.
ReasoninLf:
r?ysstfv-io~i, this may be affected again 1,; the formation of
s+hurie
acid; for a part of the sulphurous
acid! may be
chnngc”i into sulphuric, not by its immediate union with the
oxygen of the nitre, according to the old theory, but by the
decomposition of the vapour of nitrous acid. This conclusion,
hwwerg is sufficknt, that the nitre is decomposed, and dul*

in, its decomposition,
the sulphur
anrl antimony
are LrotiGht
into action;
that a large
quantitv
ot- .zkric
and &At
is
evolved,
wnether
from the osyg~u gz of the atmosphere,
or
the substances
themselves
we will not stl!p tu i:it1~11’~; and,
that, in the act of combustion,
the sulphur
and antimony
are
acidified,
forming
new products.
It will be seen, by examining
the formuke
for the composition of the white and blue-lances,
that they both contain
antimony,
but in different
proportions:
thus, in the white lance,
the proportion
of antimony
is as one to eight of sulp!,ur,
as one to sixteen of saltpetre,
and as one to four of meal- ;‘I svder; and in the blue-lance,
as it is composed
only of saltI L JC
and antimony,
the proportion
of the latter to the former
is as
eight to sixtc>en. In the composition
of Italian
roses, or fix: d
stars, the proportion
of antimony
is still smaller,
and is as one
to ten of sulphur,
one to sixteen of saltpetre,
and one to twelve
of meal-powder.
Now, by comparing
these proportions
with
those which
constitute
the Bengal
light
composition,
they
will be found to differ from
those compositions,
into which
zhe same substances
enter; for, in the Bengal
lights,
the proportion
of the antimony
to the sulphur
is as five to nine, and
to the salrpetre,
as five to thirty-two,
or thereabout.
The inft:rejlce
we draw, therefore,
is, that the white lance
differs
from
the blue, in containing
meal-powcompositioii
der and sulphur,
and the latter from the former,
in containing no sulphur,
but eight
times as much antimony;
that the
white-lance
composition
varies
from
the- li3cngal
light,
by
containing
one-half
less of saltpetre,
one-fifth
less of antimony, and one-ninth
less of sulphur;
and that the Ekngal
composition
differs from the blue lance composition,
in havjng double
the quantity
of saltpetre,
nine parts of sulljhur,
(the blue-light
having
none,) and nearlv
one-third
less of
antimony.
If we attend to these proporkons
of the antimony, with the other ingredients,
in the respective
preparations,
\ve mill find, that the difference,
in the proportions
of the antimony,
produces,
with the presence or a’bsence of the mcalpowder
and sulphur,
and thf: difference
also in the quantity
of the latter,
the phenomena
or effects which
characterise
It is thus, therefore,
with this, as with other prepathem.
rations” ? only vary the prt)l~ortioiiE,
and institute
new equivalents, as it were, in any p:lrticu14r
preparatic)n,
and adopt
some and reject other substances,
and the eiTt:c:ts 3,.1-e v;iriecl
aud, if improv~~ments
arc to be made in
agreeabl\* . thereto;
;my compositfon,
\hev can onlv he cfT~cted by experiment,
anti
the ina-cstiI;atlon
of ihe cfkcts of new proportions,
a comj-~rl-

zjon of which, with the effect of any particular composition,
preparcti according ta a given formula, can alone determine
the relative value of any new formula.

.8x. %

Of Roman C~ndks.

Roman candles are foamed on a roller xvcn-twelfths
oi
an inch in diameter, and are generally fifteen inches in length.
Thc~ arc chsaked at one end, and tied in the usual manner.
According
to the nature of the charge, which we shrill mention, their effect is to throw out l-,riIliant stars, to the height
of one hundred and more feet, and when arranged with marYcItls, they finish with a report.
-4 f-t< I’ tllcb
case
s are formed, and ready to he filled, the apepl;ltif )I1 pk*rforrned with expedition,
by tying a number of’
tl12r~1 tr~getht’r, ;ind chargin -them in that manner. The: cii;c;
r?~ charged with the rot I+-et cCmposition, F,c~rzt~~f~r~:
described, in the following way: A ladlefttl of C~lrl~j~~:,iti~~!~is put
in: and rammed, using seven or t igh; I’lln;vs wirh the mallet;
a mall spoonful of powdt T i.x :kca~ added, and afterwards
a
1114
lulded star, This
st;lia
sir:~u!d
fit t’hc caiiber of the case.
lI’7 :re of the rr:n~position is tllrn added, then meal-powder,
and aftrrwzrc!.; a sLar, and these are repeated in the same order, till III:- CRY’ is completely charged.
Care must be taken
in o!:Fcrvi::t, this order, otherwise the effect would ix deSp-I.‘J-(‘:E~ in striking with the mallet, attention xn~s~ all f,c;
t>Z;ii,
that the l~lows are not too violent. or thr. :,l:!r rnigI,t tx
destroyed.
\C’hen the cxes, or candles, ::x ch:~gcrl, wt3
untie them, and rcll some co~‘.r,~~p;l:~rr I-C~III,L~each end of
them, at the extremity, :ttxP ron11t1 t’i~!- ~ho;~ii.
tTTe l-tY;l\’ l.t’!AlI;Wk.
that VIA the chzirging of Iloman candles,
3s their cfL ct dtxp~:b:ds ~21ctatly CMthe appearance of the stars,
which ioxue out in sucmssion, too much care cannot IJe used
in pJ-eh>rvin g the star.composition
entire. To do this, much
art is retluil-c,tl in putting in, and ramming, tile rockrt composition, se, as not to injure or break it. -IIle quantity of
gunpowder to each star must be small, otherwise it might
burst the case. Hornan candles may be fired singly or seveTo fire one
ral :It a time, according to the effect required.
Tn a I handelier, f‘or instance, it is only necessary to prime it,
With priming p;:sfe; but, if we wish to form batteries in an
artificial fire-r1 kc:!-k, in order to produce a variety, or to mount
them on fix< d or moveat)ie pieces, we may, if necessary,
terminate their effect with marrons, which may be effected
b?,runiting them in such a way as to make the fire of the one,
i.j

at a given time, communicate to the other.
This communio
communication is usually made through the choak, by attaching a
match, which is carried to the mouth of the marron; so that,
when the candle has burnt out, the last portion of the fire
may pass to the marron, the cEect
&ect of which is instantaneous,
If necessary, priming paste may be used to facilitate the
communication
of the fire. The marron may be fixed directly under the bottom of the candle, by mnking the whole
solid by a paper cylinder, which fits over the ends of both.
The mosaic candlrs, as well as mosaic simples, are formed
In cases of the same thickness as sky-rockets, from which
they &f&r in the introduction
of stars along with the composition.
We may remark, also, that they are rolled without
pasting; 2nd although Morel recommends choaking the cases,
yet a writer of more recent date, M, Bigot, whose practical knowledge must be great, recommel:ds plztggirzg them
on the stick or railer.
This is done by merely turning the
end down about half an inch, and then beating it. Before
the composition is added, he advises, also, the introduction
of two or three fingeys’ thickness of clay, which is rammed
very solid.
This answers for a base, and supersedes the
necessity of choaking.
If, as we before remarked, it is necessary to communicate
fire from this end to a marron or
any other case, the cla\~ must be bored to the composition,
and quickmatch inserted; or, inste;ld of this, the case itself,
above the clay, may be perforated, and a communication
co;nmunication
in
this way made.
Besides the ordinary Roman candles, int<:ndCsd expressly
for exhibition, there is another preparation, which got> tin&r
the name of the incendiary Roman candle, used for thr purposes of war.
This preparation is composed of three parts
of sulphur, four parts of saltpetre, one part of antimony,
and half a part of meal-powder;
but this, together with the
incendiary stars, we purpose to consider when we treat of
3fii(itnry h-e-works,
Sec. VI.

ClJ f%suic J’iq!des.

Mosaic simples are in reality nothing more than a variety
of
Gf the Homan candle, being formed
in the same tnanncr, and
of the same composition, except that the moulded stars are
different,
difftirent, and produce another effect.
‘I’he mosaic simplcs
pro:iuce merely a tail, or spout of fire; whereas the Kornan
cantile throws out a brilliant star. They may be used with
mamom in the same manner as the Roman cand!e, The

length of the case is fifteen inches, and seven-twelfths
of an
Mosaic simples are very appropriate to
incf In diameter.
terminate a piece. A number of cases may be us4 by
pl&eing them in such a manner, that their fires may cross each
other, an effect more striking than the ordinary mode of exhibition.
This may be accomplished by arranging them, two
and two, to a horizontal stick, observing that their mouthc;
are up, and that they cross each other. They- are lashed to
the stick, and leaders are carried from the mouth of one to
the mouth of another.
This communication is so managed,
They rn~g- be
that two pieces discharge at the same time.
employed in a variety of ways, according to fglncy.
Sometimes pvrimids forty or fifty feet high are furnished
on each side, with cases of mosaic simples, with a star at
the summit, and white and coloured lances differently dispersed.
The curtain of fire, produced by so many c-ases, the height
to which it rises, the appearance of thr: ~~,t:*vdlth the varicgated and diversified e?Fcct of’ tllr coi~~~red lances, all contribute to the splendorlr of‘ thl:; a~ ransre:i;r;nt.
b
(2 i?z~?csxlfsn&#
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Or in proportional
parts: saltpelre, ffiur pa: :3; sulplllir,
ha91
;t
part; meal-powdtr,
sixteen parts; and charcoal, three parts,
These substances,
being finely pulverized,
and intimate13
mixed in the usual manner, are combined with gum-water,
&c. as dirttcte! f(:r prtl)arltlg
stnr-s, and cut into lozenges,
which arc then rolled in priming powder, and dried in the
shade.
Sec. VIL

Of

Moosaic

Touddlons.

We may merely remark, as we have mentioned tourbilIons heretofore,
that the cases for the mosaic tourbillons,
by which name they are designated, are seven inches in
diameter, and
length, five-twelfths
ot’ an inch in interior
nine-twelfths
in dsterior diameter; and that the composition with which they are charged, is compbsed of sixteen
parts of meal-powder, an:r three and a half parts of pulverized charcoal,
See Tau-billona

M. Diller, some years since, exhibited at the pantheon of
Paris, artificial fire produced by the combustion of hydrogen gas. F. om the short acrount we have of this exhibition
in the diictiomlaire
de I’l,&ztslrie,
vol, iii, p. $9, it seems,
that he employed three difrclent air, or gases, and produced
three diKerent fldmes: viz, wirl;t, blue, and green, which
were made by the mixture of the three gasc s; and that he
represented very perfectly, suns, stals, triangi:ds, the t loss of
Malta, and sundry figures of animals in motion.
We may remark, that, if hydrogen gas be pure, tht f&me
is of a yellowish-white;
but this, however,
is sttlriom the
case, as the gas is always more or less impure, and, according to the substances it ma\ hold in solution, so is the flame
tinged. It is most trsually’reddrsh,
becatrse the gas holds in
solution a little charcoal. In Carl\! r.iAi*i:-s firr”, ether is alwavs mixed with the whole, or a ~~~t-of iiit: g,~:;, which is
brought to the state of vapour by the application oC a gtntle
heart, or even by immersing the bladder of gas, which contni~s tire iiqctid ether, in hot water.
‘I\-hen cu:llbinecl with arsenic, in the form of arsenuretted
hvdr.ogcil g;:s, by,drogcn tJilrlk3
with a blue flame; combined
w*ith phos!jho:-iI:; ir takes fire spontaneously,
producing
a
white flame with a ben~~tii~ul corona, caused by’ the formation
of water; and when combined with sdphur,
forming sulphuretted hydrogen or hepatic gas, it t;urns with 3 bluish red
Variou:, mixflame, and a quantity of sulphur is d<positeC.
tures of hydrogen with other gases, in due prol>ot.tiotlS, .ti,rill
produce different coloured flames; so t&t, by pa>-ing ;!tltiudion to this circumstance,
the same variety of appearances
may be produced, as in Diller’s exhibition.
Bladders, (or sacks made of oiled silk, which are preferable), when filled with gas, and connected with tubes, revolving jets, SLc. bent in different directions, and formed into va+
rious figures, and pierced with holes of different sizes, will,
when pressure is applied, allow the gas to pass through the
direrent tubes, jets, &c. which, when inflamed, will represeni
the sun and stars. If to this be added, triangular tubes, tubes
in the form of the cross of Malta, or any other figure, they
being pierced in their sides with a great number of holes not
larger than the point of a pin; it is obvious, that fixed pieces
may be represented, as well as revolving
ones, In this manner, Diller must have made his exhibition.
Hydrogen gas is usually made, by pouring on zinc, or iror

filings, iu ;1 gas bottle, sulphuric acid diluted with six times
its weight of water.
The latter is decomposed; its i’xygen
unites with the metal, and while the oxide is taken up by the
acid, the hydrogen passes off in the form of gas, The gas
may be received directly in the bladder or bag.
The mj’amnanble
air pistol is nothing more than a hollow
metallic cylinder, or an instrument in the shape of two cones
joined base to base, and furnished with a touch-hole, and
handle. This pistol is filled with a mixture of hydrogen and
oxygen gases, or in lieu of the latter, atmospheric air; a plug
or stopper is put in the caliber, and, when the touch-hole
is brought in contact with a lighted taper,, an explosion will
take place, and the plug be sent out with much force. The
Same effect may be shown by passing the electric spark over
the touch-hole,
and hence, on an insulated stool, a person,
charged with electricity, may set it off by the finger or nose.
This pistol is usually called the Voltaic pistol, from Volta,
who is said to have invented it.
1VErBiot (Traite’
de Phy,~ipe
Experime)ztnZe,
kc. tome ii,
p:+35) describes the Votaic pistol as a metallic vessel of a
spheroid shape, furnished with an aperture and pipe, and with
a conductor for the electric fluid, which passes through the
middle of the vessel. This conductor is insulated, as it goes
through a glass tube, and extends to within an eighth of an
inch of the middle; and directly opposite to this conductor
is a metallic wire, having, like the first conductor,
a small
metallic ball on its end. This conductor is placed a short d.iistance from the first; so that, when the elect;*ic Suid is conducted, it passes from one ball to the other within the pistol,
and hence inflxmes the hvdroqen gas. tt’ith respect to the
form of the pistol, it is of no moment whether it be cylindrical, conical, or globular, as the effect is the same, provided that it contain a sufficient quantity of gas, and the spark
is conveyed through the gas, or the gas is inflamed bv a vent.
The air pistol described by Brande (Brand2s Chenz&-y) is
cylindrical, or rather in the shape of a cannon, and, where
the touch-hole should be, there is an insulated conductor,
which conveys the spark to the interior.
The Ybltazc Zanzp is also a contrivance !,y which hydrogen
gas is inflamed bv the electric spark, which sets tire to a taper. The original lamp h:?s been greatiy improved, and sirno
plified. The eudiometer of Volta is another contrivance by
which hydrogen gas is burnt, in a strong tube, by the eleca
tric spark.
The detonation of inflammable air may be shown over z

pneumatic
tub, by filling metallic
gas-holders
with a mixture
of hydrogen
gas and atmospheric
air. When
flame is brought
in contact
with the mouth
of the gas-holder,
an explosion
will immediately
take place. Soap-bubbles,
blown with hydrogen
gas, mixed
with
atmospheric
air, will take fire, on
The
presenting
a lighted
taper, and give a slight explosion.
ascension
of these bubbles demonstrates,
that the gas is lighter than atmospheric
air, and it is its extreme
levity
that fits
it for the purpose of filling balloons.
It mav be made twelve
rimes specifically
lighter
than atmospheric
air, by passing
it
over dry muriate
of lime, in order to absorb the moistul’i:
it
may contain,
provided
the gas I)e free from carbon, or carbonic acid.
Light
carburetted
hydrogen
gas, or *fire-damp
of miners,
is that gas, which so often former-l\.
produced
many dreadful accidents by its explosion.
-l-he in f-zntion, by Sir H. Davy, of the safety-lamp
prevents
this eff&t.
The principle
of this most valuable
discovery,
appears to
be altogether
in the Gne metallic
gauze case, which
surrounds
the flame of the tamp;
so that, as it is found
by numerous
and repeated
experiments,
the iuflammable
air; if present,
cannot take fire outside
of the gauze;
in other
words,
the
flame, iti the interior
of the case, is prevented
from setting
fire to the exterior
atmosphere,
however
explosive
it may be.
Hydrogen
gas,in combination
wit;) carbon, is not only generated in mines
and coal pita, (in the latter of which, it is
the most abundaut),
but is frequently
found 011 the surface of
springs in the form of bubbles,
usuallv
however
combined
with sulphur;
and in many places on the surface of the earth.
It may be inflamed
by a candle.
The burning
springs
consist
of this gas which is set on fire, and the combustion
is kept
up by a constant
supply of gas from the same source.
In the
East, this gas is very often conveyed
under ground
through
hollow reeds, and is constantly
kept burning,
At other times,
St is conveyed
to the sacred temples,
as with the Zoroaster-s,
and burnt as holy jre;
and in some countries,
it is so abundant, that the natives employ
it as fuel for boiling
their pots.
It is found
in different
parts
of the United
St ties.
A
striking
incident,
showing
its effects, occulred
I :tel:- mar
Cincinnati,
in the state>f
Ohio.
It appears, ti1.21, in making
an excavation,
and boring for salt water, the \vox-kmen penetrated their
augur
into a cavity, which
contained
au abundance of gas, and which, with the water, made its wav to the
excavation.
Not suspecting
that the gas was ‘n2amm>tble,
or
being unacquainted
with
it, and apprehending
no danger,
sn

’
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they brougirt

a lighted taper; and the gas, being mixed with
air, explodtd with a noise SQ considerable, that
it: wirs heard several miles in the neighbourhood.
The men
%vere much burnt, some of them dangerously.
The gas was afterwards
inflamed by applying a taper, as
it rose in bubhiies from the surface of the water.
The philosophical
candle is nothing more than hydrogen
gas .?c:ton fire as it proceeds from a capillary tube, being
foi-mcd in a bottle to which the tube is attached.
The most
brilliant flame, however, is produced by hydroguret
of carbon, or olefiant gas.
Inflammable air is ofzen generated in the stomachs of dead
persons, for, on applying a lighted candle, the va~oz~ has
byen known to take fire. Dr. Swediaur relates some instances
of the same
kind, but in living persons, in which the urine
of the by-standers was made use of. According
to several
authorities, combustion has been known ho take place sponLair, however, is of opinion,
taneously in living persol
that, in these cases, it must have occurred by some slight
external cause, such as the 61-c of a candle, taper, or pipe.
There c.an be IPG question as to the developement
of hydrogen
gas.
Rb-SC, * ~:IL~WI*JU~Geography, article Persia, p. 588), after m~wi~mng
thtl Persian guebres, the disciples and succes‘:(-)1$ .Qi
c ti;t: ancient magi, and followers of Zoroaster, speaks
!2tW
2 combustible ground about ten milts distant from Baku,
:I city in the north of Persia, as the pIaCc for their devotion,
This ground contains several 014 temp!es, and is rcmarkaa*-?T,le air it emits, which is emble ior the quantitJr of ini!nm.ihC
ployed to product III.,CJs~x~~s~:~~?~me
ef miversal.fire.
If the
I\ : ih it stick, there will issue out such
y;(y;.
;I;; i ew-lrat~cd
.’ i, t
! -; P, 5 ; !:tiL: ~;f inAa:rrrnable air, as, when lighted,
xvi11 l,~rn for a ct~n~~~!~~&ic time. This gas, we remarked, is
L :li]>!GJ
cd
there ior li+til:g,
cooking, and other purposes,
“i.‘hf: n:iifh!ha dis;ricts,- in Persia, furnish this gas in abuna
atmospheric

dauie.

SC c

ATu~~i!tlln

A Sandusky (OEio) paper states, that, about one mile and
:i quarter frc;m Milan, is a place just in the edge of the water
\li‘ Huron river, where there is a current of inflammable gas,
AWL blms with a clear bright blaze, and is in sufficient quan*
-iti- to tirjht ten houses,
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CHAPTER
OF TI-IE MANNER
ING FIRE-WORKS
TION.

X.

OF FIXING
IN GENERAL

AND
ARRANGFOR EXHIBI-

Having already treated of the formation of various kinds
of fire-works, we come now to consider their arrangement in
fixed and moveable pieces.
It is obvious, that the order of arrangement,
the manner
of disposing the work, or establishing pieces for exhibition,
may be greatly varied according to taste and fancy.
The
great variety of fixed and moveable pieces, consisting of suns,
moons, stars, &c. which may be either made permanent, or
to revolve on, or round a centre; or of wheels, double, single, or treble, either moving round other wheels, or by themselves in a vertical or horizontal order, togctber with the arrangement of fire-pots, and coloured lights, the management
of rockets, the formation of aerial stars, serpents, tourbillons,
&c. and the imitation of cascades, girandoles, and water-falls,
all depend on the taste and fancy of the artist.
It is our intention, therefore, in the different sections of this
chapter, to give the order and arrangement of pieces, as adopted in Europe, and particularly
in France; so that the manner
of fixing any one piece, or combination of pieces, to produce
effects of different kinds, may be seen at one view.
The
moveable pieces are generally made of whe&work,
the wheel
always turning upon an axle, which may pass entirely through
and be kept on by a nut or pin. ‘L’hey should revolve without
much friction, and, for this reason, the spindle should be of
metal, and oiled or greased.
Black lead, along with tallow,
will diminish the friction verv considerably.
As to the formation of the wheel, whether it be solid, or formed of spokes
and a band or hoop, or made with several concentric bands,
placed at given distances apart, 8s~. the observations on [his
head will be found under the respective articles, and, &cuerally, on all other pieces for exhibitir\n.
We purpose, in a subsequent chapter, to notice particularly the works, made in and on water, usually denc,,ilinated
up&c
f&-works;
as their arrangement, in many respects,
differs from those on the land. Aquatic works furnish a variety, both in character and effect, Bnd, therefore, are calculated to produce, in conjunction with land works, a brilliant
spectacle. Of this, we have an instance, mentioned in the in-
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Fit-e- Wiwks. [PT. hr. es. i

Arrangiyq

and

troduction to this part of our work,
tion at the ont Neuf in Paris.
Sec. I.

Of the

of

Composition

in the splendid

Wheel-Cases,

exhibi-

standing

and

fixed.

It may not be improper, before noticing the arrangement
of wheel-cases, to give in this place the compositions, which
are used for charging them, reserving,
however, the notice
of some preparations, when we treat of such works, in which
they are particularly
employed.
Wheehxses

1. Meal-powder,
SaItpetre,
Iron-filings,

from

two ounces

.
.

.

.

.

n

.

.

e

”

*

d

V

.

l

.

.

3. Meal-powder,
#
.
.
Saltpetre,
.
.
.
Sulphur,
.
.
.
.
Charcoal,
.
.
.

5.

6.

Meal-powder,
Saltpetre,
Sawdust,
Sea-coal,

.
.

.

.

.

.

.

*
a

.

*

.

*

Meal powder,
*
q
.
Sulphur,
.
.
.
Saltpetre,
.
.
.
.
Glass-dust,
.
.
.
Meal-powder,
Charcoal,
Sawdust,
.

Sulphur,

Charcoal,

.
.

.
.

.
e

l

o

.

.

.

D

.
.

.

.

.

.
.

*

1
4
8
24

w

-

*

*

1

e

.

4 lbs.
l8 oz.
4; 8 oz
4l& 3-

.

.

.
s

7. Saltpetre,
.

.
Z

2 lbs,
l:!oz.
43s

.

..

-

2 lbs,
4 oze
7--

*

h

Z. Meal-powder.
Saltpetre,
Sulphur,
Steel-dust,

4.

pounds.

.

.

.

to four

lb. 4 oz.
10 dr.
-

12 oz
l&.1 lb, 9
4 sg -

oz;
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8.

9.

compos~tio?z
of Wheel- Cases.

-Meal-powder,
.
.
Saltpetre,
.
3
a
Sulphur,
.
.
.
Sea-coal,
II
.
Saltpetre,
.
Sulphur,
.
Meal-powder,
Glass-dust,
.

.

Saitpetre,
Steel-dust,

Sulphur.
Charcoal,

t

2.

3..

Saltpetre,
Sulphur,
Airtimony,

.

.

.

.

.

1

.
.

.

.

2 lbs.
2: d oz.

.3

.

.

.

.

.

2 lbs. 13 oz,
8 4-

.

.

.

.

24 -

0

.

.

l

.

.
v

,

,

XZozv fire for wheels.
.
.
.
*
.
.
.
.
.
.
.
.

.

l

.

.

’ .

l

.

l

l

.

.
.
.

.

e
o

,

Dead.frefor

4 oz.
2 -

.

,

.
.

1. Meal-powder,

6

1;

-

4
l1

oz.
-

e

4& oz.
l-

p

18 -

o
D
wheel;,

;
1. Saltpetre,
Sulphur,
, . . * e
D * ~
&apis calaminaris, (prepared calamine,)
Antimony,
,
D
.
D
*
Standing,

3 -.
c&z.

2 tbs.
ld$. 4 oz.

.

.

*

.

Saltpetre
.
Sulphur,
.
Meal-powder,

2

*

.

.
.

1. Saltpetre,
.
Sulphur,
.
Meal-powder,

.

.

.

12. Saltpetre,

.

.

.,

11. Meal-powder,

Steel-dust
Beat iron,

.

.

.

10. Meal-powder,

l-

.

*
.

.

2 lbs.

1

.
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U

4

Ibe,

6 dr>

2. Meal-powder,
Saltpetre,
Steel-dust,

.

.
.

(1

4* Meal-powder,
Steel-dust,

D

c

*

-

1 lb. 4 oz*
4 oz.

.

.

.

.

.

.

e

.

.

n

.
.

n
n

1, &Ical-pow&r,
Saltpetre,
Steel-dust,
Sulphur,
.

c

c

I

.

.

.

* Z. Meal-powder,
Saltpetre,
Steel-dust,

$14lbs.
1 2 oz.
2 - IO 4 --

.

.

.

.

.

.

.

-

i

e

23 lbs.
4 oz.
6-

*

.,

l

I lb.
4 oz.

.

O
c

Meal-powder,
Charcoal,
Sawdust,

n
*

3

* .

2 lbs.
l8 oz.

o

.

S, Meal-powder,
Sulphur,
Seacoal,
.

a

a

.

.

6.

(together,)

n

3. Meal-powder,
Charcoal,

2 lbs,
l-

.

Saltpetre,
Sulphur and chakoal,’

*i lbs.
6 oz.
74 -

e

Crowlls or globes.
I.

Saltpetre,
Sulphur,
Antimony,
Camphor,

.
P

.

.

*

6 oz.
i? lbs.
4 oz.
3 -

This view of the compositions
used in fixed and turning
pieces, exhibits the various compounds which have been employed, and, therefore, may be relied upon. Notwithstanding they are considered the standard formuke; yet we mustobserve, that in some, particularly
in the turning sun, with variations, changes are required, in order to produce a variety

in the effect. This is accomplished, by making, in the first
place, a particular composition, and mixing a given quantity
of it with meal-powder, which forms the second change. Of
this second composition,
combined in a given proportion,
with meal-powder, we form a third change; and, in like manner, we employ the third along with more powder, to form
a fourth,
and the fourth to form a fifth.
The particular
manner of making these changes will be described in a future
section.

Of the different kinds of aerticd
wheels,
we may mention, that some have their fells of a circular form, others, in
the form of a hexagon, octagon,
or of a figure of a greater
number of sides, according to the length of the cases designed for the wheels.
The spokes being fixed in the nave?
nail slips of tin, with their edges turned up, so as to form
grooves for the cases to lie in, from the end of one spoke to
another. Then tie the cases in the grooves head to tail, in the
same manner as those on the horizontal water-wheel;
so that
the cases successively taking fire from one to another, will
keep the wheel in ai equal rotation.
Two of these wheels
are very often firtsd together, one on each side of a building,
and both lighted at the same timr, end all the cases filled alike
to make them keep time togcthcr. Thi, imay be. accomplished
in the following
manner.
In all the c:tsf:s of both wheels.,
except the first, and on each wheel, drive two or three ladles full of slow fire, in any part of the cases, Ijut tj:: careful to ram the same quantity in each case; and in the end ot
one of the cases on each wheel, one ladle full of dead-firicomposition, which must be very lightly driven. Many charges of.fire may be made by the same method.
The hole in the nave of the wheel may be lined with brass,
and made to turn on a smooth iron spindle. On the end of
this spindle, let there be a nut to screw off and on. When wf:
have placed the wheel on the spindle, screw on the nut,
which will keep the wheel from flying off. Let the mouth of
the first case be a little raised.
Vertical wheels are made from ten inches, to three feet in
diameter, and the size of the cases must vary accordingly.
Four-ounce cases will be sufficient for wheels of fourteen or
sixteen inches in diameter, which is the proportion generally
used. The best wood for wheels of all kinds, is the light
and dry beech.

kforkontd

wheels

are more

perfect,

when

their

fells

arc

circular. In the middle of the top of the nave must
be a pintle, turned out cjf the same piece as the nave, two
inches long, and equal in diameter to the bore of one of
the cases of the wheel. There must be a hole bored up the
centre of the nave, within half an inch of the top of the pintle. Nail at the end of each spoke, of which there should
be six or eight, a piece cf wood with a groove, cut in it to
receive the case. Fix these pieces in such a manner, that half
the cases may incline upwards, and half downwards,
and
that, when they are tied on, their heads and tails, or extremities, may come very near together.
From the tail of one
case to the mouth of the other, carry a leader, which is nccessary to be secured with pasted paper. Besides these
pipes, a little meal-powder
must be placed in the inside of
the pasted paper, to blow off the pipe, that there may be no
obstruction to the fire from the cases. By means of these
pipes, the cases will successively take fire, burning one upwards, and the other downwards.
On the pintle, fix a case
of the same sort as those on the wheel. This case must be
fired by a leader from the mouth of the last case on the
wheel, which case must play downwards.
Instead
of a common case in the middle, we may put a case of Chinese fire,
sufficiently long to burn a given time, or as long as two or
three cases on the wheel.
Horizontal wheels are often fired two at a time, and made
to keep time, like vertical wheels, only they arc’ prep:~red
Ten or twelve inches ~viil be
without any slow or dead-fire.
sufficient for the diameter of wheels lvith six spokes.
With
respect to spil-al wll~ls, we may remark, that they
are only double horizontal wheels, made in the following
manner: The nave must be thicker than that of the single
sort; and, instead of the pintle at top, a hole is usually made
for the case to be fixed in. There are two sets of spokes,
one set put near the top of the nave, and the other, near the
At the end of each spoke, cut a groove, in which
bottom.
the cases are to be tied, there being no fell. The spokes
should not be more than three and a half inches lonp from
the nave, so that the wheel may not be more than eight or
The cases are placed in such a
nine inches in diameter.
manner, that those at top play down, and those at the bottom
play up; but let the third or fourth case burn horizontally3
The case in the middle may begin with any of the others,
Six spokes will. be sufficient for eachset; so that thewheel may
consist of twelve cases, besides that on the top; the cases six
inches each,
matte

Plural
wheels are different from the former. They arc made
to turn horizontally,
and consist of three sets of spokes,
placed six at top, six at bottom, and four in the middle,
which must be a little shorter than the rest. Let the diameter of the wheel be ten inches. The cases must be tied on
the ends of the spokes, in grooves, cut on purpose, or in pieces of wood, nailed on the ends of the spokes, with grooves
cut in them as usual.
In clothing these wheels, make the
upper set of cases play obliquely downw:trds, the bottom set
set, horizontally.
In plaobliquely upwards, and the nliddle
cing the leaders, we must so arrange them, as that the case
may turn thus: namely, first up, then down, then horizontally, and so on with the rest. But another change may be made,
I)y driving in the end of the eighth case two or three ladles full
of slow fire, to burn till the wheel hasstopt its course. Then
let the other cases be fixed the contrary way, which will make
the wheel run back again.
For the case at top, we may put
a small gerbe, and the cases on the spokes may be short, and
filled with the strong brilliant charge.
spiral w/lee& we must proFor forming
the illuminated
ceed thus: First have a circular horizontal wheel, made two
feet in diameter, with a hole quite through the nave; then
take three thin pieces of light board, three feet long each,
and three-fourths
of an inch broad. One end of each of
these pieces, nail to the fell of the wheel, at an equal distance
from one another; and the ocher end, nail to a block with a
hole in its bottom, which must be perpttndicuiar
tothat in the
block of the wheel, but not so large. Plane a hoop down very
thin and flat, and nail one end of it to the end of the wheel,
and wind it round three sticks in a spiral line, from the whrel
ao the block at top. On the top of this block, fix a case of Chinese fire. On the wheel may be placed any number of cases,
which must incline downsvards, and burn two at a time. If
the wheel should consist of ten cases, we may let the illuminations and Chinese fire begin with the second cases. The
spindle for this wheel must be a little longer than the cone,
and made very smooth at top, on which the upper block is to
turn, and the whole weight of the wheel to rest.
For making the double spiral wheel, the block, or nave,
must be as long as the height of the worms, or spiral lines;
but must be very thin, and as light as possible.
In this
block fix several spokes, which must ditninish in length from
the wheel to the top, SO as sot to exceed the surface of a cone
of the same height. To the ends of these spokes nail the
worms, which must cross each other, several times- These
3E

worms
~lothc
with the same illuminations
as those on the
single wheels, but the horizontal
wheel may be clot!led
according
to fancy.
At the top of the worm, place a case of
qlow fire, or an amber light.
l’nlloo~z -rcJhe~ls turn horizontally.
They are usually
made
two feet in diameter
without
any spokes,
and very strong,
with any nutnbcr of sides. On the top of the wheel, range and
fix in pots of three inches in diameter,
and seven inches high
Near
the
each, as manv as there are cases on the wheel.
bottom
of each pot, make a small vent; and into each of these
vents, carry a leader
from the tail of each case*
Some of
the pots may be charged
with stars and some with serpents,
crackers,
COLE. As the wheels turn, the pots will be fired in
st~cc~~ssion, and throw
into the air a great variety
of fires,
fi-/~~l~~zi zc~h~els are made with a nave, nine inches long3
and cbree inches in diameter.
Near
the bottom
of this
nave:, fix eight spokes w-ith a hole in the end of each, su&ciently large to receive
a tWO Or four-CJUnce
CX’ic’. Each of
these spokes may be fourteen
inches long from the block,
Near the top of this block, fix three more of the same spokes,
exactly
over the others, but not so long by two inches.
As
this wheel is to run horizontr~lly,
all the cases in the spokes,
must play obiiquely
upwards,
and all those in the spokes at
IJottonl,
This
being
accomplished,
obliquely
downwards.
hav<, a small horizontal
wheel,
made with eight spokes, each
C~,ts inches long from the block.
On the top of this wheel,
iJ1;ti.t: a case of brilliant
fire. All the cases on this wheel must
play in an oblique
direction
dowvnw:.u-ds, and burn two at a
time;
and those on the large SV!IC?-i, !‘our at a time;
i. e.
two of those on the top set of s~o!c~~s, and two of those in the
bottom
set of spoi;~,
‘8%~; four first I“”L,,es on the. I:u-ge wheel, and the two first
r?tr the small, must be fired at the same time, and the brilliant
Gre at the top, at the beginning
of the last cases.
The cases
of tlrP ::rheels may be filled with a gray charge.
When these
wheels are completed,
we must have a strong
iron spindle,
four feet six inches long; and fixed perpendicularly
on the
top of a stand,
On this, we put the large wheel, whose nave.
jnust have a hole quite through
from the bottom
to the topa
‘I’llis hole must be large enough
to turn easy round the bottom of the spindle,
at which place there must be a shoulder,
to keep the wheel from touching
the stand.
At the top of
Ihe spindle,
put the small wheel, and join it to a large one
with a leader, in order that they may be fired both together.

P’in wheels, as they are called, are formed
by rolling
some
I’he papaper into pipes of about fourteen
inches in length.
per should be thin, and rolled of three thicknesses.
When
they are thoroughly
dried, procure
a tin tube, twelve inches
long, to fit easy into the pipes.
At one end of this tube, fix
a small conical cup, which cone is called a funnel;
then bend
one end of one of the pipes, and put the funnel
in at the
other, as far as it will reach, and fill the cup with comp:jsiDraw
out the funnel gently,
shaking
it up and down,
tion.
and it will fill the pipe, as it comes out.
Having
filled some
pipes, procure
some small blocks, about one inch in diameter and half an inch thick.
Hound
one of these blocks, tviud
another,
and paste a pipe, and to the end of this pipe, join
which
must be done by twisting
the end of one pipe to a
point, and putting
it into the end of the other with a little
paste.
In this manner,
join four or five pipes, winding
them
one upon another,
so as to form a spiral line. Having
wound
on the pipes, paste two strips of paper across them
to hold
them together.
The pipes must also be pasted together.
The other method
of making
these wheels is described
thus: wind on the pipes without
paste, and stick them together with sealing wttx at every half turn;
so that, when they’
are fired, the end will fall loose, every time the fire passes
the wax, by which means the circle of fire will be considerably increased.
The formers
for these pipes art: tnde
from 16 to rli-16ths
They may be Cred on ;t I3rge pin,
of an inch in diameter.
and held in the hand with safety.

Meal-powder,
Saltpetre,
Sulphur,
Steel-tilings,

ure

9
.

.
.

.
.

8 01..
2-

.

lor the pbmder

a’f cast-iA,

-

j

-

The ingredients
are to be well mixed,
and dry.
need not be very fine, or it will adhere
to the
s’ec. III.

Of Revolving

Suns.

I+om
what
has been said in the preceding
section,
it is
obvious,
that revolving
or turning
suns may be formed,
01
any piece put in motion,
in the manner
already
described

The most common mode of forming a sun, is to attach to
three naves, which proceed from a hub, that revolves on a
spindle, from three to six cases, placing them in such a way,
that they may be fired successively. The jets, or spouts, proceeding from the cases, constitute the rays, the sun being in
the centre, which revolves with the cases on an axis. The
arrangement
of these cases should be such, as that the six
(as that number is usually employed,)
might form the perime ter.
The cases may be charged with one, or with different
compositions , given in the following table. They are attached in such a way, that the head of the first is nearly in
contact with the ray of the second, and that to the third, &c.
When the first case is finishing, it must, therefore, communicate fire to the second, that to the third, and so on in succession. These cases must be attached firmly by wire; and leaders are used to communicate the fire, as in other works. The
end must be knclosed in the neck of the first case, and the
other end in that of the seconrl, &c. They arc secured in
their respective positions, by tying them securely to the
cases.
With respect to the composition
employed, it may be varied according to pleasure.
In most instances, however, the
ordinary sun-composition is used; but, in other instances, this
is varied according to circumstances.
Morel has adopted
the following
composition for a sun of six cases, the cases
being eight-twelfths
of an inch in diameter.
These cases are
mounted on the arms of the sun in the same manner as before described.
Cona.osition

for a sm avzth am-iations,
eight-twelfths
of an inch

Saltpetre,
Sulphur,
Meal-powder,

-

-

fL’0. 3, t/&d

r
-

-

30. 2, second change,
Composition No. 1,
Meal-powder,

the cases of which
in caliber.

e
.-

-

=

_

-

-

-

-

16 oz.
6 3-

-

2 02,
2-

-

1 oz.

-

change,

Composition
Meal-powder,

No. 2,

=
-

=

s

1-

are
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*Vo. 4, fourth change,
Composition No. 3,
Meal-powder,

-

No. 5,f;fth chayye,
Composition No.4,
Meal-powder,

-

h’o. 6, sixth

Meal-powder
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-

-

-

-

m
‘.

-

l-

p
-

1 oz.

1 oz.
l-

change,

alone, for two changes.

It appears evident, that the changes thus produced are owing to the diminution
of the quantity of saltpetre and sulphur, or, in other words, to the increase of the quantity of
powder; and that the fourth change must contain but a small
quantity of each, whilst the sixth or last change contains
none, except that which is in the composition of the powder. The effect, therefore,
must be proportionate;
for, it
must be apparent, that this diminution
of nitre and sulphur,
and the increase of powder, must render each charge more
explosive, or, in other words, the combustion more instantaneous, and that this effect characterizes each of the changes
in succession, is a result which necessarily follows,
The instructions
given by Morel for employing
these
changes, in the charging of cases, are thus: We take the
above composition
for the third case of the sun. The first
case is of common fire; the second of silver rain; the third of
two charges of common
fire, and afterwards
a ch:irge of No,
1, the second two charges of No. 2, the third three charges
of No. 3, the fourth four charges of No. 4, the fifth four
charges of No. 5, and two charges of No. 6. The fourth
case is composed of brilliant fire; the fifth the same as the
third, and the sixth of large or grand jessamine.
We may merely remark, that the sun must be supported
very firmly, and that it ceases to revolve at the fourth, fifth,
and sixth numbers.
Sec. IV.

OJ Fixed

Suns.

Fixed suns are so called, because they remain stationary,
and exhibit the appearance of a sun with innumerable rays.
A fixed sun is formed by putting eight or more strips of
board across each other, so that each arm may proceed from
a common centre, in which a sun is painted on silk. To the
extremities of these arms are attached, to each one in succesg

sion, a case of brilliant fire, which, by means of bodies fixed
in the usual manner, go offtogether.
The two arms below7
for!t~ing right anr;les with each other, are longer than the
XSC; so is also the upper and vertical arm. This. however,
depends upon fancv.
The cases are tied to these arms; and,
aftrr the leaders :I& fixed from the mouth of one case to that
of the other, they terminate at the bottom artd hang below
the vertical arm.
Fire is first communicated to the hanging
match.
Fixed suns are usually employed as a decoration for other
works.
They are sometimes srxty feet in diameter,
and
variously
decorated,
‘They are commonly,
however,
ten
feet. The fire extends a considerable distance, sometimes,
it is said, to the distance of thirty feet; but this must depend
3n the size of the cases.

Fixed suns may be made with transpartnt
faces in the
?ollowing manner: Two rows of C;SE~ must i)cxfixed in radii
from the face of the SW, the sun being in the centre; and
these cases, being placed alternately one above the other, and
preserving the same distance all round, present what is called
a double glory, and make the rays strong and full.
The
frame or sun-wheel is made thus: Have a circular flat nave,
made very strong, 12 inches in diameter, and fix six strong
Aat spokes, proceeding from the circle th:tt c~-~:ltnins tht’ silTi’s
face to the extremity of the wheel, ;md n!so ;vo otElc~ h~r~ps,,
placed between it and thr :;~tn. ‘1’0 thtx:,e, a~rd the external
wheel, the cases are tie:i. \%%x tile casts are tied on,
leaders are attached !i-om the upper to the under cases. ‘llw
front of these sp9Ac.s supports a circular fell, five fccct in rlia\Vithin tl;is is another fell, smaller in diameter bjmeter.
the Irnrgth of oue of the sun cases; and within this also is ;t
third t;klI, whose diameter must be less than the second by
the leng& of one case and one third.
The felis arc divided
into as many equal parts as we employ CXSC’S,which may be
irorn twenty-four
to forty-four.
At each division,
fix a flat
iron staple. These staples must be made to fix the cases
and hold them fast on the wheel.
The staples must he so
placed, that one row of cases may lie in the middle of’ the
intervals of the other. There is a spindle in the centre of
the block of the sun, to which a small hexagonal wheel is
put. The cases of this wheel must be filled with the same
charge as the cases of the sun. Two cases must burn a~ Z-I

“time, and begin with them on the fells.
The pipes of comznunication
are to br carried
from one to the other, and from
one side of the sun to the wheel in the middle,
and from
thence
to the other side of the sun.
They will hold the
wheel steady, when the sun is fixing up.
A sun thus made is called a brilliant
sun, as there appears
nothing
but sparks of brilliant
fire, the wood-work
being covered with fire from the wheel in the middle.
A transparent face is usually
made with pasteboard,
by cutting
out
the eyes, nose, and mouth,
for the sparks of the wheel to
appear through.
A face may be painted
on oiled
paper,
or Persian
silk, put over a hoop, and supported
by three or
four pieces of wire at six inches distance
from the wheel in
the centr~:.
The silk may be painted
according
to fancy.
As to the size of cases for a sun of five feet in diameter,
half-pound
cases, tiIl~t2 ten incfrcs with
composition,
is considered a good proportion.
Sec. VI.

Of the

Rose-Piece

and Sun,

‘P‘hi~ exhibition
may be made in such a manner
as to pro
duce a pleasing
effect.
A rose-piece
may be used for ;i.
mutation,,
or cl;ange of a regulated
piece, or fixed by itself.
It makes the best ap;~;:r,tnce,
when made large.
If its exterior diameter
be sis ice:, it will he a good size.
Let the
exterior
fell be made of wood, and supported
by four wooden
spokes.
All the other parts, on wh~clr the illuminations
are
fixed, must be made of strong
iron-wire.
On the rxteriolfell, place as many half pound cases of brilliant
charge,
as
will be sufficient;
but the more, the greater will be the eKcct,
for the nearer the cases are placed, the stronger
will be the
rays of the sun.
‘The illuminations
should be placed within
three inches of each other.
They must all be fired together,
and burn some time before the sun is lighted,
which may be
done by carrying
a leader
from the middle
of one of the
illuminations
to the mouth
of one of the sun oases.

In order to produce
this change,
the wheel for this p~r,~
pose should
be about three feet in diameter,
and its fell circular , cjn which tie sixteen half-pound
cases, lilletl with brilliant charge. ‘1‘~ of these cases must burn at a time. On each
end of the nave is to be a tin bnrrel of the same construc-

tion as those on the regulated piece.
We must then have a
stand, made of any height, about three or four inches square,
This niece
and saw off from the top a piece two feet long.
is then to be joined again, at the place where it was cut,
with a hinge on one side, so that it may lift up and down in
the front of the stand. Then fix on the top of the bottom
part of the stand, on each side, a bracket, which must project, at right angles with the stand, one foot from the front,
tar the short piece to rest on. These brackets are to be
piaced a little above the joint of the post, so that, when the
upper stand falls, it may lie between them at right angles
with the bottom stand; which may be done by fixing a piece
of wood one foot long between the brackets, and even with
the top of the bottom stand, Then, as the brackets rise
above the bottom stand, they will form a channel for the
short post to lie in, and keep it steady without straining the
hinge.
On the side of the short post, opposite the hinge,
nail a piece of wood of such a length, that, when the post is
perpendicular,
it may reach about one and a half feet down
the long post; to which, being tied, it will hold the short
stand upright.
The stand being thus prepared, in the top of
it, fix a spindle ten inches long.
On this spindle put the
wheel; then fix on a brilliant sun, with a single
y. The
diameter of this sun must be six inches less than that of the
whpci.
When we fire this piece, attention must be paid to
light
the wheel first, and let it run horizontally
till four
cases are consumed. Then, from the end of the fourth case,
carry a leader into the tin barrel that turns o’t?er the end of
the stand. This leader must be met by another, brought
through the top of the post, from a case filled with a strong
port-fire charge, and tied to the bottom post, with its mouth
facing the pack thread, which holds up the stand; so that,
when this case is lighted it will burn the pack thread and let
the wheel fall forward, by which means it will become vertical. Then from the last case of the wheel, carry a leader
into the barrel, next the sun, which will begin as soon as the
wheel is burnt out.

Caprices are so called from the particular motion they assume, and are regulated according to the order and maimer
of their firing.
A perpendicular
shaft, or post, is first provided, in which
are placed two sets of spokes at some distance from each

$02

s)thcl-.

At t’hc cxtreruitics
of these spokes, joints are made,
on which
the cases are fixed.
TIlese
cases communicate
The first which takes fire, diswith each oth<.r hy lenders,
charges uper.ards;
the second, vertically;
the- third, horizontally;
and the fourth,
fifth, sixth,
and seventh,
go off at the
Gz. the fourth,
upwards;
the fifth,
~r&:ally,
a
same time;
Iittlc inclined;
the sixth, horizontally;
and the seventh,
ver;idp
The
match of communication
is fixed by a portri 1-C’.
The arrangement
of this piece, to produce
tile e&ct,
den
pends on the construction
of the wood-work.
The great falling
caprice differs from the foregoing
in the
f~,llZ,~vi~,g plrticular,
that it separates itself in the midst of its
It i:; formed
of three wheels,
which
9irc jii~uI, 19;1t t,. jxwts.
appear as f::i~*; Lut at a ~:~_r~:~iu timi: aftt:r the fire is commupositions.
nicated,
they scparatt:
an4 nc^rr~;~v ccrtnin
is f~~;_lr~necl hy placing3
Mercury’s
Wand,
as it is cilir:il,
across each other,
two pieces of wood, and at the cxcrcmity
of each four lances parallel
to each other, and on:: obliquely,
These lances of illumination
must be connected
bv lcadcrs.
CJi
each
leg,
Circc;l:,r
bands are attached
to the extremity
\vhicl1 t*:lminatcs
in the cclntre, and the wings or legs move
in oppobi’lc
ifircctic>ns.
The dotrble crescents,
thus formed,
produce,
in turning,
a v:ti-i:‘ty
c:f figures.

ded, which o~~ghr to he p:~r::l!:.I “ti’i:!: the IaTt. The cases ax
then clothtld with leaders, so thr;f tile>., with the illuminalions and stars at top, may all rake Sre together.
Fire trees may be formedby placing cases at an angle of 45
d t’grzes, inclining upv;arJs from the trunk, and at certain cfis..
tances from each (:ther. The two last cases m;+y incline downwards. Casts may also be placed on the trunk itself, so that the
whole will rczsemble a body of fire.
Fire trees are commonly m:me about six feet long and three inches in diameter,
‘The cases are generally fixed to pegs At the top of th<.:tree3
a four inch mortar is fixc~d, which is lozlrled with stars, rains,
or crackers.
In the middle of this mortar, we may place a
case fill& with any sl)rt fjfcharge,
which must be fired with
the orher cast’s. Brilliant fire is generally employed.
‘The
fire is communicated, as in other works, by means of leaders.
which are fired at the bottom.
There is also another exhibition often made with t!le scs
yew-tree.
‘The middle i)iecc or stem
caIled ilhmtinated
on which the branches ale placeJ, is generally eigllt feet six
inches high.
The branches all incline downward, and shorten as they go up
The number of branches on each side is
six, and their length is determined according to judgment.
When the branches are fixed, place illuminating
port-fires on
Ihe top of each, as many as are required.
Behind the top of
the stem, fasten a gerbe or fountain of Chinese fire, which
must be fired at the beginning of the illuminations
on the
Fires are often made to intersect each other, which h:ls :.
good effect. For this purpose a perpendicular
post is provided, of any thickness, so that it is sutficientlv strong to hold
the cases. There are two pieces of wood which go :WOSS
the pn:tt, two feet six inches apart and two feet in lengt!:. On
the+ end of each of these pieces thtre is usuail;; ;I 5*:~l~:>i~~ted
star. LllS
(=’ st,rrs are :nw,r!; cm;tloux!.
P.?,;L-,:i!‘C i: -i ti t,) the
post in such a v;:-:r~t’;.li r;i~ ol th,l!;* ;:I~!;:I:. i~i,?i.~~~li and two
downwards, both 6;~ nring ;m araj$~; i I n;i;iti ~3 grcd’s, or forly-five dtlqrces with the po:;t. CO th~;e ;:k:s;j ~1c fi~~:d half
<ound cases of brilliant
fire. All the v;I:~;~ n~ct stars rngs:
lx IJlYLl at once.
It is obvious that by :hi5 ;~rr~ngemi’r~: (~4
the caxs, the fires must cross, and thus by intersecting
11it L.1)
l\ther afford a greater viiriety.
is;f~‘. X.

‘(I/’

the Pyt-m:id

cf

llower

Pots.

‘This i?iccc- is formed by attaching to a post, ten or twefvo
‘c:ct high, and placed perpendicularly
in the ground, fo7.1;

’

r*ail; or pieces, two feet apart, which must diminish
in length,
59 as to represent
a pyramid,
The
bottom
rail must be six
feet long.
On the bottom
rail fix five paper mortars,
each
three and a half inches in diameter.
Let one be opposite
the
post, and the other four equally
distant
on each side.
Lcjad
these mortars
with serpents,
crackers,
stars, kc.
In the centre of each mortar
fix a case of spur-fire.
On the second
rail fix four mortars
so as to stand exactly in the middle
of
the intervals
of those on the bottom
rail.
On the third rail,
place three mortars,
on the fourth, two; and on the top of the
post, one.
All
the mortars
must
incline
a little
forwards,
that they may easily
discharge;
and the spur-fire
rammed
exactly alike, that the mortars
may at1 be fir-cd at the same
time.
The pipes of communication
being prepared,
carry
then> From une spur-fire
to the other.

‘rhe
piece,
required
in forming
a twelve sided figure, is
i)reFared
in the following
manner:
A ball must
be turned
out of-‘ solid wood, fourteen
inches in diameter,
and its surface is to br tli~idcd
into fourteen
equal parts.
In each tiivision bore hnles of a half inch in diameter,
perpendicular
to
the centre, so that the-y may ali n]cLt in the middle.
In the
inside of each hole, let ther2 hc turn::d
a female screw-.
To
all the holes but one must be made
a round broke, five feet
long, with four inches of the screw at one e;tl to fit the
holes, In the screw end of all the spokes, borL: a I~cr!: iit c in 1
ch-s up, which
must be bored slanting
so as to CCI~C oat nt
one side a iitIle
ahve
the screw.
From
these holes cl.~t a
small
groove
dOlJ,
m the spoke, within
six inches of the other
end, where another
f:ol*r: through
to the other side of the spoke
is made.
To this end fix a spindle,
on which
put a small
wheel of three or four sides, each side six or seven inches
lnzg; these sides must h:ive grooves cut in them, large enough
to receive
;I two or f;ja:r-ounce
case. When these wheels are
clothed
put them
on the spindles,
and at the end 01‘ each
spindle
attach a nut tu keen the wheel f-om f,klliimy OK.
‘I’he wheels being thus fised, carry a pipe fr\,i~~ the mouth
of the first case on each wheel! through
the i101e in the side
of the spoke, and from thence along thy grc3ve and through
the other hole, so as to hang out at the screw end about an
illCl1.
I’he spokes bring all prepared
in this manner,
a ~0”:
must be provided
on v;hich the piccc is to be fired, having al’
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in the top of it to fit one of the holes it-r the ball..
Oi the screw i-lttach the ball and then in the top hole of the
ball put a little mral -i~cl\~(j~~r, and some loose quick-match.
Attcr this, sewn- iv all the spokes, and in one side of the
ball bore a hole, in avhich pnf a leadrr and sectIre it at the end.
l3~ this lc~nder the powder and match
in the> centre are fired,
which will light the* match at thtd endof the spokes all at once,
and bv which all the wheels will be lighted
at the same time”
Therk
may be an addition
to this piece by fixing
a small
Graj;
globe on each wheel,
OI- one on the top wheel only.
charge may be used for the wheel cases.

Casc~iies
of fire may be macle of ;tny size, and with cases
from a half pound to a pound,
or more.
Half
pound cases
are usually the size employed.
C~~itles
rna~ bt made either
fixed, or turning.
The former
arc an ass\>rnl>!:i;;c of pieces of
wood, furnished
with cases ch:~rcr>tl 15 it11 Chin:,::
fire, and
placed one above the other.
‘4’i:tb ~!i~,taacc may be more or
less; somctimcs
f~ ii;21 eight to fiftrb: tl fe::t.
The latter,
or
turning
car,c~les,
‘II.,‘ c~rns;ructcd
about four feet in diameter. 1%~’ v:ilr~>l, i3 made to turn on a pivot, and is P\it in motion
iI\.
ati2ching
to it, in tbc usual manner,
cases of white
fir<,. -‘l’hcse
l’he
~2~:s of Chinese
fire,
plBy horizontally-.
Jvhicil \:]a~ downwards,
ar, p iixed to ti3c wl-mt,f:‘l, (\I- tn ;:rlc,ihc:~
wheel below
this, or above
it, according
to ~;~IIcJ., :~tnri arc
placed with their mouths downwards.
Sometirnc.sin
fact they
play upwards,
and for that purpose art: made to incl:ne
outwards.
In the centre, th~rc: is a case or two of brilliant
fire..
It is obvious,
that this arrangement
not only gives ;I motion to the wheel, and tc the cases of Chinese
firt‘? l;i!t
pi-odl:tcs

in effect

a circdar

:,hc:tt,

whic’n

falls

Iil;c

n rni:-;trlr,.
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ma> be made
of any length,
but must be filled with a brilBits of wood ought to be m&d
on the edges
Eiant charge.
of the cross picccs, having
a groove cut in each piece, and
sufficiently
large for a case to lie in. These bits of WOOJ are
fixed, so as to incline
downwards,
and that the fire from one
tier of cases may play over the other.
Leaders
are carried
Let there be a
from one to the other, as before mentioned.
pip”, hung from the mouth
of one of these cases. covered
at
the end with a single paper, which is burnt to fire the cascade.
Nint: cases generally
form the first tier;
seven, the second,
These cases play domnfour, the third;
and three, the last.
wards, escept the three at top, one of which
is vertical
and
the other two inclining
at an angle
of about forty-five
degrees.
The arrangement
may be varied at pleasure.
‘i’he only thing
to be attended
to is, to fix the cases in such a way, that the
fire which proceeds from them map p:~ss over the tier immediately
underneath,
that the effect may be 2cneral
,incl uniform.
Chinese fire may be used, as in the former instance,

SLY*
XIIr. Of Clhese

Fountazns, and Parasols.

‘The manner
of constructing
the wood work of a Chinese
fountain
is as follows:
Procrrrc
a ptrpcndic
u 1ar piece of
wood, seven feet long, and two and a half inches square.
At
sixteen inches from
the top, fix :‘!i: :i?t front
a cross piece,
with the
one inch thick,
and two and a haii’ ittchcs broad;
broad side up. ISBelow this, fix three: n.c~r~: pit I CA;;at’ the satne
width and thickness,
at sixteen inches fro:n each r)ti:;:r.
i.ct
the bottom
rail be five feet long, and the others CJi sttci:
;L
length as to allow the fire-pumps
to stand in the rnidciic
o!
the intervals
of each other.
The pyramid
being thus madt:,
fix in the holes, made in the bottom
rail, five fire-pumps,
at
equal distances:
on the second rail, place four pumps;
on the
third, three; on the fourth,
two; and on the top of the post.
enc. Place them all, however,
to incline
a little
fornnrc!,
sea
that when they throw
out the stars, they may not strike
against the cross rails. The fire pumps are to be clothed with
leaders,
in order that they may all be fired together.
Cases for Fire-p7c7?lps are made in the same nlanncr as those
for tourbillons.
See Fire-pump,
a;;d aist; F~?*P tj2ts of various
kinds.
?‘h, effect of these cases depends entirely
on the star-corn position.
Stars, previously
moulded,
arc introduced
into thcna
along with meal *powder.-

Parasols are also formed with Chinese fire,
A horizontal
wheel is provided,
and its circumference
is clothed with
eight or ten cases of that fire, Thcsc cases ma)’ be jive-sixths
of an inch in diameter, :tnd, when inflamed, should throw
their fire horizontally.
The fire, :n this instance, is made to
resemble a sheaf; but the ordinary composition is generall;,
used. The cases, however,
should play horizontally.
To
make the wheel turn on its pivot, two cases of white fire arc
attnchcd to it. ‘The parasol, produced by the fire. is from
twenty-five
to thirty feet in diameter. It is formed in consequence of the fire coming in contact, and producing a concave sheet in its fall, resembling a parasol when extended,
Sec. XIV.

Of Wings or Cross E’k.

Nearly similar to one of the pitIces descrihcd, that of the
bepresentation of a tree, is the cros+fire, or ix~i)Lgs, a name
given to it, because it resembles the sails, or wings of a windmill.
In forming this piece, two sticks, eight feet in length, are
provided, and thritugh the ccntre of each, a square hole is
made, ic) IUX+~-C ;I piece of iron of the same size, through
which is a hole to admit a pivot.
LI’I:cn these sticks are put together, there must bc a suff~‘ icn: clistnncc between them to prevent their rul~t~ing c:~ch
tit Ilc’i’ . Five cases, charged with the con~posilion of iJrilli:lilt
fire, are fixed to each extremity, proceedin:: towarris the centre, at a short distance apart, ar,d n-z:iking in all twenty casts.
Pour of these cases are phxed ;:t c:rtch end, n~nrly horizontally, resembliu~
the round3 of 3 ktdder, the sticks being
nearly vertical;
and the one nearest the centre is plaecd al,The cases, bein< con
most vertically, or rather c!)liyuely.
rlected with leader: , when fired, turn with the sticky in a~
oppcsitc tiirection to each other.
When three wheels are exh fiirnished with Tao rounds o!‘
white and coloured fire, and arc so arran.ged, tbt the periphery of each should pass over iu successiGu at t’ A. distance
of ninety. degrees of the pcrinxter.
this piece is then called
by.- the whimsica; name of the Z~ze-k?zot,

Galleries

of fire are formed

by attaching,

to long strips of

wood, at convenient distances from each other, cases of ChiAt the end of each case, is
nese fire, which go off together.
put a marron, which, when the case is burnt, ends with an
explosion.
To form batteries with marrons, in connection with Roman
can&s, they are tied at two feet distance from ecrch other,
These batteries, like
on long sticks, leaders being attached.
the fire gallery, usually accompany other fire-works.
We may here remark, that thunder- is imitated by marrons,
which are fixed in the same way two feet apart. -1’0 produce
the effect, and increase the report, it is necessary to use them
of Jifl’erent sizes, from a quarter of an inch to three inches
calib:r.
‘I’l~ey should be preceded by flashes of Iightniug,
which is irrlifztd
either with powdered rosin, or lycopodjum,
in the manner described in our chapter on Theatrical
FirePv?4cs.

Girantloles, for the purpose here noticed, are nothing more
:h;tn \vlrC<:Is which turn on a pivot.
They are made of light
wood, with a rim :Gmitar to that of a sieve, and are clorhed
with cases, .8’svi, C>.>(‘Sarc’ tired at a time, which burn in an
opposite <ii;-cction.
tiiraudules
may bc m~:!i!: to itrlitatc a parasol, by placing,
horizontally, cases charged with thy i)l\tt:-fire composition,
or with that of the Chinese fire. Cas~ndes may he formed,
by arranging them vertically, horizontally,
and some at an
anglti of ten or fifteen degrees from the horizon,
The bU?lCl~
of j/c7cc}.s is r::prcscnted by using, at the same time, case:2
of .$tlls litIns, :~d one inch, charged with Chinese composition, as given iI1 1;‘~ Tab!{: for calibers of that diameter.
See
Chinese Fiye. Cracks-rs *.~re formed by attaching Roman candl~s and Xosaic simi~ies, and the sheaf is shown by fixing in
the centre s3me ernpt! cacies, on which are strung small rockets, which are tired 1)). the last case.
There are different mudes of varying the elect of the girandole. They mai’ imii-ate the fire-rain, by employing cases
charged with tI)at composr~fon, which is given in the chapter on Theutrictxl F&-e- N>rLs.

For this piece, a circular table is formed
inches in diameter, and one iz;ch and a quarter
3 a hole made in the centre, which is furnished

about twent>
thick. Ther::
with a pivot

Twelve
inches from the circumference,
and at equal distances, eight holes arc to be bored, to receive the S~II~C: number of pots, of two inches caliber;
and, in the irnmediatc~
vicinity
of the centre hole, which receives
the pivot, four more
are made, for four other pots.
Eight
arms, three inches
long,
project
from the table at
equal-distances,
on which is fastened a hoop one inch in width,
The tire-pots
are now put in the different
apertures,
which
are made sometimes
to screw in; and the frame, of which we
have spoken, is furnished
with cases of brilliant
fire.
It is necessary
that this piece should
go off at three lires;
but the order of firing may be varied according
to circumstances.

A regulated
piece, if me11 executed,
is considered
as curious
in its effect as any other in pyrotechny.
It consists
of fixed
and moveable
pieces on one spindle,
representing
various
figures, which take fire sucecssively
one upon another,
without any assistanzr
after lighting
the first mutation.
I. Names of the mutations,
with
the colour
of fire, and
size of the czse, belonging
to each.
I;l:rst mutation
.-This
is a hexagon
vertical
wheel, illuminated in front with small port-fires,
tied CID the :;pokes.
‘Phi,
wheel must
be clothed
with
tn o-<>tisi:;’
(:AI:Y’<, I‘:~~c,c? \\~iri:
The length
ctf these CX-,. :, is ~;!~tcrminecl
11%.
black charge.
the size of the wheel, I:;:t ~.n:h [i:~‘,’ !i:::,:; :,:r:~~!\~.
Second A&!~rtcrficz.-‘lf
his i.: a !ix\:cf i;!t*c*:, c;iilr:d a golderr
r;&d
with
sl)ur fir‘.
‘l-he
glory, by reason of the cases bt’i~g
block,
on
which
they
cases must stand perpendic uiar to the
;irc fixicd, so that, whelm burning,
they may :-cpI~t!sc!lt a ,~*ZO~lr
mutation
is generally
cotn~;:.-xd
!>i five, 0;
of ii1 e. This
seven two-ounce
cases.
,-This
is moveable,
and is only an octagon
T!zid
.Midation
*:ertical
wheel, clothed
with four-ounce
cases, filled
with
‘Iwo of these cases must burn at a time,
krilliant
charge.
In this wheel, we may make changes of fire.
.
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This
is a fixed sun of brilliant
fire,
J’girth
illuiat2en.-The necks of these
consisting
of twelve four .ounce cases.
cases must be a little larger
than those of four-ounce
wheel
cases.
In this mutation,
may be made
a change of fire, by
filling
the cases half with b&liant
charge,
and halt: with
ITV-

This is a fixed piece called the porc~~$?ze
Fifth Jddation.@l/s.
This piece consists of twelve spokes, standing perpendicular to the block in which they are fixed.
On each of
these spokes, near the end, n~\ist be placed a four-ounce
case
of brilliant fire. All these cases must incline either to the
right or left, so that they may all play one way.
Sixth Hzctation.-’ 1-his is a standing piece called the WGSS
fire. This mutation consists of eight spokes fixed in a block.
Near the end of each of the spokes, must be tied two
four-ounce
cases of white charge, one across the other; SO
chat the t,re~ trorn the cases on one spoke may- intersect the
fire from the casts on the other.
Seventh fifhtatiorz.P’his is a fixed wheel with two circular fells, on which are piaced
si:;teen eight-ounce
cases of
brilliant fire, in the form of a star. ‘This piece is called a
fixed star of zviliz’ jr,*,.
This is a beautiful piece, called a brilEighth Nutdon.liant star piece. It consists of six spokes, which arc strengthened by two fells of a hexagon form, at some distance from
At the end of each spoke, in the front, is fixed
each other.
a brilliant star of five points; and on each side of every star
These
is placed a four-otlnce
case of black or gray charge.
cases must bc-: placed with their mouths sidewise, so that
theic fires may cross c:gch other.
Ninth
M~tutto?l.t’ilis is 2 wheel piece. It is composed
of six long spokes, with a hexagon vertical wheel at the e’nd
of each. These wheels run on spindles in front of the spokes.
Allthe wheels are lighted together.
l’wo-ounce
cases will
be sufficient for these wheels, and may bc: filled with any
coloured charge.
II. Smith respect to the proportion
of these mutations,
with the method of conveying the fire from one to the other,
and the distance they stand from each other on the spindle,
the following general remarks will be sufficient.
The first mutation must be a hexagon vertical wheel fourOn one side of the block, whose
teen mches in diameter.
diameter is two and one-fourtll
inches, is firred a tin barrel.
This barrel must he a little less in rlianlrter ti~n tbz nave.
Let the length of the barrel, and Mock be six inches. Having fixed the cases on the wheel, carry a leader, from the
tail of the last case, into the tin barrel, through a hole, made
on purpose, two inches from the block. At the end of this
leader, let there he about one inch, or two, of loose match;
!:ut be careful to secure the 1101~~in which the pipe is put. to
3 CT

the second
prevent
any sparks falling
in, Jvhich would ligirt
mutatir;n
before its time, and confuse
the who&.
The seeam mutcrttorl
is thus made.
Have a nave, turned
two and a half inches in diameter,
and three long;
then let
half an inch oli that end, which faces rhe first wheel, be turned, so as to St: easv into the tin barrel of the first mutation,
which rrp!l>t turn &~~nd it without
touching.
On the other
end of the block, fix a tin barrel
No. 2. This barrel must
be six inches long, and only half an inch of it to fit on the
EIOCk.
Round
the nave, fix five spoke-S, one inch :lnd a half
The diameter
of ihe si)okes must be equal to a
long each.
two-ounce
former.
On these spokes,
put five seven-inch
two-ounce
casts of spur-fire,
and carry
leaders
from the
mouth
of one to the other,
that they may all light tugc ther.
‘Fhcn, fram the mouth
of one of these cases, c&y
:I leader
through
a hole bored slantwise
in the nave, from between the
~.pokes to the front of the block, near the spindle
hole.
The
end of this leader must project
out of the hole into the barrel of the first mutation;
so that, when the pipe, which comes
from the end of the last c:1se on the first wheel, flashes, it
nlay take fire and light tilt second mutation,
To communicate the fire to the thirci mutation,
bore a hole near the bot:om of one ol‘ the 5;;~ cases to the composition;
and from
:henct: (,;‘~rr~ ;L !e:~&r
into a hole, made in the middle
of the
rwrel.
Y‘his hole must be covered
with pasted paper.
:i he :,:z:b! mutation
may be either an octagon
or hesagon
tvheei, twenty inches in diameter.
Let the nerve be three and
:t qr~rrtcr inches in diameter,
and three and n half in length,
One and a half inches of the front of the naive must be made
to fit in the barrel Xc. :?. L+n SC other end of the block,
t;,x a tin barrel Ko. 3, 7’i]f 3 I,::rrei must
be six and a half
inches in Lngth,
one i;ich of’ so2-licl~ must fit over the block,
. .1
I iit’ cases ci’ rhis v;hcel ml;st burn two at a time, and, from
“,I:c: n;r:u1.h
of tl!c ts;o iirst casts, carry a leader
through
i1iJe5 in iinc nave, ii;?0 $32 isarrcl of the second mutation,
after the use 4 mann.2.
.Sut besides
these leaders,
let a pipe
go across the w!iurl
i‘;l::;r c>i;e of the fjrst CXKS to the other.
‘i’hen,
from tht> ~141 o!‘ one of the last cases, carry a pipe into
a hole in the middi,:
!jf the barrel No. 3: at the end of this
;+c,
let ;hcre be :;ome 100s~ quick match.
I”glzri-t:i (C,Bl(i Fij;lh
I%!!ltulims
.-T!;eir
naves are made of
‘$I-jt’ i:!LLC
* II c II1 ;vhich, from the barrei of the fourth,
to the corn->
~litil:~,;:‘i3cilL
of
the sixth, is fourteen
inches.
‘I’he block of
(!:2 j-(>?;i’.;:1 is four inches in diameter,
having
ten or twelve
;l;o,i t P;!(jkp,
nn ivhich are fixed eleven inch eight-ounce
cases

,$
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The front of this block must fit eaqi in the barrel of the
third wheel.
Clothe the cases, so that they may all light to-gether; and let a pipe be carried
throuCl;h a hole in the block
rnto the barrel IWO. 3, in order to receive
the fire from the
The nave
ieader,
Ijrought
from the last case on the wheel.
of the fifth mutation
must be four and a half inches in diameter, and furnished
with ten or twelve spokes, eighteen
inches
in length each.
These spokes must stand seven inches distant c&M
the spokes of the fourth mutation,
and, at the end
1,
-f each spoke, tie a four-ounce
case as No. 5’. All
these
cases are to be lighted
together,
I)y a leader br:,t~r;ht
from
the end of one of the cases on No. 4.
Sixth
and r’7eventh Mutations.-The
blocks of thcs~ t‘iv3
mutations
are turned
out of one piece of wood, whose Iength
from the barrel of the fifth wheel, to the block of the eig,qth
wheel, is fifteen inches.
The block of the sixth wheel is five
inches in diameter,
having
eight sl~Jkes, each two f?et four
inches long.
At the end of each bpoke, tie two fo:;r-ol,:r;r.a
cases, as in No. 6. Ail these cases must be fired at the s~ntc
time, bp a pipe brought
from the end of one of the ca.:es on
the fi Fth mutation.
Let the distance
between
the s;)oXt.:; of
the sixth , and those in the fifth mutation,
be seven inches.
‘.fThe Il’ti’:’
<if the sevcn;h
mutation
must be five and a half
inches in dianlctcar , and furnished
with
eight
spokes.
On
the front of then!,
two circular
fells, one of four feet eight
inches in diameter,
and the other, three feet eleven inches, are
to be fixed. On these fells, tie sixtec:n eiglit-ounce
cazes. or
pound cases, as in No. 7, and carry lea4ers
from one to the
other, so that they may be fired at the same time:.
‘! his ‘,;:L;tation n;t~st be fired by a leader, brought
from the t~;l of oi;c
of the cases on the sixth mutation.
Eight!2
n;tzc7’ IVinth ,!Jfictntions.-The
blocks of these r-r.3)‘
be turned out of one piece, whose length from the barrel ot
the seventh
mutation
to the l)lock of the ninth,
must be
twelve inches.
The block of the eighth,
six inches in cliameter, must contain six spokes, each three feet in 1~ngth, rjnri
:itrengrhened
bv an hexagon
fell, within
three or f(;:lr illCll2S
of the ends of the spokes.
Close to the end of esch spoke,
in the front, fix a five-pointed
brilliant
star, and seven incbc$
below
each star, attach two ten-inch
eight-ounce
cases, so
that the upper
ends (Jf the cases may rest on the fells, and
their ends on the spokes. Each of these cases must be placed
parallel
to the opposite
fell.
h:inth Mutation.-l’he
block of the ninth
mutation
is seT:en inches
in diameter,
and holds six spokes, six feet long

each, with holes and grooves for leaders, as those in the dodecaedron.
At the end of each spoke in the front, fix a spin=dle for a hexagon vertical wheel, ten inches in diameter, as
in No. 9. When these wheels are 011. carry a leader from
each into the block, so that they may all meet. Then lead a
pipe from the end of one of the cases of the eighth muta..
Con, through a hole bored in the block of’ the ninth, to meet
the leaders from the vertical wheels, in order that they may bc
fired together.
Having thus given a brief description of this complicated
,work, the performance
of which depends so much on the rlccuracy of its parts, we will now add a few remarks respecting the formation of spindles.
For the larger pieces, the spindles should be made very
strong and exact. The instructions
on tlris head are, that
for a piece of nine mutations, let the spindle be, at the large
end, one inch in diameter, and continue that thickness as far
as the seventh mutation, and from thence to the fifth, let its
diameter be three-quarters
of an inch. l‘he other proportions, then, are, from the fourth to the see-l;nd, half an inch;
and from the second to the end, three-eighths of an inch. At
the small end must be a nut, to keep on the first wheel, and
at the thick end, a large nut; so that the screw part of the
spindle being put through a post, and a nut screwed on tight,
the sl>itldie will be held fast and steady.
The wheels, how‘The fixed
c:vc-.‘7 ought to run easy and without sticking.
?rrces are made on different blocks, and the leaders must be
joined,
after they are fixed on the spindle. ‘I’he best, method
of preventing
the fixed mutations from rno~i~~~~;oil the spinij;e, is to bore a holy a little larger than the diameter of the
sp33dle; and, at each end of the block, over the hole, fasten
a piece cf i)r33t. w ibk ;I square hole in it to fit the spiildle.
Similar
to this piece of nine mutations is the P&e Pyrique
.:,T the French, which consists of a great variety of fixed and
:noving pieces, that are fired alternately, but in regular succession. This piece we purpose to describe in the following
section.

d’his, wc have remarked, is a cc>mbination of pieces, calcujatcxd, like the one we have described, to produce a variety
of fires, vario\lsly arranged and ciistributed.
The pxric pie ‘ e commonly commences with a turning sun.
This sun consists of three cases, fixed to three arms proceed

ing from the centre. They are attached by means of a string,
and have leaders which go from one to the other of the cases.
See Sun. This sun communicates
its fire to a fixed sun7
formed of eight or nine strips of board, crossing each other,
or as many spokes from a hub, to which are attached, lengthwise, as many cases, whose mouths are made to commuaicate fire by means of leaders; so that each case presents the
appearance we have before described.
‘I’hen follows a wheel
consisting of two or more concentric circles, and round
which are placed eight cases, with their mouths inclining a
little upwards.
These cases are generally charged with hrilkiant fire. They communicate with each other in the usual
manner, and afterwards
with a fixed star, placed on a stick,
proreeding from the horizontal axis. This star is made of
two cases, charged with Chinese fire, with their mouths upwards, and forming, with each other, an angle of forty-five
degrees. This fire is then communicated
to another wheel,
and from that to one, on which, at certain distances, are fixed six smaller wheels, furnished with six cases each; so that
the whole are put in motion at one time, the fire being comThe appearance of these
municated at the same period.
L:maller wheels, as the cases may be charged with the coloured fire-composition,
is such as to exhibit the motion of a
screw; which, however, depends on the structu\re of the
The Lire from this may then communicate to other
wheel.
wheels of the same kind, to cases of brilliant fire, to marrons
and the like, differently
arranged according to fancy,
Cylinders of copper or tin, called Iru~rt,/s hqy some, are used in
the arrangement, in the manner already ctt:scribcd.
In fact,
the remarks we have before made on the rcgul:it<d pitAce of
ninr mutations, the manner of forming as well as i;l‘ executing it, will apply to the Pyric-piece.

There are various illuminated
pieces, some of which we
purpose to notice in this section.
The illuminated
pyramid, with Archimedian
screws, a
globe, and vertical SW), may be exhibited
in the following
manner: Let a pyramid be made twenty-one feet in height,
and the height of the pedestal six feet, and breadth nine feet,
having a space between the rails of six inches. They must
be made as thin as possible, and in all put port-fires at intervals of four inches. The Archimedian
screws are placed on
the pedestal,
They are nothing more than double spiral

wheels, on which the cases are placed, but horizontally instead
of obliquely . The vertical sun, placed four feet below the
top
of the pyramid, may consist of twelve rays. The giobr,
on the top may be made in proportion to the pyramid.
The
leaders must be prepared and arranged
in such a manner,
that all the illuminating
port-fires, or lances, screws, globe,
and sun may take fire together.
Transparent
stars with illuminated
rays are formed, by
making a strong circular block or body for the star, two feet
in diameter, and attaching to it illuminated
rAys. In the
centre of the front of the body, fix a spindle, on which put a
double triangular wheel, six inches in diameter, clothed with
two-ounce cases of brilliant charge. The cases on this wheel
mUst
burn only one at a time.
Round the edge of the body, nail a hoop made of tI)ic
wood or tin, which must project in front six or seven inch::s
In this hoop, cut three or four holes to let out t’l:c smr,k::
from the wheel.
The star may be cut out nf strong pastcboard or tin in the following manner: Cut :I round piece of
pasteboard, two feet in diameter, on w!-:lich draw a star, and
cut it out. Over the vacancy, paste Persian silk, and paint
t.he letters yellow; 2nd aiso four of the rays yellow, and four
red. This transpa:.ent star is to be fixed to the wooden hoop
by a screw, to ta’;e off and on. The illuminated
rays are
made of thin wood, with tin sockets, fixecl on their sides.
In these rnc:kt.ts. 1;~: t!llwithin four inches of each other.
Elluminnting
port-fires,
or lances;
and hehin<i C;:C ?r:;r:t oi
each ray, attach a half pound case of g.-a!-, 111ick, ‘:I- C;lii~lc~rays are to be l~~ilte~l at tilt: 6:lmc
fire. The illuminated
time as the triangular
wheel, or aft~:- it is l)u~-ilt out. Thi;
may be clone by a tin barrel, in the manner tIcscribed in the
rc:gulatcd piece. Into this barrel, carry a leader from the
illuminated
rays, through the back of the star, which must
i!c met bv another Ivader, brought from the tail of thr ias~
case on the wheel,
The regulated illuminated
spiral piece, with a projected
star weeel, also illuminated, is made by procuri:ig a block,
eight inches in diameter, and putting in six iron spokes,
which serve for spindles for the spiral wheels.
These wheels
are made one and a half feet in diameter, and three feet in
height.
Ttle spindles must be of su&cient length to keep
At the
the wheels four or five inches from one another.
end of each spindle, put a screw nut. On these spindles,
On the spinthe wheels, that hang downwards, are to run.
dles, which stand upwards, must be a shoulder, for the: block?.

of the wheels to run 011. The prqjected
star wheel turns on
the same spindle
on which
the large block
is fixed.
This
spindle
must be long enough
to admit
the star-wheel
to project a little before the spiral wheels.
The exterior
diameter
01
the star wheel is five feet five inches.
On this wheel, three
circles of iron wire are to be fixed, to which
attach
either
port, or other illuminating
fires.
On the block, place a transparent star, or a large five-pointed
brilliant
star.
The cases
on this wheel may burn four at once.
The
cases on thtx
spiral wheels must be placed parallel
to their fells, and burn
two at a time.
In order to make a figure-piece,
with five-pointed
Stars, iiluminated,
all that is necessary
is to have a vertical
wheel
about
one foot in diameter,
and furnished
with
six fourounce cases of different
coloured
charge, which
must burr,
double.
On the frame of the figure piece, fix five-pointed
brilliant or blue stars, rammed
four inches
with composition.
Let the space between
each star 1~ eight
inches, and, a:
each point, fix a gerbe or case of Chinese
fire,
The g&e+
stars, and wheel are’to he lighted
at the same time.
‘l’he illuminated
star wheel may be formed
by procuring
:i fell about
four feet in diameter,
and placing,
within
thi:,
fell, three circles of iron wire, one smaller
than the other, SC.
that the diamreer
of the least may be about ten inches.
Place the port, or other fires on these fells, with their mouths
inclining
outwards,
and the port-fires
on the points of the
star, with their mouths projecting
in front.
The exterior
fell
must be clothed with four-ounce
cases of f;~a~ charge.
The)
must burn four at a time
and be lighted
at the same time
svith the illuminations.
The illuminated
reg&ting
piece as it is called,
consist:?
of flat wooden spokes, each five feet long, and at the end of
each, a vertical
wheel, ten inches diameter,
and clothed
with
nix four-ounce
cases of brilliant
fire.
These cases burn one:
at a time.
On two of the spokes of each wheel,
two portfire:; are attached,
which must he lighted
with the first cas6:
of the wheel.
On each spoke,
behind the whr-els, place six
cases of the same size with
those on the wheels.
‘Chese
cases must be tied across the spokes with their mouths
in
one direction,
and be made to take fire in succession.
The diameter
of the large wheel m:~st be two and a hali
feet, and its fell made of wood, wllich
is to be fixed to the
large spokes.
Twenty-four
cases of the same kind are fixed
on this wheel, and burn four at a time.
On the circles
of
3?‘on”J’r’!! ’ 1~~ already
mentioned,
illuminating
port-fires:
art: a”-

The star-points on the large spokes mav be made
tached.
The diameter of these points, close to
of thin ash-hoops.
the centre wheel, is usually eleven inches. On these, portfires are placed, three and a half inches distant from each
other.
The illuminated double cone-wheel is nothing more than
a double cone, formed of a number of hoops, and supported
by three or four pieces of wood, in the manner of the spiral
wheels.
The wheel to which the cones are attached, base
to base, is two feet six inches in diameter, and the height of
each cone is three feet six inches.
Port-fires, or lances, are
tied to each of the hoops, in a horizontal
direction,
with
The cases are eight-ounce,
and
their mouths outwards;.
play horizontall!.,
two at a time.
The spindle for this piece
must rise three feet above tbe point of the cone at top; so
that its length will be ten feet four inches from the top of
the post, in which it is fixed, allowing four inches
for
the
thickness of the block of the wheel.
The whole weight of
the wheel and cones must be made to hear on a shoulder in
the spindle, on which the block of the wheel is to turn. On
the top of the spindle, fix a sun, composed of sixteen fourounce cases of brilliant tire. These cases must be stuck into
In the front of this sun, put
a block, six inches in diameter.
n circular vertical wheel, sixteen inches in diameter. On the
front of’ this wheel, form a spiral with wire, to which attach
illuminations in the usual manner.
This wheel is to be fired,
when the cones are burnt out, which may be done as before
described.
The sun must not be fired, until the vertical
wheel is burnt out. Three vertical wheris iliuminated, which
turn on their own naves upon a horizcrrd
table, is a piece
It consists in having :I table, three feet in,
readily formed.
diameter fixed horizontally
on the top of a post, with three
wheels that turn round on it. There are three spokes, joined
to a triangular flat piece of wood, in the middle of which, a
hole is made to fit easily over a spindic placed in the centre
of the table. There are three 1;ieces of wood four or five
inches long, and two inches square, fixed on the under
sides of the spokes. In these pieces, holes are made lengthwise, to receive the thin parts of the blocks of the wheels,
which, when in, are prevented from coming out by a small
iron pin that runs through the end of each, ‘l’he three vertical octagon wheels, each eighteen inches in diameter, have
blocks sufficiently
long, for three or four inches to rest OA
the table.
Round these a number of sharp points of wire
are driven, (which must not prqject out of the blocks mora

than l-16th of an inch), and the clothing is affixed in the
usual manner.
The use of the points is this, that, when the
blocks turn round, they will stick in the table and assist in
giving a uniform motion to the wheel.
On the front of the
whtels, make four or five circles of strong wire, or flat hoops,
and tie, ou these circles, as many illuminations,
as they will
hold, at two inches from each other.
Spiral lines may be
made instead of circles.
When illuminations
are fixed in a
spiral line, in the front of ,a wheel, they ought to be placed
on the slants ‘The cases for these wheels may be filled with
any coloured charge, but must burn only one at a time.
A
globe, or spiral wheel may. be put on the spindle, so that its
fire may play over the vertrc:d wheels. The wheels must be
lighted at the same time, and the illuminations,
after two
cases of each wheel are consumed.
The vertical scroll wheel is formed by taking a block of
a moderate size, and fixing in it four fiat spokes, and, on
them, a flat circular fell of wood.
Round the front of this
fell, port-fires are placed; and on the front of the spokes a
scroll is formed either with a hoop or strong iron-wire.
On
this scroll, tie cases of brilliant fire in proportion
to the
wheel, bead to tail. When the first case near the fell is
lighted, the fire 1‘s communicated
in succession.
The grand
volute, with a projectl tf t\hecl in frent, is made in the following manner: Two hoops .u-e formed of strong iron-wire,
one of six feet in diameter,
and the other of four feet two
inches. These hoops must be j~incd to scrolls, formed according to fancy, of the same kind of wire.
On these, tie,
with iron wire, as many illuminating
port-fires,
as they will
carry, at two inches distance. Prepare then a circular wheel
of four spokes, three feet six inches in diameter, and, on its
fell, tie as many four-ounce cases, head to tail, as will complete the circle, only allowing a sufficient distance between
the cases, that the fire may pass free. On each spoke, fix a
four-ounce
case, about three inches from the fell of the
wheel.
These cases we to burn one at a time, and the first;
of them to begin with those on the fell, of which four are to
burn at a time. On the front of the wheel, form a spiral
line with strong wire, on which tie port-fires,
with their
mouths to face the same way as the cases on the wheel. All
these port-fires
must be fired with the second cases on thr
wheel.
The spokes of the wheel must be formed of wood, and
made to screw into a block in the centre, and each spoke
shodd be four feet six inches in length. In the top of each;
f: Tf

’

fix a spindle, and, in each spindle,
put a spiral wheel of eight
spokes.
The blocks of these wheels must have a hole at top
for the centre cases, and the spindle
must be furnished
with
nuts, screwed on their ends, which should
fit in the holes at
the top of the blocks.
The cases of these wheels are to burn
double;
and the method
of firing
them,
is by carrying
a
leader
from
each down
the spokes
into the block in the
centre, as in the dodecaedron;
but the centre
cases of each
wheel must begin with the two last cases as usual.
The
large circular
wheel in front ought
to have a tin barrel on
its block; into which a pipe must be carried
from one of the
second cases on the wheel.
This
pipe, being
met by another from the large Llock,
in which
the eight spokes are
screwed,
will fire ali the spiral wheels,
and the illuminating
port-firers
at the same time.
The
cases of the projected
wheel may he filled
with a white
charge,
and those of the
spiral wheels with a gray.

This piece is forz?ed i n the same manner
as the single and
\Iouble
cones; and, in f;zct, is the samt: as the Archimedian
screw, which we have already
described.
The serpent&
form which characterizes
the spiral
piece, is given to it by
:he particular
arrangement
of the lances of illumination.
The
:-one receives
its motion
from
the cases of white-fire;
the
!ire of which
is communicated
by leaders
to the cases of
port-fire,
or lances of illumination.
They
must
burn the
same length of time.
The waved
fire is produced
/Jy
having
two wheels of a
similar
size, turning
in :I contrnq
direction
on the same axis,
and furnished
with cases, which
are inclined
about 45 deTrees from the level of the ta!Ae.
These wheels carry four
l;ases each, and burn at the same time.
They have been
made to carry forty-ei@t
cases, and furnished,
at their centres, with lances, bent m a particular
manner,
so as to represent the motion
of serpents.
Sec. XXX

Qf tfw Becmwtion

of Wheels.

Wheels,
we have seen, may be made of different
dimen,-ions, according
to the purpose
to which they are applied.
‘X’he most common
are three or four feet in diameter,
with
a nave of hard wood, and spokes of light wood,
They are
sometimes
surmounted
with a fell, and frequently
by seve-

SEC.

xx111.j

Globes

and their

4’19

Lkcorafims..

ral concentric hoops, placed at different distances from each
other.
Wheels, in general, are furnished with cases, and various
decorations.
Some have two, three, four, and more f&s;
but, if they are finished
too much, the weight they thus ac- .
quire would retard the velocity of thr wheel.
Their centres may be finished in several ways; as, for instance, by attaching, to the inner fells or circles, cases filled with white
lance-composition,
placed at the distance of two incht:s from
each other, or alternately, white, blue, and yellow, or Chinese
gerbes, or cases of blue fire. We may also attach snali :urning suns, the axes of which being placed upon the spokes.
They may also be made to resemble a mirror, by furnishing
all the spokes with white lances; and for the last fire, we
may attach four cases to the centre, or in its vicinity, placed
in such a manner, that their fire may issue from the interior
of the wheel. To this, we may add, two other cases, which
may cross the former.
Leaders are fixed, and they dre
lighted at the same time.
Automatons
with all their joints, or articulations,
have
been added to exhibitions of this kind, aind with partic&?
effect. They are clothed with cases after the usual manner.
Sec. XXIIL

Of Globes,

with

their

Yusiom

Decorations.

The first we purpose to treat of are the illuminated
globes
with horizontal wheels.
The hoops foli these globes may be made of woc;rd, tin, or
iron wire, about two feet in diameter.
For a single globe,
take two hoops and tie them together, one within the other,
at right angles; then have a horizontal wheel made, whose
diameter must be a little wider than the globe, and its nave
six inches long; on the top of which, the globe is fixed so as
to stand three or four inches from the wheel. On this wheel
may be put any number of cases, filled with any of the ordinary charges, as the white fire composition.
l’wo of these cases
or
must burn at a time. They may be placed horizontally,
inclining downwards,
When the wheel is clothed, fix on the
hoops as many illuminations
as will stand, within two and a
half inches of each other, which are fastened on the hoops
with small iron wire.
Attach the pipes of communication,
and arrange them so as to carry the fire to all at the same
time, with the exception of one or two, which are to receive
their fire for the last. The spindle, on which the globe is to
turn, must go through the block of the wheel up to the in-
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side of the top of the globe; at this place must be fixed a bit
of brass or iron, with a hole in it, to receive the point OF the
spindle, on which the whole weight of the wheel is to bear.
When the globe is to be stationary and the wheel to run by
itself, the block of the wheel must not be so long, or the
spindle any longer than to raise the globe a little above the
wheel.
We rnq remark, that, while the cases of white fire composition give to the piece a rotary motion, those of the lauce
or illuminating
port-fire
produce the effect, which char&zterizes in particular this fire-work.
With respect to fire globes, there are two kinds; namely,
one with projected cases, and the other with concealed cases,
If we have a globe made of wood, of any diameter,
and divide its surface into twenty-four
equal parts, and bore a perpendicular hole in each of these divisions
to the centre, we
may then represent this piece in the ti)llo~;ing ma~mt’r: Xn
every hole, except one, put a case filled with briiliant or any
other charge, and let the mout!;s 04‘ thy case3 be even with
the surface of the globe. Then cut in the globe a groove
from the mouth of one case to that of another for leaders,
which must be carried from case to case, so that they may
a11 be fired together.
The globe is then covered with a single paper and painted.
Fire globes with projected cases are made in the following way: Prepare a globe with fourteen holes, and fix in every hole except one, a case, and let each case projcet from
the globe two-thirds
of its length. ‘Sl~en clothe all the cases
with leaders.
It must be supported by a spindle made to
fit the hole irr which there is no case.
The bz~~sti?z~-~l& is nothing more than a globe prepared
In a particular way. It turns on a pivot, and is made by
uniting fbur segments.
These segments or parts are fixed to
hinges, which open on the inside, and, when brought together, are kept in their place by a match which goes round the
globe. The globe, it is to be observed, is furnished in the
inside with several steel springs, which, unless the globe itself were tied, would force it open. When the match is
burnt, this effect follows and the globe separates into four parts.
It is furnished with lances and cases in the same manner as
those already described. The last effect is that we have noticed.
Globes, which leap or roll 072 the ground, may be formed
by procuring a wooden globe, furnished with a cylinder;
and, having
loaded it with the composition
hereafter menGoned, introduce
into it four or more petards loaded with
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grain powder to their orifices, which must be well stopped
with paper or tow.
lf a globe prepared in this manner be
fired by means of a match at the mouth of the cylinder, it
will leap about as it burns on a smooth horizontal plane, according as the petards are set on fire. The petards may be
affixed to the exterior surface of the globes, which they will
cause to roll and leap as they catch fire.
.
Composition.
Grained powder,
.
.
.
Saltpetre,
c
1
_
.
Sulph*ur,
a
O
.
.
Scraped ivory,
Sawdust, (borled in saltpetrc and dried,)
l

*

.

1 lb,
+ 32 8.

1 oz.

8 lbs,

The moon and stars are represented in the following manner: Make a wheel eighteen inches in oiamutcr,
by fixing
eight or more spokes in the nave; and then adapt a fell to it.
To the fell &ten eight cases of the black or gray composition, nntl Ict the fire communicate
from one to the other.
These cases give motion to the wheel.
Furnish the spokes
of this wheel with GI;~~Scharged with the white lance comNXnke now a crescent 01 iron and attach it to the
position.
spokes, or a little before the spokes cd the wheel.
ln order
to fix stars to this piece, eight strips of wood, seven feet in
length, are made to cross each other at equal di~tai~res, and
nailed to each other in the middle; so that when this irr~rne is
put behind and secured to the moon piece, its arms \viii extend s(Jme
distance hey ontl the l>erlmeter of the wheel.
These projections are furnished with five-pointed stars, eight
inches apart, and there is usually in all thirty-two.
They are
made to communicate with each other by means of the cotton match, as before described.
The light of the lances renders the moon very apparent, and the fixed stars resemble
of the moon and
those in the firmament. ‘I’he representation
seven stars may be performed by procuring a smooth, circular board, six feet in diameter. Out of the middle ot‘ it cut a
circular piece twelve or fourteen inches in diameter, and co?yer the hole formed with Persian silk, on which is to be
paiuted a moon’s face. Also cut out of the board stars of
four or five inches in diameter.
‘I’hese stars are cut out with
five points and covered with oiled silk. On the front of the
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large circular board draw a seven-pointed
star, as largeas
the circle will admit, and on the lines which form this star,
make several perforations,
in which six-pointed stars are to
be fixed.
A wheel of brilliant
fire is placed behind the
moon, which renders the moon and star; transparent.
They
will disappear when the wheel is burnt out; but then in consequence of the communication
of the fire to the large star
in front, which is formed of pointed stars, the appearance of
this star succeeds, and finishes the piece.
A large fixed star may be made thus. To each extremity
of the pieces of wood, arranged so as to cross each other, attach
two cases of the black charge. Their fire must communicate.
Near these cases, on each arm, place a turning sun of’ thret
cases. These five suns are fixed at the sanle time, and when
:hey cease, the cases commence. These cases form the star.
The representation
of flaming stars, with brilliant wheels,
is made in tire following manner. After procuring a circular
piece of wood, about one inch thick, and two feet in diameter,
fix round it eight points, each two feet and a half long, four
of which must be straight and four waved, or f!arning. These
points being joined on very strong, and even with the surface of the wood, nail tin or pasteboard on their edges, fvom
the wood to the end of each, where they must be joined.
This tin is to project in front eight inches, and be joined
where they meet at the block. Round the front of the wood,
iix four pieces of thick iron wire, eight inches Lang tac!~:
equally distant from each other.
Cut a piece of p3steboard
round, two feet in diameter, and draw oc it 21star; then clit out
this star, and on the back of it, place oilt-cl paper Paint hnl:
red and half yellow, lengthlvise.
TIC body of the star must
be left open in which must be seen a brilliant wheel,
This
wheel is formed by having a block turned nine inches long, and
fixing in it six spokes. At the end of each spoke, put a ttvoounce case of brilliant fire. The length of these casts is
made in proportion to the wheel, and the diameter of the
wheel, when the cases are on, must be less than the diameter
of the body of the small star. The cases on the spokes in
front must have their mouths inclined outivards,
and those
on the inside spokes, placed so as to form a vertical circle
of fire.
Carry the first leader, frotn the tail of one of the cases in
front, to the mouth of one of the inside cases, and from the
tail of that to another in front, and in the same order to all of
them. Put on a spindle in the centre of the star. This spindle must be furnished with a shoulder at bottom, to keep t1-1~.

l

wheel at alittle distance from the block, which is kept on the
spindle by a nut at the end. Having fixed on the wheel, fasten the transparent star to four pieces of wire.
When fired,
a common horizontal wheel will only be seen; but when the
first case is burnt out, it will fire one of the vertical cases,
which will show the transparent star and fill the large flames
and points with fire. It will then appear like a common wheel.
and represent the same appearance for twelve changes.
‘iYith respect to the formation of stars for regulated pieces,
we may remark, that they are made of different sizes according to the work for which they are intended.
They are
prepared with cases from one ounce to one pound; but, in
general, with four-ounce
cases, four or five inches long.
The cases should be rolled with paste, and twice as thick of
paper as a rocket of the same caliber. Having rolled a case,
iet one end of it be pinched quite close-; then drive in halfa diameter of clay, and, when dry, fill it with composition;
to two or three inches of the length of the case. At the
top of the charge, drive some clay; as the ends of these cases.
tjeing seldom pinched, would be likely to take fire. Divide
the case, when filled, at the pinched end close to the clay, into
five equal parts; then bore five holes with a gimblet, about
the size of the neck of a common four-ounce
case, into the
composition. From one hole to another, carry a quick match,
and secure it with paper, in the same manner as the ends of
wheel cases; so that the hollow part, which pro.jects from the
end of the case, may serve to receive a leader from any other
work, to give fire to the points of the stars. These stars ma:
be made with any number of points.
Sec. XXV.

Of the Representation

of Sundry Figures

in I%-c.

Animals and various figures may be represented in fire by
the following method: Take sulphur, reduced to a very tint
powder, and, having formed it into a paste with starch, covea
the tigure of the thing to be represented, with this mixture,.
having first coated it with clay to prevent it from being burnt.
After the figure is covered with paste, it must be sprinkled,
while moist, with gunpowder;
and, when the whole is perfectly dry, arrange about it several small matches, that the fire
may be speedily cotnmunicated to it on all sides. In this way,
all sorts of garlands, festoons, and other ornaments may be
imitated by fire of different colours.
A show& of fire may be connected with this representation, by using cases of onc=thirtl of an inch in diameter, charg-

ed with any of the following compositions. I’hese cases should
be two inches and a half in length. They must not be choaked,
The efit being sufficient to twist the end of the cartridge.
fect of these cases is to fill the surrounding
air with an undulating fire. ‘The compositions are similar to those already
noticed; viz, for Cllinese Ere, take gunpowder
one pound,
sulphur two ounces, pulverized
cast-iron of No. 1. five ounone pound, charcoal two
ces; for ancient *fire, meal-powder
ounces; and for brilliant
fire, meal-powder
one pound, and
iron filings four ounces. Sparks are also sometimes employed. These are made in the usual manner.
Besides the common mode of forming sparks, as they differ from stars only in their size and duration, (being formed
into small balls about the size of peas), they may be made
by the following method: Take sawdust of rir, poplar, 8~.
and boil it in water, in which saitpetre has been dissolved.
When the water has boiled some time, it is to be poured off,
that the sawdust may remain in the vessel. When nearly
dry, spread it out on a table, and sprinkle it with sulphur,
sifted through a very fine sieve, to which may be added a little meal-powder.
If it be required to accompany the exhibition with bearded rockets, (fusees chevelues of the French), so called from
the circumstance, that, when they fall, they make small undulations in the air like frizzled hair, we mav form them i~r
the following manner: Fill the barrels of sol;~r go,)sc-quills
with the composition of sky-rockets, and p!:~c ?1ljlJ11the mouth
of each a fittle moist gunpowder, botln to kce;, in the composition, and to serve as a match.
If a iiying-rocket
be then
loaded with these quills, they will produce, at tke end, a
bGutifu1 shower of iirc.

A star of five points, about two feet from poiilt to point,
is to be made, and, in its centre, is placed a turning sun,
composed of three cases, and altogether not more than six
or eight inches in diameter.
To this star five bran&s
are
fixed, each of which is three feet in length; and, to the extremity of each, are attached seven cases, with their mouths
outwards, and incliniug about thirty-five
degrees.
One cast
is then attached lengthwise, and forms the very extremity
of each projection.
On each leg or branch, nearer, however,
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the centre of the star, must be three cases, fixed in an hesangular form. The border of the large star is decorated with
Italian or fixed stars. The fire is communicated to the star
by means of a leader, then to the sun and the cases on thy
branches.
Sec. XXVU

Of the S’ingk,

Double,

and

Triple

Table

Wheet’,

We have spoken of an arrangement of fire-works,
which;
moves a wheel on a circular board.
That contrivance
is similar to the one we now purpose to describe.
The table-wheel is a kind of girandole, which turns circularly on a round table, by having its axis connected with a
perpendicular
pin, fixed in the table; so that its motion is
vertical, while it moves in a circular position round the table,
The table, as well as the wheel, may be of any size. according to fancy. Eight or nine cases are :lcuaJ1! a:r::ch:,ci to
the fell of the wheel, and in the direction CE thc’i~ii.
r’nese
cases turn it with great velocity.
The centre of the wheel
may be decorated with lances, or illuminating
port-fires.
When double or treble wheels are to be arranged on the
same table, this is done by having the iron so lengthened,
as to extend over the table, and receive another wheel of the
same size; and by using ~1contrivance of iron, having three
projections, at equal distances apart, and turning in the same
manner on a pivot, or pin, fixed in the centre of the table,
three wheels may be put in motion at the same time. When
two wheels are employed, we may decorate one with blue
lances, and the other with yellow. When three wheels form
the same piece, it is usual to illuminate them, severally, with
white, blue, and yellow lances. The wheels of coloured fire
augment the beauty of the exhibition.
In the centre of the
table, may be placed a pyramid, decorated in the usual manner. Spiral wheels, globes, &c. may be attached, if so required.
sec.

XXVIIL

Of I) ecorations,
ntinations.

Transparencies,

and

Ib-

Cut-work, as it is called, is often employed in decorations.
Various figures, letters, garlands, &c. may be represented.
This may also be accomplished
in tambour-work.
Several
methods have been used to produce the same effect.
Cutwork, made in pasteboard, and the pasteboard blackened and
suspended in a frame: will? by the aid of lights placed
Q5

behind

it,

exhibit

the design

very perfectly.
A figure of a
either
fixed or made to revolve
in the manner
before
described,
and illuminated
by fised
lights
or revolving
cases, is considered
to be the best mode
of forming
such pieces.
Jn all inbtanccs,
the more brilliant
the fi!.e, the xnort’ perfect
is the representation.
Tambour
decoratir,ns
are va~*iously arranged;
and, frcqaently,
in the
termination
of :rn exhibition,
six or more are shown at once,
and sometimes
with cascades, and turning
suns.
In the place of cut-work,
painted
transparencies,
made
with Gne colours,
and ori Fir)?-cbnce -Taffeta, are usually
emplc)yed.
Transp:irr,nt
paintings
however, are not preferred
by
some, as the ~fi;.c,t, it is s:>icl, is not so perfect as when cutwork is crlq’li~,! ed.
Morel
gives a preference
to the latter.
Transparencies
may be formed with silk, or fine linen, ;iud
even with paper,
if previous11
prepared,
by n~c’ans of the
spirit of turpentine.
2‘he colorer=, are painted
in turpentine,
and transparent
varnisli
is then :!pplicdS
Transparent
Screens n ~:ty ::e prep;wd,
tw spreading
white
wax, dissolved
in s;>i~-its of turpt*ntine,
over thin
muslin.
A screen, thus pwpx~d,
will roll up without
.injury.
A
clearer
stri-::n
m:i> bc produced,
by having
the muslin
strctchtd
L~~DII a rectangular
frame,
and prepared
with turpCl:tiiie
iilstead
of was.
In the ~Ez~~res de Diderot,
t. xv, p. 349, are observations
and the manner
of prcpa~ing
them,
respecting
transparencies,
‘The process described
is :?othing mcJrt’ than XLe have noticed,

sun cut out of pasteboard,

It

consists

in

i~sirlg

thi:

oil

of

:L!.l’[Jen~illt’,

2nd

Sometinles

a

so-

lution
of wax in LLiliJti:tiilt‘.
The
coiours
are prepared
mostly
with
tqxritin~.
C;l,;cada
b&am,
thinned
by the
ridditiol)
of the spirit,
IS :tI:o employed.
IM oveable trnnsr,,ll.r*rrier,
Transwith great effect in Paris.
:‘ -I’
5 ‘1
’ el--’,- Lxhibited
\K,F
.g:‘ c maiic
parent
i”gl:res
to move
continually
in every
direction,
which had a singular
appearance,
Artificial
fireworks were i‘ei-y ~c~wrreciv imitxted,
by producing
a variety of movements
1%ith diA’e’.-ent pieces UC transparencies,
variously
coloured.
The sun, moon,
and stars, revolving
wl~ecls, 5~. cum~;os~ci a part of this cshibition.
With respect to decorations
in white and coloured
lances,
we rn:*v observe,
that artificial
&e-works
are usually
termin:Ltetl 6~. some decoration,
which corresponds
with the subjcct.
$‘or this purpose,
triumphal
arches, fronts of palaces,
colonad:s,
~.ocks, kc. are formed,
and represented
in woodwork.
These
are usually
clothed,
and painted
in water'dOUi3,
From the rocks, water is made to issue, formitig
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cascades,
and a number
of figures are put in motion.
l’he
jets of water are terminated
by jets of Chinese
iire, or briliiant fire-rain.
The furniture,
or decorations,
may be various,
tither
with
white or coloured
lances of illumination,
hung four inclies
apart, and attached
to different
parts of the figure,
or building.
If it is in front of a temple,
the columns
are ornamented with emblems,
&c. the fire-work
being thus arranged;
viz. blue lances are attached
to the columns,
white lances
to their entablature,
and to the emblems,
yellow lights.
This
however,
depends
on taste.
Decorations
are also matle with matches;
but this mode is
not preferred,
because so much
smoke is thereby
proclucedFigures, cut in paper, are illuminated
in the manner before
described.
But for this purpose,
muslin
is first stretched
on
a frame, and its sides are covered
with two or three thicknesses of paper, which are pasted on,
It is then bIackt,.ned,
After
tracing
the design,
or the subject of the illumin;ttictn,
and cutting
it out with exactness, the frame is put in a case,
sufficiently
deep to contain a number
of lights.
Illuminations,
as an expression,
of pubric feeling
for j<;nlft
event or memorable
occasion, are by no means a recent thing0
Various
modes have been adopted
to render such exhibitions
more elegant,
as well as more espres5ive.
Hence,
with the
usual display of lights, arr;mg.~c ! accl~rding
to taste and fancy,
transparencies, decorations,
such as iye ilave described,
&c.
have been more or less customary.
We mentioned,
in the first part of our work, something
in
relation
to the antiquity
of illuminations;
but, as this subj(-c:
.
may be interesting,
we deem the following
brief remarks
IIV:
irrelevant.
Beckman
assures us, (H&ory
of hvsutions),
that the origin
of illuminations
is very ancient.
The feasts, or holy-days
were
celebrated
in the days of antiquity,
in various
ways, among
which, that with lamps was very common
in Egypt.
It was
called
the feast of the lamps,
(Fete a’es Lamps,)
and the
inhabitants
of some cities in Eg)‘pt
were obliged
to illun,inate, with a great number
of lamps,
placed
before
their
Nerodotus
(lib. ii, ehu~. 62,) remarks,
that, at a
houses.
particular
festival of the Egyptians,
lamps were plac~ci before
all the houses throughout
the country,
and kept burning
the
whole night.
During
the festum
c12cm2imm,
the Feast of
the Dedication
of the Temple,
which, according
to common
opinion,
was celebrated
in December,
ant1 continued
righ:
days, a number of lamps were Iighted
before each of thei:

houses. Such illuminations
were used, also, in Greece and
Rome, and were called Lnmpadaria.
An infinite number of
lamps were burnt in honour of Minerva, Vulcan, Prometheus,
Bacchus, &c. On the last occasion, the illumination
was
called Lamptericz
It seems that the lighting of streets had
not been adopted at that period.*
At Home, the forum was
lighted, when games were exhibited in the night-time;
and
Caligula, on a like occasion, caused the whole city to be
lighted.
As Cicero was returning home late at night, after
Cataline’s conspiracy had been defeated, lamps and torches
were lighted in all the streets, in honour of that great orator.
The emperor Constantine caused the whole city of Constantinople to be illuminated
with lamps and wax candles on
Easter-eve.
The first Christians often illuminated
their
houses on idolatrous festivals, in a more elegant manner thau
the heathens.
This was dictated by policy.
The houses of
the ancients were illuminated on birth-days,
by suspending
lamps from chains.
_
0 Whoever
walked the streets of i1nmc, at night, without a lantern,
was under the necessity of creeping home in perfect darkness,
and in
great danger, like Alexis, in Athcumus.
Antioch, Rome, and a few other
cities had pu blic lanterns in streets which were most frequented.
Libanus,
who lived in the beginning of the fourth century,
in praising his native
city, Antioch, says, that 6‘ the light of the sun is succeeded by other
lights, which are far superior‘to
the lamps lighted by the Egyptians on the
festival of Minerva of Sais. The night differs from the day only in the
With regard to labour and employment, every
appearance of the light.
Some work continually;
but others laugh and amuse
thing goes on well.
themselves with singing.”
In another passage, in the oration to Ellibithus, the same author tells us, that the ropes from which the lamps that
ornamented
the city were suspended, had been cut by some riotous soldiers, not far from a bath. “ Proceeding,”
says he “ to a bath, not far off,
they cut, with their swords, the ropes, from which were suspended the
lamps that afforded light in the night-time, to show that the ornaments of
Jerome also makes it appear, that
the city ought to give way to them.”
Autioch was lighted with lamps; for, he remarks, that, in an altercation
between a Luciferan
and an Orthodox, an adherent to the schismatic Lucifer disputed in the street with a true believer, till the streets were
lighted, when the listening croud departed, and that they spat in each
other’s face, and retired. Edessa, in Syria, was lighted in the fifth century,
and the governor of that city ordered, that a part of the oil, which was
before given to the churches and monasteries,
should be burnt in the
streets.
While illuminations
were considered
emblematical
of public
rejoicing,
the reverse was considered a token of public sorrow; to denote
which, on occasions of great misfortune,
it. was customary not to light
the streets.
Valerius quotes a passage of Libanius in proof of this assertion, where it is said, that the people of Antioch, in order to mitigate the
anger of the cmlernr,
bethought themselves of lighting either no lamps,
Paris was lighted up withfulots,
or
or a very small number.
In 1588,
vases filled with pitch, rosin, and other combustibles.
The AbbC Lauda’ ;
let out torches and lanterns in Paris, in 1662.

Ft>r illuminations
at the present day, tallow is chiefly used.
It is clarified, 1or the making of candles, by means of alum.
M. Olaine in 1710 presented to the academy of sciences an
apparatus for the manufacture
of candles. The Gort@ economique of the French is described in the Journal de LJtu-is
for 1783.
The outline of the process for preparing them is
as f0llows:
Take eight parts of suet, and melt it with
one
quart of water; and after straining it, and returning
it to the
same boiler, add the same quantity of water, in which was
dissolv’ed half an ounce of saltpetre, as much sal ammoniac,
and one ounce of alum. The boiling’is continued to evaporate
the water. The wick is made of cotton or flax, and rolled in
a solution of camphor in petroleum, and afterwards covered
in the usual manner with the above composition.
In using tallow generally, quicklime is recommended to be
added to it in fusion.
When the quicklime
subsides, it is
poured off. Another mode recommended
is to melt the talBow with vinegar, and to add to it a decoction of rosemary,
sage, laurel, and a small quantity of turmeric; the whole being
boiled until the water is evaporated.
This communicates, it
is said, an agreeable odour, and a yellow colour.
Different
modes of preparing tallow for candles have been used. See
sal ummoniac-. With respect to ancient lamps, some account
of them has been published in the Antipuities, by Montfaucon and by Passeri; and the Jotwnd des Savans 1682 and
1685 mentions the two lamps of Bovle and Sturmius,
and
some account of the celebrated lamp of Callim:icus in the temple of Minerva.
On the formation of lamps, and the purification of oil, sundry patents have been granted both in
prance and England.
The argand lamp for burning its own
smoke, vvhiclt it effects by a glass cylinder placed over the
flame, is one of the best improvements of the kind. The princi
ple of these lamps is the same, although variously modified
in shape and structure.
For chemical purposes, an iron cylinder is substituted for glass. A lamp, for the burning of
tar and turpentine, with steam, has lately been invented by
Mr. Morey, (see A’illiman’s Journal Vol. IL)
Mr. E. Clarke
obtained a patent for a lamp calculated to burn tallow; the
principle of which is, that by the heat of the flame, the caloric is conducted to the tallow bv means of a piece of iron,
which is heated by it, and the tallow melts as it is wanted.
This lamp may be economically used, when common lamp oil
A lamp is described in the Heis scarce and high in price.
pusilc/~.y of Arts, to burn tallow.
As a wick, besides cotton, several substances have been

The filaments
of amianthus,
for instance,
recommended.
while they perform
the oflice of a wick, are incombustible.
The Journal
cle Verdun for 1748, announced
incombustible
wick by sieur Lespar.
‘Touch wood, t!lc tttssiia,p
sarjixa,
and the aerhnscum
tupsus o f Linnzus,
are also recommended.
that
In I 783, Leger announced,
in the Jow~nl u’e la Blunchere,
he had invented
a match which would burn without
smoke
and odnur.
Lamps
have been furnished
with fixed and moveatle
mirrors, to throw the light forward by reflection.
The reverbvratory lamps,
revolving
lights for light houses, &c. are of this
Many patents have been obtained
for such co~rrivankind.
ces, which we have not room to notice.
l’he inflammable
air lamp for the table,
described
in the
Diction?zaire
de I’hdustrie,
is nothing
more than a spirit
of
wine lamp,
and used in lieu of hot bricks,
or vessels filled
with boiling
water for the warming
of dishes, &c.
In 1780,
3%. Ehrman,
in his DescriptioTz
et zt.s~~gc de grlekgues latnpes
2 air in.ammaide,
dcsscribes a chafing dish with inflammable
air, invented
by Nevet,
which operates
by the combustion
of
hydrogen
gas.8
Fixed
illuminations
are more brilliant
and more magnifias the lights are more numerous,
as well as more dicent;
versified.
Wax, spermaceti,
or tallow candles, or oil burnt in
iin hnps,
or in glass cups suspended
by wire, are all used
If the wick be dipped
in spirit
of turpenfor the purpose.
It i.4 un1iccc’ssary
to
tine, it will take fire instantaneously.
make any remarks
as to the at’ra~;gen~czt
0”‘ Xixllts.
Large dishes containing
mcltecl tallow, and a wick proportionally
thick and suspended
by mean S of a simple contrivance
L’ 111the u2rci~ir:cs des Dicouwrles,
Ax. sevcr31 new bmps arc desc:ribed,
L’s HOLLOWS: ,I iamp, inrented b; count l~nmford noticed i,.v IliIu in a
r:lemoir on the ligh 1 of lamps, and the means of incrcasiilg
it; n new
Iamp \vith a double current of air, by Lenormand;
sk.r innlp by tJordler;
reverberatory
lamp for t9rvns. 612. by de Thirville and Bordier; a modified
tJ]ermo-lamp by \Viosor; a new lamp hy Ua%~eil;
the ecol!omical I-,mp of
the
inflammable gas, by Mnrdoc, 2nd economical lamp by Lambertin;
cilpola iamp by Vivicn; new iamp wit.11 a porcelairi wflector
by L’Ange;
lbe hydrodynamic
and chemical lamp, by L’Augc:
the portable lamp hv
c:ount Kumford;
horizontal reflectors,
with parabolic surfaces in revolG1ug, and parabolic reflectors, simple and double, by Arganri and Cordier
STarcet; Improved lamp, by Marc&;
t,hermo-iamp
by Soboicwslry
and
IIorrer;
rvatcll Limp by I~umanccau; various lamps, with carhurctted
bythe curved lamp by (Jonnain;
drogen; tfrc po!~flarne lamp, of Rumford;
ia:np, and hgdropnenmatic
lnrnp hy Tliiey, kc. Davv’s
:he enamcilers’
bafety lamp i\ described in Braode’s Chenzistry,
md in TJre’s C/ipi)lira/ n*;
fionrqj.
Set Aphloqi~:tic hmp.
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Colourec?
of tin, are recommended
for the same purpose.
lights afford a variety.
The appearance
of coloured
flame
may be produced
by burning
the oil in coloured
glasses, so
disposed
as to let the light pass through
the glass, or by plawater.*
cing lamps behind
bottles filled with colourecl
The coloured
glasses which are sold in Paris for the purpose, are formed
with facets on the outside,
which not only
produce
the appearance
of coloured
flame, but also, according to the number
of facets, the refraction
and reflection
of the
light.
Arches,
pyramids,
obelisks,
Essc. are lighted
up in thi,%
manner.
The Pont Neuf, and the Seine in 1739, were illuminated
at
It is unthe time of the splendid
exhibition
of fire-works.
necessary, hoivever,
to particularize
on this. head.
We all
remember
the splendid
illuminations
in all our cities during
the late war, which were indeed
a true expression
of our naIlluminations,
in this country.
tional and individual
feeling.
before that time were very rare; none WC think
since thi
y~e
of 1783, and the union under the federal
compact.
Phosphuret
of lime, of the size of peas, thrown into water,
will :iiil,rc!,
at short intervals,
a brilliant
flame of fire; for the
phosp11 ll*.e~tecl
cr:
hi clrogcn gas thus produced
has the propertyof inaiami:lg
sp$ i~~taneo~~sl~.
111atmospheric
air. Alchohol,
containing
sundry salts
iu
S(;ilitilm,
will give a flame of various
colours,
accorciing
to the sa!L it hoI,& in sclution.
See Alcchoi.
Illuminated
works are much admired
1,~. the Italians,
and
particularlv
the Illuminated
chandeliu,
witch
is considered
a,
great adtlltion
to a collection
of works.
An illuminated
cl-ianctelithr is fLl.med
of thin wood with arms extending
on eaci-,
side.
Holes are bori-d ill the front of G
branches
and in
the body, and also in the eagle (if it be added,)
at top, and
In these holes,
distant irom each other shout three inches.
we put illuminations,
filled
with
white,
blue and brillian;
ch:lrge.
Having
fixed in the port-fires,
they must be clothed
with leaders,
so that the chandelier
and eagle may light
tog” theI-.
‘tVe mav also observe,
that, for the speedy lighting
of a
number
oi lamps, at one and the same time, quick-match
enclosed in paper tubes has been used.
This
quick-match
is
* A solution of mllriatc of copper gives n green, of sulpbale of coppca
ant1 rnurizte of soda, a light green; of‘ sulphate oi‘ coppw, and anmonia
in excess, n deep blue; a decoction of cochineal, or of brazil wood, and a
solutloil of tia, a deep red or scarlet, 6;~. These solutions may be used f[jthat put-pow

sometimes made to communicate its fire to a sulphur match,
prepared by dipping strands of cotton in melted sulphur, and
from this to the lamp. Several methods are recommended
for this purpose; one of which consists in dipping cotton wick
in the, oil of spike, and arranging it along the wicks of the
different lamps, so that when inflamed the fire may pass rapidly from one lamp to another.
In 1772, &I. Renault, a
Parisian, announced in the public papers, that he possessed
a secret, by which he could light XKKJ lamps in five minutes,
by means of a match of communication.
We have some esperiments and observations on coloured
flame, by Mr. Morey, in his essay on heat and light, in the
second volume of Silliman’s Journal
of Science and Arts, p.
120. ‘The experiments are curious, and worthy of remark.
If water, he observes, be put into one cylinder, and made to
boil, and the steam beled to the bottom of another inch.nJed
cylinder, containing
spirits of turpentine, the steam, when
let out under a moderate pressure, carries OK with it a suZicient quantity of the spirit to burn with a pleasant tvllite
flame, free from smoke; hut if the pressure be increased, the
flame will become in part or wholly blue. bCH~:re,” he adds,
“AS in many other experiments, I have noticed,that
different
coloured flames may be produced from the same matt.rialsHe further obare the products of combustion different?”
serves, that “if the steam of water, containing a small proportion of the vapour of rosin, be driven aq:1iz15t ?~on, at ux
below a red heat, it burns with a pker~u:rtlt Ill’~c, Azri;‘, w!;:ch
will be extended some way back i:lt~, t;l< ccJlUmn
of the vapour, intermixed
with iunumerablc: s~,~~Es of very white
flame, evidently particles of the rosin.
if the vapours,when
the proportion of the rosin is verv small, are made to pass
between
two plates of iron, at or near a red heat, they can
be inflamed on the opposite sides of the plates, and will
then, sometimes, burn with an entirely L&v flalne, although
the vapour can not be inflamed, without the intervention
of
He states other experimenks, made with tallow
the plates.”
and steam, producing a blue flame.
The blue colour seems
to be owing to the pressure made use of; for, in his second
communication,
(page 122, of the same volume), he me:ltions white flame being produced by the vapour of water;
and when it is in a sufficient quantity? there is 720 snzo&e. If
too great, combustion ceases. Speaking of the colour of the
flame, produced by mixed vap:Jurs, (of the combustible and
water), such as blue, blue ;rnd H tllte, white I ,,.I rn’;3nse
white, he adds, that they may be Imitated, at pleasure, wxtl:

the patent lamp stove, by burning
tar, pitch pine, or mineral
co:tl and water,
Newly
mac.e charcoal
will take up about
three times its weight of water.
“Sand,
abbes, ;:r fi!!ct cl;ty,”
he observes,
“acswers
well for mixing
with tht: tar, sic.
If
the latter be made into a paste with equ;il ‘palts of spirit of
of it, Of a contcal
turpentine
and water,
alid cold IllmilL
form, be placed on a tablrb, and a fLme applied,
the vapours
burn without
smoke for a short time, &c,
If enclosed
in a
tin cylinder,
aljd the rapour
be ma.~ic :o issue through
small
holes at the top, placed as before stated, or on a pLttt: over a
chafing dish of co:&, it burns with a very bri;ht
light,
free
from smoke.
If tE%e cylinder
be tight at the top and the vapour bo led from the inside
st the top, down and through
the bottom,
and there br made to issue in an oblique
direction, and from a Ilumber
of small openings,
it will burn with
a beautiful
flame and supports
and regulates,
very accurate‘I’he oblique
direction
carries
the
ly, its own evaporation.
heat, in part, beyond the cylinder,
when the evaporation
is
too great.
“Every
effect may be produced
in consuming
the smoke,
and giving
an intense white flame, by using a certain
proportion of water, intimately
blended
or mixed
with
these vapours, that CX~ !,c from-an
access of oxygen
furnished,
by
crcatinfl
9 vt:-i’ :jtro:>R current
of air, with a high flue.”
‘The
descripFi;,n
oi
ortj’a
lal>ip stove, may be seeu in the same
‘The steam,
he obstr\‘es,
ma!’ be furnished
4y a
work.
small
tin Loilt-r, and directed
to or 11. :i; t!xc l>ottvin of the
An inteltse white fZume free frc~m SIIJL~I:P, :I\ !J,’ be thus
tar.
produced
from tar, rosin, rough turpentine
or eLc: sljirit, Alcohol, oil, fat, tallow,
mineral
coal, p’itch pint WCIOC:, ;u;tl :!~e
knots, birch bark, and pumpkin,
sun-flower,
flax, and ol!-~r
With
reg:trd
to pin- - wood, he adds, it is the easiest
seeds.
evaporates
at a lower
temperature,
consumes
a
managed,
co~t:~ins
the
greater proportion
o- water in its combustioii,
water within itself, and gives a brighter
light t!::in common
candles
or lamps, and without
smoke.
?‘he more ~ol;t~~ile
parts are csapcjrated
at a tempcratuce
below that of boiling
water, and burn well with three parts of the vapour of walilztc.
Observations
ter; the flame
then, however,
is nrdx~ly
on the application
of this mode of producing
light and heat,
ulay be seen in Silliman,
1’. ; :3l, kc.
It appears,
that GayLussac (Annales
de Cilinzie, for June, 1619,) has coiumerrted
on Mr. Morey’s
plan.
Professor
Hare (SWiman’s
Journal,
vol. Zd, 11. 172) also
observes,
that the flame of hydrogen
gas is rendered
lumi3K
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nous, like that of oil, bv adding
a small
quantity
of oil of
turpentine
to the usual mixture
for generating
this gas; aild
that the addition
of I17 of the same fluid to alcohol,
will give
it the property
of burning
with a highly luminous
flaille;
and
there
is a certain
point in the proportions,
at which
the
mixture
burns without
smoke, like a gas light.
In the first
instance,
he observes, when the ingredients
are at the proper temperature,
the light is greater than that produced
by
carburetted
hydrogen
gas.
Speaking
of this application
of
spirits, the professor
judiciously
adds: “It might
be serviceable to morals,
if the value of this article could be enhanced
by CI new mode
of consumption.”
We find, also, that the
effect of var)our on flame has been noticed
by Dr. Dana, in
the same Journal,
vol. 1, p. 40; by which
it appears, that
when a jet of steam is made to pass into a charcoal
hre, the
vividness
of the combustion
is increased,
and also the low
flame of the coal; that it prevents the smoke of a
attenuated
common
oil lamp, ancl makes the flame brighter;
that the
which is usually
dull and redflame of spirit of turpentine,
dish, is rendered
bright,
and no smoke is formed;
or when
the vapour
of both art’ made to i~hu~ tog,rcther lrom the same
orifice, and inilan:cri,
no smoke appears;
that a jet of steam,
thrown into the fla~nf: of a spirit of wine lamp, or into flames
which evolre
no smoke
or carbonaceous
matter,
produces
the same effect as a current
of air; but that, in all flames
dkh evolve smoke, steam produces an inc~;ased bright.
ness and a more
perfect
com~astinn.
I>it. L~3-m further
.
suggests,
that steam might
bc intro:l::tec!
into rhe flames
oi‘
street lamps,
which might
be so contrived
as to keep water
boiling,
to produce
tile -s LLcam, and thereby
cause a more perfect comi>ustioll,
and a greater
quantity
of light
from
the
same mat~r’iais.
Count
Rumford
has shown,
that the quantity
of light,
emitted
by a given portion
of inflammable
matter
in combustion,
is proportional,
in some
high
ratio, to the elevaand that a lamp, having
many wicks
tion of temperature;
near each other, so as mutually
to increase their heat, burns
with infinitely
more brilliancy
than the Argand
lamps
in
common
use.
To mezsure
the Troportional
intensities
of
two or more lights;
place them a few inches asucder,
and at
the distance of a few feet or yards from a screen of white
paper, or a white wall.
Qn holding
a small
card near the
wall two shadows will be projected
on it, the darker
one by
the interception
of the brighter
light,
and the lighter
shadow, by the interception
of the duller light.
Bring the faint-
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er light nearer to the card, or remove
the brighter one further from it, till both shadows acquire the same intensity.
LMeasure now the distances of the two lights, from the
wall or screen, square them, and you have the ratio of illumination.
Thus, if an Argand flame and a candle, stand at
the distances of 10 feet alid 4 feet, respectively, when their
shadows are equally deep, we have 102 and 4.3, or l(io and
X6, or 6$ and 1, for their relative
quantities of light.
The author of the Diction~~~i~e & !‘~1~~2~trie, vol. iii, p365, in treating on the subject of illumination,
mentions different modes of iifuminating,
both cvith and without transparencies.
VGe know that \“nrious mixtures will produce different coloured flame.
'i‘l~cs, arsenic will burn with a beautiful whire flame in oxygen g,i:i; iron and steel will burn
also,..aRording a brilliant light; phospb<~rus and charcoal with
a white, and sulphur with a b esuCd’ul blue flame; zinc with a
green colour, &c.
Again, we know that a mixture of nitrate of strontia and
charcoal will burn with a rose colnured fLme; one p:rrt of
boracic acid, and three of charcoal,with
a green flame; o:le of
nitrate of barytes, and four of charcoal, with a yellow Aame~
ancl equal parts oi’nitrate of lime and charcoal poClrder, with
an orange flame.
M’e also know, that cotton dipt in oil of
turpentine, or ardent sijirit, rosin, camphor, &c. will burn
extremely vivid and I>eautiful.
The author, whom we have jus:- quoted, gives some remarks on the various coloured &tmtls, thal may interest the
reader.
J’eZt (Feutre,
Fr.) he remarks, if put in the fire, will give
most beautiful colours, a golden yellow and a brilliant biue.
And this, he adds, may be proved by throwing pieces of old
hats into the fire; for these colours depend on the substances
used in dying the hat. He further remarks, that green oak
wood gives a yellow flame, and alcohol with sedative salt,
(boracic acid), a blue, and that, by uniting the flame of both,
the product, as to colour, will be a green.
‘I‘he flame of alcohol is changed cf various colours, according to the salt it holds in solutictn- Of this circumstance,
Schatt was apprised, when he eavr some formula many years
ago, on the manner of forming coloured flame. Keaumur
remarked
also, the diEerent cvlours v hich some metals assume, when submitted to the action of heat, which is known
now to be the effect of oxidizement.
As respects the phenomena with felt, we are told, that,
if we throw into the fire the cuttings of hats, we wilt

perceive

at first
a white
flame,
and then
in succession
green,
and violet
colour;
all which,
our author
observes,
p roceeds
from
the verdigris
and other
substances, employed
in the composition
of the dy-e stuff. There
is one fact, which
he has asserted,
which
may probably
be
explained
on the muteriulittj
of light,
so far as regards
the
JbrmdiolL
of colour,
(not considering,
however,
the theory
of Hallcroft,
given in his Philosophy
of Permunent
C’olours,
or the more philosophical
one of ‘Dr. Samuel
Conover,
of
Philadelphia,
in the ‘l‘ransactic>l;s
of the American
Philoso~hical Society),
and this fact is, that the flame carries the colour
to the object which it illilminates,
and that the object itself
actudly partakes of the colour, in order to produce any particular
cippearance.
Ihat
coloklrs,
as visit&
to the eye, are
ali formed
in the solar light,
and their appenrancc
dcpznds
upon the absorption
of some of the rays of light, and the
rejection
of others, is a doctrine
which followed
the discoWe h:ive not room to notice
veries of Sir Isaac Newton.
this subject,
however
inter~ting
it r,1:3y be in a philosophical point of view.
‘l’here can be no do~~t~t , that the art of colouring
flame was
known for a I9ng time.
We are told, that the philosopher
Anaxilaus
~VC:I pretended,
that, by putting
ink with the oil
oi a lamp, or the liquor
of the cuttle fish, the faces of the hyst,cnders will appear
black by the light
of this lamp!
Sulphur has the effect of rendering
the visage pale and cadaverous.
Other persons, as Simon
Sethe, advanced
an opinion,
that, if we moisten
the wick of a lamp with ink, or in a mixture of the rust of copper, and having lighted
the wick, and
placed other lights around it, the faces will appear, some black,
and some of a brass colour.
Others,
such as Cardan,
say,
that, by making
a mixture
of wine and salt, and then reducing
it two-thirds
hy evaporation,
the flame, which the wine ail1
then give, will make the Zivilg
put on a cadaverous
appearance, if they remain
in one posture.
Malina
also ohserves,
that, b>p burning
a piece: of woollen
cloth ~fell soaked in a solution
of salt in vinegar,
the visage will appear frightful
by
the light
of the flame.
But the process of J. B. Porta is
not less worthy
of note.
If good old wine, he observes, be
l)ut into a bc,\;l with a handful
of salt, and set on live coals,
but not in the flame, and as soon as it begins to boil, is set
on fire, (Lhe other lights in the room
being extinguished),
the figure of each person will appear so hideous,
as to produce a mutual
dread.
The author of the L)ictionnaire
de
~‘Idustrie,
iii, p. 4.3L 3, observes, that he has repeated this ex-

a biuc,
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periment, sometimes with brandy, and at other times with
alcohol, with perfect success.
A cadaverous appearance is said to be given, by mixing
common salt with alcohol, in which some saffron hacl been
infused. When set on fire, and the other lights extinguished,
the effect, tye are told, is very striking.
The so called miraculous
luminaries,
are nothing else than
Tlwir effect is
solar phosphor-i, which are verv numrrous.
Almosr every thing
to emit light in the dark, but nit heat.
in nature possesses this property in a greater or less degree,
which depends on the absorption and subsequent transmission of light.
‘I’he eyes of various animals have this property; cats and owis in particular.
Snow possesses it in a considerable degree.
Putrid animal matter, fish, for example,
rotten wood, &c. partake also of this property.
It may not be improper to notice, in a general way, some
of the substances, which are d~nomin~te:i
solar
phosphori.
The Bolognia~z
phosphorus
is the caicincd
i3aroselcnite,
(sulphatr
of barjtes), which, when exposed a few minutes to
the light, shines when taken into the dark like t+brning coals.
In rvater it emits the same light.
This proper@, as is the
case wi[h all other solar phosphori, it loses gradually; but by
heating it ;tpi~~, imbibes light.
Canton’A
phosphorus
is calcined oyster shtlls.
It is used in the sLm(-: manner.
BUM
Various saline
win’s phosphorzls
is fused nitrate of lim?
and other bodies, as diamonds and precious gems, possess
the same property.
Expressed oils and nnim’ai fats, when
heated to 450°, become phosphorescent.
Hanzelet (Traitk
a’es Feux d’Rrtificc)
remarks, that a
stow may be made to give light by wTter, if prepared in the
following manner.
Take quicklime, tcltty, and saltpetre, of
each one part; reduce them to powder, and expose them to
the action of heat, On the addition of water, light is said
to be given out.
When quicklime is mixed with essential oil, and brought
in contact with water, spontaneous combustion is said to
take place.
Fluor or Derbyshire
spar, (fluate of lime), when pulverized and heated to 21%~ Fahr., and then l*emoved to the
dark, is very luminous.
If writing be made on a copper or
iron plate, with thin mucilage or white of ;:gg, and powdered
fluor spar, sprinkled on it; when the plate is removed to a
gentle coal fire, the delineated objects will become luminous,
and opaque again when the plate becomes cold. The lapis
lazuli has the same effect.

which
become
luminous
by
The phosphoric
substances,
attrition
or percussion,
are numerous.
Hornberg’s
phosphoYZCS,which is nothing
more than calcined
muriate
of lime, is
When
struck
it emits
light.
Without
of this character.
either
light or fir“, a number
of bodies will give out light.
Flints,
and other siliceous
stones, struck against one another,
appear luminous
in the dark.
Various
other minerals
have
Wedgwood
(Phil.
Trans.
1?9,) Coates
the same property.
(A’ich. Jour. 1799,) Westrumb
(Ci-ell’s
Cfzem. Annab,
1784,)
have written
on this sui,jcct;
to which
enumeration
we may
add the interesting
remarks
of Dr. Hulme,
(Phil.
Trans.
1800,) and the obscrvatir:ns
of Cabarris,
in his Memoir,
read
before the Natinn;
Institute.
It may be sufficient
to remark,
that the shell-fish
cailcd
j!lflhS;
the nzcclucsa phosphorea,
and other 1;~oIlusca;
several
insects of the species fuk’ora,
or lantern-fly;
the lumpyris,
or
glowworm;
the scolopendra
electrica;
the cancer fulgens;
the
medullary
substance
of the human
brain,
&c. art: all phosphorescent.
M. Dessaignes
(&tlletilz
de Za ~S’oci~~ti Pfzilomatigue,
&tobre, 1810) made a number
of experitnents
on solid, liquid,
and aeriform
bodies,
relative
to the disengagement
of light
by con~pr4on.
Among
other conclusions,
he adds, that
water is the cz.use of the spoutaneous
phosphorescence
of
bodies, such as quicklime,
Canton’s
phosphorus,
dry muriate
of lime, Ssc. all which, when brought
in contact with water,
emit light,
which
he attributes
to the consolidation
of that
Auid.
The absorption
of moisture,
and irs s:lbsequent
consolidation,
may, in some instances,
give rise to luminous
appearances.
The lapis solaris, Rolognian
stone, or the present sulphate
of barytcs,
was discovered
in 1602, by Casciorolus,
a shoeHe came to Scipio
Begatello,
who at
maker
of Bologna.
that time was particularly
known
by his attachment
to the
art of gold-making,
and showed him
this stone,? under the
mystical
name of /a+ solaris, on account of its attracting
the
fitness for convertqolden light of the sun, and its boasted
ing the semi-metals
into gold, the sol of the alchemists!
Dr. Brewster
(Edinburgh
Pf~ilosophical
Journal)
made a
number
of experiments
on the colour and intensity
of light,
evolved
by different
minerals,
by which it appears,
that the
yellow
sulphate
of barytes
gives a pale light,
while fluate of
lime, a blue and green light.
Cellini
(Treatise
012 Jewelry,
published
near the beginning
of the 16th century)
was the
first who observecl
the phosphorescence
of minerals;
it does
not appear that he knew of the Uolognian stone. Grimshire
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(Nicholson’s Journal,
8~0. ~01s. 15, 16, 19,) made a number
of experiments on the emission of light by bodies, when subjected to the electrical influence; and, when thus treated,
sulphate of barytcs gave a brilliant green light.
The cuwk of the miners, as it is also a sulphate of barytes.
phosphoresces when previously exposed to heat.
There are two water fountains, both set in motion by the
action of heat on confined air, which, as it expands, forces
the water from an under vessel in jets. The first is called
the illumi?~cltecl
fountain,
and plays when the candles are
lighted, stopping when they are extinguished.
The other is
a fountain,
which acts on the same principle, but by the heat
of the sun. T’n~ effect of the first is more or less considerable according to the pressure of the air upon the water,
and consequent!y, to the degree of rarefaction which the air
undergoes.
The chemical illitmi71atio72
of some writers, by using oil of
vitriol, iron filings, and water, and inflaming the vapour as
it proceeds from a bottle, is nothing else than the inflammation
of hydrogen gas. The “ white vapours,”
which they clescribe, is the gas in question.
Having noticed the use of candles and lamps for illumination, we purpose,
in concluding this article, to give the
result of scvme experiments on the relative intensities of light,
and duration of different candles, made by Dr. Ure, which
we extract from his LActionm-y 0J‘ C/~e72isPl/.
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The doctor remarks, that 1-8th of a gallon of good sealoil, weighs 6010 gr. or 13 and l-lot11 oz. avoirdupois,
and
The
lasts, in a bright argand lamp, II hours 44 minutes.
weight of oil it consumes per hour, is equal to four times the
weight of tallow in candles, 8 to the pound, and three and.

one-seventh times the weight of tallow in candles, 6 to the
pOUlld.
But its light being equal to that of 5 of the latter
candles, it appears, from the above table, that 2 Ibs. weight
of oil, in an argand, are equivalent, in illuminating
power, LO
three pounds of tallow candles. Thr: larger the flames in
the above candles the greater the economy of light.*

Imitative fire-works
are nearn.1~.of the same character as
the transpareracies and illun,inaGons
mentioned in thy last
section; but, as this subject mav be interesting
to some of
our readers, we thclught proper-for
that reason to appropriate a section to Its bonsideration.
Imitative
fire-works are formed in the following
manner:
Take a paper that is blacked on both sides, or instead of
black, let it he coloured on each side with a deep blue,
which will b e still better for such as are to be seen through
transparent papers. It must bc of a proper size for the figure
intended to be exhibited.
In this paper, cut with a penknife several spaces, and with a piercer make a great number of holes, rattler long than round, and at no regular di‘stance from each other.
To represent revolving
pyramids
and globes, the paper
must be cut through with a pen-knife, and the space cut out between each spiral should be three or four times as wide as
the spirals themselves.
They must be so cut, that the p~.ra-‘
mid or globe may appear to turn on its axis. ‘i’hc columns
that are represented ;n pieces of architecture,
or in jets of
fire, must be cut in the samt‘ manner as if they are to be represented as turning on their axis.
In like manner may he exhibited a great variety of ornaments, cyphers, and medallions, which, when properly coloured, cannot fail nf producing d most pleasing effect. There
should not be a very great diversity of colours, as that would
not produce the most agreeable appearance.
When these pieces are drawn upon a large scale, the architecture
or ornaments may be shaded; and to represent
different shades, pieces of colourcd
paper must be pasted
* Having mentioned in this article, the use of candles for illumination,
it may not be improper to observe, that t\)e:y were also employed for
In 1172, Henry 11.
cooking,
as will appear from the following incident.
of France, collected together the feigners of Languedoc, in order to meditate a peace between the count of Toulouse, and the king of Tarragon, at
which Guiilume Gros de Martel gave a sumptuous dinner, the viandc
being all cooked by the flame of WQX tayers!
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over each other, which will produce
an effect that would
not
be expected
from transparent
paintings.
Five or six piG:ccs
of paper, pasted over each other, will be sutIicierit
to represent
To give these pieces the different
mothe strongest
shades.
we must first consider
the nature
of e:lch
tions they require,
piece: if, for example,
WC have cut out the figure of the sun,
or of a star, we must construct
a wire wheel of the same diameter with those
pieces.
Over this wheel a very thin paon which
is drawl]
with black ink the
per is to be pasted,
spiral figure.
The wheel thus prepared,
is to be placed behind the sun or star, in such a manner
that irs axis rfiay be
exactly
opposite the ccntre of either of those figures.
‘This
wheel may be turned
by any contrivance.
NOW, the wheel being placed
directly
behind
the sun, for
example,
and very near to it, is to be turned
regularly
round
and strongly
illuminated
by candles placed behind
it.
The
lines that form the spiral
&ll
then appear through
the spaces cut from the sun, to proceed from its centre to its circumference;
and will resemble
sparks of fire that inct ssantly
succeed
each other.
‘Tile same effect will he produced
by
the star, or by any other figure, where the fire is not to appear as prOceetlint, v from the circumference
to the centrc,
These two piects, as ~~11 as those that follow,
may be of
any size,
provided
WC clt,serve the proportion
between
the
parts of the figure and the spiral,
which
must be wider in
large figures than in small.
If‘ the 5:1n, for example,
have
from six to twelve inches diamctcr,
the width of the strokes
that form the spiral need not be more than one-twentieth
part
of an inch, and the spaces between them that fur-m t!ie transparent parts, about two-tenths
of an inch.
If the SUG be two
feet in diameter,
the strokes sh’ould be one-eighth
of an intill,
and the space between,
one quarter
of an inch; and if the figure be six feet in diameter,
the strokes should be one-fourth
of an inch, and the spaces, five-twelfths
of an inch.
l’hese
pieces have a pleasing
effect, when represented
of a small
.
s17e ' ,
but the deception
is more striking
when they are of
!arger dimensions.
it will be proper to place these pieces, when of a small
size, in a box quite close on every side, that none of the light
may be diffused in the chamber;
for which purpose
it will be
convenient
to have a tin door behind
the box, to which the
candlesticks
may be soldered,
and the candles more easily
lighted.
The selperal
figures cut out should
be placed
in frames,
that they may be put alternately
in a groove in the forepart
2 I‘
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of the box, or there may be two grooves, that the second
piece may be put in before the first is taken out.
The wheel must be carefully concealed from the eye of the
spectator. Where there is an opportunity of representing these
artificial fires by a hole in the partition,
they will doubtless
have a much more striking effect, as the spectator cannot then
Conjecture by what means they are produced.
It is easy to conceive, that, by extending
this method,
wheels may be constructed with three or four spirals, to
It is manifest,
which may be given diRerent directions.
also, that, on the same principle,
a great variety of transparent figures mav be contrived, which may be all placed before
the same spiral lines.
Pn representing cascades of fire, it is necessary to observe,
that, in cutting out the cascades, care must br taken to preserw a natural inequality in the parts cut out; for if to save
time, all the holes are made with the ssme pointed tool, the
uniformity
of the parts will produce a disagreeable effect.
To produce the aT>parent motion of these cascades, instead
of drawing a spir21, a slip of strong paper is to be provided,
in which there must be made a great number of holes near
each other, and made with pointed tools of different dimensions.
At each end of the paper, a part, of the same size with
the cascade, must be left uncut; and towards those parts the
holes must be made a greater distance from each other.
When the cascade that is cut out is placed before the
scroll of paper just mentioned, and it is entirely wound upon
the roller,‘the
part of the paper that is then between, being
quite opaque, no part of the cascade will be visible; but, as
the wheel is turned gently and regularly round, the transparent part of the paper will give to the cascade the appearance
of fire that descends in the same direction; and the illusion
will be so strong, as to appear as a real cascade of fire.
_I
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FIRE-WORKS.

Fire-works, which are exhibited on water, have a very pleasing effect. Water rockets, in particular, are much admired.

Sec. I.

Of

Water

RocKets.

Water rockets are generally small, from four ounces t0
two pounds.
5Vhen large, they are di%icult to be kept above
When this is used, it is tied to
water without a cork float.
the neck of the case. They will not dive as well with as
without floats.
The cases for water rockets are made in the same proporFor those
tion as for sky-rockets, but the paper is thicker.
which are driven solid, put in at first a ladle filli of slow-fire,
and then two of the proper charge, and on that, one or two
ladies of sinking charge; then the proper charge. thrn the
sinking charge again; and so on till the case is filled within
Then cirive on the composition one ladlethree diameters.
full of clay, through which m.1ke a small hole to the charge.
Fill the case within half a diameter with corn powder, on
which turn down two or three rounds of the case in the inHaving thus
side; then pinch and tie the end very tight.
filled the rockets, dip their ends in melted rosin or seaiing
wax, or secure them with grease. When they are fired, six
or eight may be thrown in at once; but if they are a!1 to
s~vim o:’ sink at the same time, they must all have an equal
quantit;- of composition and he fired together.
In the sockets whicin burn in the water, there must be a
considerable variation i:~ tI,c L\r>ni:;truction
of the mould,
and
also in the materials ot’wilich
they are composed.
The composition should consist of three materials mixed together,
viz. three ounces of meal-powder,
one pound of saltpetre,
and eight ounces of sulphur.
If the rocket is to appear on
the water with a beautiful tail, the composition must consist
of eight ounces of gunpowder, one pound of saltpetrc, eight
ounces of sulphur, and two ounces of charcoal.
When the
composition
has been prepared according to these proportions, and the rocket been filled, apply a srtucisson to the end
of it, and having covered the rocket with wax, pitch, &c. as
before mentioned, attach it to a small rod of white willow,
about two feet in length, that the rocket may conveniently
float. Cork may be used, as we observed, for the same
purpose.
A certain quantity of meal-powder,
witheut any
mixture, put at certain distances, must be used, if it is required that these rockets should plunge down and again rise
uP*
Sec. Il.
Of Pipes of C’ommu~iication,

The pipes of communication
must be made of thick paper,

which are used under water,
and when dry covered with

oil, which must then be thoroughly dried.
In oiling
thei!) leave about one and a half inches dry for joints; :I$ the
parts would not adhere where the oil was applied. Ttre whole,
however,
is completely oiled after the leaders are joined,
and the paste dry.
These pipes will remain under water for
some time without injury,
drying

An octagon wheel is to be provided,
made of flat boards
eighteen inches in di:ttneter, so that the length of each size
will be near sevt’n i~ii.hl;bs. in all the sides, cut a groove for
the cases to lie in. Procure a wooden bowl without a handle, and on the top nail the wheel; then take four eight-ounce
cases, rrllled with a proper charge, each about six inches in
When the wheel is to be clothed wi:h these cases,
length.
get some whitish-brown
paper, and cut it into slips of four or
five inches broad, and seven or eight long. ‘I’hesc slips being
pasted all over on one side, take one of the cases, and roll.
one of the slips of paper ahout one and ;I half inches on its
end, so that there will remain about two and a half inches of
the paper hollow f>om the end of the case. This case is to be
tied on one of thr sides of the wheel, near the corners of
which holes must be bored, through which the pack thread
is put to tie the cases. Having tied on the first case at the
neck and end, put a little meal-powder
in the hollow paper:
then paste a slip of paper on thr end of another CBSC, the
head of which put into the hollow paper of the first, allowing
a sufficient distance from the tail of one to the head of the
other for the pnvtctl II-Y;X~ to bend \vithout
tearing.
The
second cast: is to bt: GetI on in the same manner as the first,
and SOon with the rest except the last, which must be closed
at tIu2 end; unless it is to communicate to any thing on the
top of the wheel, such as fire-pumps,
or brilliant fires, fixed
in holes cut in the wheel, provided they be not too heavy for
the bowl.
Before the cases are tied on, the upper part of all their
ends except the last should be cut shelving, that the fire from
one may play over the other, without being obstructed by
the case, Wheel cases have no tray driven in their ends, nor
are they pinched, but always left open; only the last, or those
which are not to lead fire, which must be well secured.

i

bowl

and wheel, as above described,

are necessary 5;

SEC.
v.]

Fzre Globes for

the Kater.

this exhibition;
but with this difference
that in the wheel there
These
must be a hole large enough
to receive
the mine.
mines are tin pots, with strclng bottoms,
and a little
more
than two diameters
in length.
The mine must be fixed in
the hole in the wheel, with its bottom
resting
on the howl;
then loaded with serpents, crackers, stars, small water rockets,
&c. in the same manner
as pots of aigrettes;
but in the centre
fis a case of Chinese fire, or a small gerbe,
which
must be
lighted
at the beginning
of the last case on the wheel. These
wheels are to be clothed
as usual.
Sec. i/r.

Of Fire

Globes for

the Water.

Bowls for water globes must be very large, and the wheels
on them of a decagon form. On encll side of the wheels, nail
a piece of wood four inches long; and on the outside of each,
cut a groove, wide enough to receive about one-fourth
of the
These pieces of wood must
thickness
of a four-ounce
case.
be nailed in the middle
of each face of the wheel, and fixed
in an oblique
direction;
so that the fire from the cases may
Incline
upwards.
‘The wheel being thus prepared,
tie in each
groove a fotlr-ounce
case, filled with
a gray charge.
Then
c:arry .a leatler
from
the tail of one case to the mouth
of
another.
Globes for these cases are made
of two tin hoops, with
thin edges outwards,
fixed one within :he other, at right angles.
The diameter
of these hoops must be somewhat
less than
that of the wheel.
Having
made a globe, drive in the centre of the wheel, an iron spindle,.wbich
must stand perpendicular,
and be in length four or SIX inches more than the diameter of the globe.
The spindle
serves as an axis, on which the globe is fixed,
which,
when done,
must stand four or six inches from the
wheel.
Round,
on one side of each hoop, must be soldered
small bits of tin, tvvo and a half inches distant from each other.
‘I’hese pieces must be two inches in length
each, and only
fastened at one end, the other ends being left loose, on which to
turn round the small port-fires,
to hold them on: l’hese portfires must be made of such a length,
as will last out the cases
on the lvheel.
l’here
need not be any port-fires
at the bottom
of the globe,
within four inches of the spindle;
for, if there
wrre,
they would have no elTect, but only burn the wheel.
hl! the port-fire
must be placed perpendicular
from the centre of the globe, with their mouths
outwards;
and must
all
be clothed
with leaders, so as all to take fire with the second
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case of the wheel; which cases must burn two at a time opposite to each other.
When two cases of a wheel begin together, two will end together;
therefore
the two opposite end
cases
must have their ends pinched,
and secured
from fire.
The method
of firing such wheels is, by carrying
a leader
from the mouth
of one of the first cases’to that of the other;
which leader, being burnt through
the middle,
will give fire
to both at the same time,

’ Odoriferous
works are gcnerallv
fixed in rooms,
and, when
speaking
of scented fire, we noticed
such compositions
as
ii’ ;:Wl
WOU~C!
communicate
an agreeable
odour
to the air.
!lut
balloons
are made in the same manner
as air baiilrm~:~,
very thin of paper, and in diameter
I 3~ inches, with a vent,
The she!ls b:.in;: made,
and quite
I-2 an inch in diameter.
dry, are filled with odoriferous
compsition,
which must be
rammed
in tight.
These lxtl~oons are fired at t2e vent, and
put into a*bowl of watt’-.
Water
rockets maI* ;:i SQ be IX&C
of ;\uJ- of the following
compositions,
with a’littlc
alteration
to ma’icc them weaker 0~’
stronger.
I.

2.

4‘i *

Saltpctx,

Sulphur,
.
Camphor,
Yellow
Amber,
*
Charcoal
dust,
Flowers
of benzoin,
Saltpetre,
”
Sulphur,
0
Antimony,
Amber,
Cedar-raspings,
Oil of roses,
Oil of bergamot;
Saltpetre,
.
aleal-powder,
Frankincense.
a
Bl;rrh,
t
Camphor,
.
C liarcoal,
I
Oil of Spike,
”

.

.

.

,

2

e

oz.
-

a

I
::
?
.a
L
‘,‘k
1
,$

1

,

e

_I
-

2

o?.,

Ii
3.
2
$-

-

4

-

iG drops.

4

40 drops.
12

oz.

3F

a

a small

l1
2
I2
3-

-

quantity,

3zc, vrq
4.
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!%filtpetre,
.
.
4 oz.
Sulphur,
.
.
* 9
lSawdust of Juniper,
,
c .rFrSawdust of Cypress,
.
LCamphor,
.
.
.
3I* I
. 41.
Myrrh,
0
.
$Dried rosemary,
.
.
&Cortex elaterii,
*
.
Sec. VII.

Of

Water

Balloons.

Having made some thin paper shells, fill some with the
composition for water balloons, and some after this manner:
Having
made the vent of the shells pretty large, fill them
almost full with water-rockets,
marrons, squihs, &c. Then
put in some blowing powder, sufficient to burst the shells,
and afterwards
fix in the vent a water-rocket, long enough
to reach the bottom of the shell, and its neck to project a
little out of the vent. This rocket must be opened at the
end, to fire the powder in the shell, which will burst the
shell, and disperse the s‘mall rockets, &c. in the water. When
the large rocket is well secured in the vent of the shell, take
a cork float with a hole in its middle, which fits over the head
of the rocket, and fasten it to the shell. This float must be
large enough to keep the balloon above water.
Composition
1.

2.

fat

Saltpetre,
.
Swlphur ,
Meal-powder:
.
Antimony,
.
Sawdust,
.
Glass-dust,
,
Saltpetre,
D
Sulphur,
M eal-powdt&,
I
Rosin,
.
Antimony.
.

The foilowing

composition

.

P

4 lbs,

l

.

l

2-

l

3-

4 oz.
4--

.

.

l

.

0

14-

9 lbs.
e

0

3-

Ge

12 oz.

9

L
is gieten for

l

S-

Water-Globes.

I lb.
Grain, or Corn-powder,
.
.
32 Saltpetre,
.
.
sSulphur,
.
.
:
1 oz.
Scraprd ivory,
- Sawdust (previously
soal;ed in saltbetre and dried) 8 lb:;,

Sec. VIII.

Of

Water

SqUibs.

f

These are generally made of one-ounce serpent cases, seven or eight inches long filled two-thirdsawith
charge, and
the remainder
bounced.
The
common method of firing
them is this:
Take a water-wheel,
with a tin mortar in its
centre,
which load with squibs after the usual method; but
the powder in the mortar must be no more than will throw
the squibs out easily into the water. The cases may be placed
on the wheel, either obliquely or horizontally,
and on the top
of the wheel, round the mortar, fix two cases of brilliant fire
perpendicularly
to the wheel. These cases must be fir& at
the beginning
of the iast case of the wheel, and the mortar
at the conclusion

of the same.

Sec. IX.

Of the Water

Fire-Founlcrin.

A float made of wood, three feet in diameter is
Tided.
In the middle, a perpendicular
post, four
and two inches wide must be inserted.
Three
wheels, made of thin wood, but without spokes,
round this post. ‘T’he largest of these wheels must
within two or three inches of the float, and must
of the same diameter.
The second must be z-feet
in diameter, and fixed at the distance of two feet
first. The third wheel must be 1 foot LEinches in
and fixed within six inches of the top of the post.

to be ~YOfeet high
circular
are

fixed

be placed
be nearly
2 inches

from the
diameter,

The wheels being
arranged,
lake 18 {CIUY or ~~ight,ou~~
cases of brilliant
fire, and place them round
the first wheel,
a3
with their
mouths
outwar:Ic, ::ntl irlc,lining downwards.
the second wheel,
place thirteen cnscs of the same, and in

the same manner as those on the first. On the third, place
more of these cases, in the same manner as before, and
on the top of the post, fis a gerbe. ‘T’hen clothe all the cases
with lezders, so that they and the gerbe may take fire at the
same time.
The float should be tried first in the water, to
see if the fountain stands upright,
eight

-fe-

X.

Of

Szvuns

and

Ducks,
Water.

to

discharge

Rockets

in

‘I’his experiment may be made, by forming swans, or ducks
‘fhey are to be filled
of paper, leaving a cavity within.
with small water-rockets,
with some blowing powder to
throw them out.
Having
made and painted
some swans.

SEC.

X1.j

449

fis them on floats. Then

in the place where their eyes
should be, bore holes two inches deep, inclining downwards, and wide enough to receive a small port-fire.
The
port-fire
case for this purpose must be made of brass,
two inches long, and filled with a slow bright charge. In the
middle of one of these cases, make a littie hole. ‘T’hcn put
the port-fire in the eye-hole i,f the swan, leaving about half
an inch to project out, and in the other eye, put anoti:er portfire, with a hole made in it. Then, in the neck of the swan,
within two inches of one of its eves, bore a hole slantwise,
to meet that in the port-fire.
In’thiS hole, put a leader, and
carry it to a water-rocket,
that must be fix& upon its titil,
with its mouth upwards.
On the top of the heacl, pinre 2
#due-ounce cases, four inchc s l:,ng each, driven with brilitant
5-C. One of these cases must incSlir;e forwards, and the other
backwards.
‘They must by ligbtccl at the same timt: as the
water-rocket;
to do which, bore- a hole brt~*~‘en their in the
top of the swan’s head, down to the hole in :hc pL>rt fire,
to which carry a leader.
Ii the swan is filid with rrxlcets,
they must be -fired by a pipe from the eild of the w:tter.rocka
et, under the tail. When the swan is put in the water-, the
?two eyes are to be lighted.

Stands must be made as usual, only the rails must be
placed Aat instead of edgewise, and have holes in them for
the rocket sticks to go through; for if they were hung upon
hooks, the motion of the water would throw
them off, ‘l‘he
stands being made, if the pond is deep enough, sink them
at the sides so deep, that, when the rockets are in, their
heads may just appear above the surface of the water.
To
the mouth of each rocket fix a leader, which must be put
through the hole with the stick. Then a little above the
water must be a board, supported by the stand, and placed
along one side of the rockets; and the ends of the leaders
tire to be turned up through holes made in this board, ex.xtly opposite the rockets. By this means, they may be fired
singly, or at once. Rockets may be fired by this method in
the middle of a pond, by a Neptune, a swan, or a waterwheel.
A rocket, which is fired in the water, and, after burning
there half the time of its duratioil, mounts into the air with
great velocity, may be thus constructef’i.
-d’ake a sky-rocket,
furnished with a rod, and, by means of a little glue, attach
3 M

it to a water-rocket, but only at the middle, in such a man+
ner, that the latter will have its neck uppermost. Adjust to
their extremity, a small tube, to communicate
fire from the
one to the other, and cover both with a coating of w;\x,~
pitch, &c. that they may not be darnaged by the water. Then
attach to the sky-rocket, after it has-been thus cemented to
the aquatic rocket, a rod, and, by means of a string, support a
musket bullet, made fast to the rod by means of a needle or
piece of iron.
When these arrangements
have been made,
set fire to the match after the rocket is in the water, and,
when the composition is in part consumed, the fire will be
communicated
through the small tube to the other rocket.
The latter will then rise and leave the other, which will not
be able to follow it, on account of the weight adhering
to it,
Sec. X rL

ty* the Representation

0JiVeptme

in his Chariot.

This representation
is performed
by procuring
a figure
made of wood, or wicker wood, of the proper size, and supporting it on a float, on which must he two horses’ heads and
necks, so as to appear swimming.
For the wheels of the chariot, there must h(: two vertical t+heels of black fire, and, on
Neptune’s head, a horizontal wheel of brilliant fire, with all
its cases to play upwards.
When this wheel is made, cover
it with paper, or pasteboard, cut and painted like Neptune’s
coronet; then let the trident be made without prongs; hut,
instead of them, fix three cases of a very weak gray charge,
and on each horse’s head, put an eight ounce case of brilliant fire, and on the mouth of each, fix a short case of the
same diameter, filled with the white flame composition, sufficient to last out all the cases on the wheels.
These short
cases must be open at bottom, that they may light the brilliant fires. For the horses’ eyes, put small port-fires, and, in
each nostril, put a small case, filled half with gray charge,
and the rest with port-fire composition.
If Neptune is to give fire to any building on the water;
at his first setting out, the wheels of the chariot and that on
his head, with the white flames on the horses’ heads, and the
port-fires in their eyes and nostrils, must be all lighted at
once. l’hen, from the bottom of the white flames, carry a
lcadcr to the trident. As the figure is to advance by the help
of a block and cord, it must be so managed as to prevent its
turning about, till the brilliant fires on the horses and the trident begin.
For it is by the fire from the horses (which
plays almost upright,) that the building, or work is lighted,

Representation
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which must be thus prepared.
From the mouth of the case,
which is to be first fired, hang some loose quick-match, to
receive the fire from the horses. When Neptune is only to
be shown by himself, without setting fire to any other of the
works; let the white flames on the horses be very short, and
not to last longer than one case of each wheel; and let two
cases of each wheel burn at a time.
~5icc.XIII.

Of the Heib-esentation of a Sea-Fight with Small
Ships, and the Preparation of a Fim-Ship.

Having procured a number of small ships of two or three
feet in length, prepare a number of small reports, which are
to serve for guns. Of these, range as many as you please on
each side of the upper decks. ‘Then, at the head and stern
of each ship, fix a two-ounce case, eight inches long, filled
with slow port-fire composition;
but take care to place it in
such a manner, that the fire may fall in the water, and not
burn the rigging, In these cases, bore holes, at unequal distances from one another; but make as many in each case as
half the number of reports; so that one case may fire the
guns on one side, and the other, those on the opposite.
The
method of firing the guns is by carrying a leader from the
holes in the cases to the reports on the decks. These leaders
must be made small, and care must also be taken in calculating the burning of the slow-fire in the regulating cases, that
more than two guns be fired at a time. ‘To give a broadside,
let the leader be carried to a cracker, placed on the outside
of the ship; which cracker must be tied loose, or the reports
will be too slow. In all the ships, put artificial guns at the
port- holes.
Having filled, and bored holes in, two port-fires for regulating the guns in one ship, make all the rest exactly the
same. Then, when the engagement has commenced, light
one ship first, and set it a sailing; and so on with the rest,
sending them out singly, which will make them fire regularly, at different times, without confusion; for the time between
the tiring of each gun will be equal to that of lighting the
slow-fires.
The fire-ship may be of any size. To prepare a ship for
this purpose, make a port-fire,
equal in size to those in the
other ships, and place it at the stern. In any port, place a
large port-fire,
filled with very strong composition.
and
painted in imitation of a gun, and let them all be fired at
once by a leader from the slow fire, within two or three di-

ameters
of its bottom.
All along both sides, on the top of
the upper deck, lay star-composition,
about half an inch thick
ard one broad, which
must be wetted
with thin size, then
primed
with meal-powder,
and secured from fire hy pasting
paper over it.
In the place, where this compc>sition
is laid,
some little tacks, with flat heads, are to be driven,
to secure
it first to the deck.
This must be fired just after the sham
guf~s, and, when burning,
will show a flame all round the
ship.
At the head, take up the decks, and put in a tin mortar, loaded
with crackers,
which mortar
must be fired by a
pipe from the end of the slow fire.
The firing of the mortar will sink the ship, and make a pretty conclusion.
Having
prepared
all the ships for fighting,
we shall next
proceed
with the management
of them
when on the water.
-41 one end of the pond, under
the surface of the water,
fix two running
blocks, at the distanct:
the ships are to ::ght
apart, and at the other end of the pond, opp:)sitc
to each of
these blocks,
under water, fix a double block.
On the land,
by each of the double
blocks, place two small
windlasses.
Roxrd
one of them, turn one end of a small cord, the other
end of which is to be put through
one of the blocks.
Then
carry it through
the single onr at the opposite
end of the
pond, and bring it back through
the double
block again, and
round
the ether windlass.
To this cord, near the double
block, tie as many small strings,
as half the number of ships,
at the distance
required.
These
strings,
however,
shollld
not be more than two feet each.
Make
fast the loose end of
each to a ship, just under the bowsprit,
but if tied to the
keel,
or too near the water, it will overset
the ship.
Half
the ships being thus nrepared,
near the other double block,
fix two more rvindlasscs,
to which
fasten a cord, and to it,
tie the other half‘ of the ships as above.
When the ships are
!irc,d, turn that windlass
which
draws them out, and so on
\vith the rest, till they are all out in the middle
of the pond.
Then by turning
the other windlass,
they will be drawn back
again;
by which method,
they may be made to change sides,
and tack about hackwards
and forwards
at pleasure.
For the fire-ship,
fix the blocks and windlass
between
the
a
(lt*lt’l’S;’
, so that, when she sails out, she will be between
the
:Jttlt,l- slnips.
She must not advance,
however,
till the guns
at tlcl* flOrtS
take fire,
111 th,: c,shibition
cf water fire-works,
it is obvious,
from
the observations
we have made, and the different
pieces prepared for rl::it purpose,
that slrch exhibitions
may. be varied,
‘\s,d

tV*3i,

:l:%-

r,icce%
I

@It

:sp.

CHAPTER
OF THE

.

XII.

ARRANGEMENT
OF
EXHIBITION.

FIRE-WORKS

FOR

Jones (P&e-works,
8vo. 1 76) observes, among other remarks, that nothing adds mort to the appearance of fireworks, than placing them properly; though the management
of them chiefly depends on the judgment
of the maker.
When water-works
are to be exhibited, divide them into
several sets, and fire one set after every fifth or sixth change
of land and air works.
Observe this rule in firing a double
set of works; always to begin with sky-rockets; then two
moveable pieces; then two fixed pieces, and so on; ending
with a large flight of rockets, or a marron battery, If a single collection, fire a fixed piece after every wheel or two,
and occasionally some air and water works.
The rules, adopted in the arrangement
of fire-works
for
exhibition, are the following:
If they are a double set, place
one wheel of a sort on each side of the building;
and, next
to each of them, towards the centre, place a fixed piece; then
wheels and so on, leaving a sufficient distance between them,
for the fire to play from one, without burning the other.
Having fixed some of the works in front, place the rest behind them, in the centre of the intervals.
The largest piece,
which is generally a regulated or transparent piece, must be
placed in the centre of the building;
and behind it a sun,
which must always stand above all the other works. A little
before the building, or stands, place the large gerbes; anal, at
the back of the works, fix your mart-on batteries, pots des
aigrettes, pots des bins, pots des sauccissons, air balloons,
a&-l flights of rockets.
The rocket-stands may be fixed behind, or any where else, so as not to be in the way of the
works.
Single collections are fired on stands, which stands are
made in the same manner as theodolite stands; only the top
part must be long or short, according to circumstances.
‘I’ht>
These stands may be fixed up without much trouble.
following is the order of firing works, zriz:
1. Two signal
7
2. Sky
iRockets.
k7. Two honorary
T. Four caduceus 1

Arraszgwnen t of Fire- Works.
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8. A line of rockets of five changes.
9. Four tourbillons.
10.7
rHorizonta1
wheels.
11. 1
1 Air-balloons,
illuminated.
12. )Two(
Chinese fountains.
13. 1
J Regulating pieces, of four mutations each.
[Pots des aigrettes.
14.J
15. Three large gerbes.
16. A flight of rockets.
17. Two
Balloon wheels.
18. I
f Cascades of brilliant fire.
19. Twelve sky-rockets.
20.
Two
Illuminated
yew trees.
21. I
t Air- balloons of serpents, and two compound?
22. Four tourbillons.
Fruiloni wheels.
“28’ Two
I
f lllumitrated globes with horizontal wheels.
2~: One pot des sauccissons,
26. Two plural wheels.
27. Marron battery.
38. Two chandeliers, illuminated.
29. Range of Pots des brins.
30. Twelve sky-rockets.
31, Two yew-trees of fire.
32. Nests of serpents.
33. Two double cones, illuminated.
34. Regulating piece of seven mutations, viz.
I. Vertical wheel, illuminated.
2. CTolJen glory.
C: Octagon vertical wheel.
:2-l Porcupine’s sguills.
5. Cross fires,
6. Star piece with brilliant rays.
7. Six vertical wheels.
S5. Brilliant sun.
36, Large flight of rockets.
According to the arrangement, and execution of f-ire-work:,
for exhibition, as given by Morel ( rJ>aitd Ymctigue des Few
d’Artjj’~‘e, p. I 31,) the following order is observed:
I. A salvo of artillery.
2. Six dozen rockets of honour, discharged two at a time
from each side of the decoration.
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o3 . Twelve
Bengal lights, distributed in such a manucr, as
to light all parts of the decoration.
4. Two batteries of ordnance, (fire-pots.)
5. Four regulated cases, each consisting of two dozen rockets of an inch caliber, forming the mosipue at the elevation of five hundred feet.
6. Eight turning suns, with the caliber of five-sixths of an
inch.
7. Four caprices (detonating.)
8. Two balloons of go’lden rain, and two in stars.
9, The p!ric piece, complete.
10. Twelve tourbilions, or table rockets.
I I. Four girandoles; two mosaic, and two of Roman canCllCS.

IO,. A large sphere,
1.3. Six balloons; three in golden rain, and three in stars,
14. Twenty-four
honorary rockets, fired four at a time.
15. A large illuminating
cut-work, with a device, accompanied with two Chinese parasols, and two wheels of coloured fire.
16. Four falling caprices.
17. Twelve balloons of stars, preceded by six dozen honorary rockets, fired twelve at a time.
18. The undulating
fire, accompanied with eight wing-s,
four on each side.
19. A battery of two hundred mosaics, and as many Roman
candles, with marrons and fire-pots.
20. Illumination
;of the decoration, with four mosaic tourbillons, followed by two cases, containing two hundred
rockets each; and a salvo of artillery, which announces
the departure of the girande, composed of a thousand
rockets, in golden rain,
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Laboratory-works
comprehetid
all the operations of’ til%,
~~kshop, connected with this branch of pyrotechny.
?‘h r‘
tools and instruments required for the laboratory, as well as
the substances employed in the diflYerr:nt preparaticxx, WC
have already described,
Having noticed the origin of gunpowder, in the first part
of our work, the following remarks in relation to that subject,
namely, the history of cannon, may be interesting.
For some time after the invention of artillery, gunpowdet
was of a weaker composition
than that at present used, 01
than that described by Marcus Graxus.
The first pieces of
artillery were rough and
and very*
very* inconvenient,
being usuall>framed of several pieces of iron bars, firted together length%‘hese t;uns were first emwise, and hooped with rings,
ployed in throwing stone shot of a prcldigious weight, in imitation of the ancient machines, to which they succeeded, and
was bewere of an enormous bore. When Constantincple
sieged by &Iahomer. II. in rhe year 1453, the walls were battered with stone builets, and some of the pieces were oi
1200 lbs. caliber; but they could‘not
could ‘not be fired more than four
times in twenty-four
hours, and sometimes were burst by the
first charge.
As mathematical knowledge increased in Europe, that of
mechanics gradually advanced, and enabled artists, by making brass cannon of a much smaller bore for iron bullets, and
capabl,: of bearing a much greater charge of strong powder
in proportion
to their calibers, to produce a very material
and important change in tile construction and fabric of those
original pieces. Guicciardin (History,
&c. 1st BooR) informs
us, that, about I 14 years after the first use made of those
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anwieldy
pieces by the Venetians, in their war against the
Genoese in 1380, the French were able to procure, for the
invasfon of Italy, a great number of brass cannon, mounted
on carriages, drawn by horses. He then enumerates the advantages which these pieces possessed, and particularly
that
they could be pointed with incredible quickness and expedition, in comparison with those formerly made use ot in Italy.
But, 3.s our limits will not permit us to notice all the circumstances in connr-ction with thcsc pieces, it is suacient to remark, that this change in the formation of sl*tillrrf
has 3s yet
ilndergonli:
na material alteration; if we exc;pt tile i:?tKidllction of c~rronxlc8, iirst suggested by general Melville,
and
of Columbiads, by the la;!: 31r, Barlow.
Glenie (Nistory oj‘G’2i?z/!~~~~ I TY(i) appears to have been
the first, who gave the theory CJ~.;jrojt‘ctiles in a’acuo by plain
geotnetry, or by means of the sq:rnx and rhombus, with a
method of reducing projections on Inclinc d planes, whether
elevated or depressed below the horizontal pla12c,
to those
which are made on the horizon,
‘I’he experiments, and observations, of Mr. Robins, on the subject of gunpowder, &czc.
may be seen in the article on gunpowder.
Besides the formation of ca::non, by uniting iron bars together, anti strengthening
them by hoops, (one or two of
which were made in Philadelphia
in 1’776, by a Mr. Wheeler, of a superior kind,) others were mnclc of thin sheets of
iron, rolled up together and hooped; and on emergencies,
they were made of. leather, with plares of iron or copperStone balls were used, and a small quantity of powder.
It:
the 13th century, cannon were used in a sea fight, b,:twectk
the king of Tunis and the Moorish king of Seville.
‘1%~
Venetians used cannon at the siege of Claudia Jessa, now
called Chioggia, in 1366, which were brought thither by two
Germans, with semi: powder and leaden balls; as likewise in
their wars with the Genoese in 1379. At the battle of Cryssy, in 1346, Edward I II made use of cannon.
?‘hry wer”f
PiYCt-5
fJt
also employed in the seige of Calais, in l%‘i.
ordnance were made use of by the Turks, at the siege of
Constantinople,
then in possession of the Christians, in 1594,
or in that of 1452, that threw a weight of 1OM 11)s. Louis
XII had one cast at Tours, of the same size. One of those
cannon was taken at the seige of Dieu, in 1546, by Don
John de Castra, and is in the castle of St, Julia0 de Barra,
10 miles from Lisbon.
Its length is 20 feet 7 inches, diameter at the centre, 6 feet 3 inches, and it discharges a ball of
lot10 lbs.
It has neither dolphins, xings, nor buttons, is of 2
ax
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curious kind of metal, and has a large Indostan inscription
upon it, b)y which it appears it was cast in 1400. The mortars
at the Dardanelles are represented to throw shells, or ball of
an immense size and weight.
Some do not consider cannon an European invention;
because it is asserted, that authentic documents exist of their
use in China, many centuries hefore they were thought of in
Europe.
If they- say, the testimony of the Chintse themselves is not sufficient on this point, the fact of their great
wall being furnished with embrasures, fitted in such a manner for cannon, leaves no doubt of their having been in
To this, an additional argu=
use at the time of its erection.
ment mav be added, from their very ancient game of chess,
in which-pieces
have been used from remote antiquity, designating engines of war, whose power was derived
from
gunpowder.
Mr. Irvin, (Trans.
Royal
hish hxdemy,)
in
his paper on the Chinese Game of Chess, proves, that gunpotvder was in common use in China, 371 years after Confue
cius, or 161 years before Christ; and Da Malde has long
since given documents tfJ show, that the Chinese wall was
in existence 200 years before the commencement
of the
Christian era; and consequently, for the reason before stated, the use of cannon must have been of at least equal antiquity.
The Asiatic Researches contain some remarks to the
same point.
There is a strong probability then, that the invention
of guns was of a much more remote date. It is not
impossible, however, that the same thing may have been invented by different persons, in various parts ot the world.
We mentioned, that it is much more probable, that the
use of gunpowder
ill war was derived ultimately from the
Chinese, notwithstanding
the generally received
opinion,
that the Greek fire was the progenitor of its discovery;
or
that Bacon, or Schwartz, an obscure monk, has claims
to rlae invention.
The mode in which the use of gunpowder in war might have passed from China to Europe, is the
Zingis
Khan is
most probable and simple imaginable.
known to have conquered the Eve northern provinces of China, about the year I%% He must have known the common
use of gunpowder at that period, as it had been known in
Chiha IWO pezrs before. In the C’/zi?zcseamds
of the MOguk,
hv Yuen, as translated bv Pere Gaubil, it is particularly ~tatec!, that the use of cannon and mortars was familiar in
the wws and sieges of Zingis against the Chinese, both by
It is most probable,
them and him, in attack and defence.
that he used gunpowder in his wars against Mahomet, Sul-
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tan of Carisme, whose dominions extended from the Persian Gulf, to the borders of India and of Turkistan.
It
is known, that he had a body of Chinese engineers in his
army, who, of course, must have been acquainted with the
use of gunpowder,
The conquests of Zingis would thus have spread the
knowledge of gunpowder,
&c. over the western part of Asia;
and the Europeans, in their crusades, mav have had frequent
opportunities
of becoming acquainted w’ith it. It was just
after this time, that it became known, and was used in the
European wars.
Sir Francis Bacon (Jh~cxZ and Political
Essays,) observes,
that “ordnance was known in the city of Oxydraces, in India, and was that which the Macedonians
called ‘thunder,
lightning, and magic;’ and it is well known, that the use of
ordnance had been common in China above two thousand
years.”
Beckman, (History
of hventiom,
iii, p. Q%,) in his essay
on the origin of guns and gun-locks, has given, at some
length, the history of guns. All we can add here, is, that
the first portable fire-arms were discharged by means of a
match; which, in the course of time, was fastened to a cock,
and afterwards
a Gre stone and steel plate were used. This
fire stone was not il flint, but a compact pyrites, or marcasite, (sulphuret
of iron), which was distinguished
by that
name. On each new improvement,
thr piece received a new
name; as, bkchse, haken G;iclm,
~~~-yuebuse, kc,
After explaining the origin of these names, he adds, that the large
pieces were conveyed on carriages, called Rarrr?LD;cchse,
but
soon after also canna, cannon.
Pistols are mention,:d
by
Beilay, in 15-l-4, in the time of Francis I; and under Iienry
The name
II, the German horsemen were called pistokers.
is derived
from Pistoia, in Tuscany; because they were
there first made. Muskets received their name from the
Latin nmschetus, which signifies a male sparrow-hawk.
They
were first used at the seigc of Rhege, in the yc.ar 1~2 1.
They were known in France in the time of Francis I. Brantome, however, asserts, that they were first introduced
by
the Duke of Alva, in 1567, and used in the Netherlrrnds.
He also says, that they were made general in France by M,
de Strozzi, under Charles XI.
The lock was invented in
Germany, in the city of Nuremberg,
in 1517; it is uncertain
whether it is the present lock. In the arsenal at Nanover,
--here are many ancient pieces. The oldest had on the bar-

rel, the figure of a hen with a musket 111its mouth; because
it is said they were made at Henneberg.
There are three species of cannon, the ,.qwt2, the Ilozoitzer,
and the met-tar. The gun is the longest piece of artillery,
employed at the present day: the cIlIverip2s, a’rngo?zs, Src. as
they were formerly
called, had calibers twice, and even
three times as long as those now used. Guns were originally called bombara’s, and were eight calibers in length.
The
term kieriers, from pierrs, a stone, were given to some guns,
because they were employed in throwing rough stones. The
carronades, derived
from the river Carron, in Scotland,
where they were originally made, is a short gun, with a bore
about eight diameters of the shot in length.
The howitzer
is a spccirs of mortar, but longer, and used to throw a hollow projectile,
called a howitz, which acts at first as a
1-ichochet ball. The mortar is the shortest species of cannon, and is used to throw bombs or shells. A stone mortar
Besides
is used in sieges, to throw stones upon an enemy.
these descriptions
of grins, there is another division, to
on Artillery,
vol. 1, p*
which General Lallemand (Treatise
20,) has given the ;:ame of demi-gzcns, under which he ranks
the /lnrquebus on a qwivel, the rampart
gun, and the repeating gun, or muskei, of the Americans.
Ne 0)L~se:‘ves, that the harquebus
nearly resembles the
an~tse~lt’ of *Marshal Saxe, has a barrel like that of a muskc+&, and carries a ball weighing half a pound or rnor::; tha:
the rampart gun, or wall piece, is a large musket, thnt was
anciently much used in the defence of fortresses, having a
barrel of 54 or 6 feet long, and a ball from 10 to 14 to the
pound; and that the repeating musket is a gun, consisting of
i’ barrels, ail of which discharges 32 rounds in succession,
making 2Si. in Al. With respect to this gun, the effect oi
which we have mitnesscd, not only in the discharge of thirty-two
rounds from a single gun, but the combined eilcct oi‘
seven or more barrels, the General observes, that the diameter of the bore is three-fourths
of an inch, and the weight
seventy pounds.
It is placed, like the rampart guns, upon a
wooden frame, and has a handle at the breech to point by.
As to its use, he adds..-it may be advantageously employ&
;n the defence of places at the moment of assault; it may be
useful in the field, to defend parts of a line of battle, or entrcnchments, with few troops, and yet astonish the enemy by
2 warm fire, when he ventures to approach.
Its discharge
does not last a minute.
It may be of great service in the
togs of ships of war,

.

IYe
The inventor is a Mr. Chambers, of Pennsylvania.
witnessed its effect, when the President of the tJnited States
visited the navy yard in Philadelphia,
where the inventor
manufactured
them; and also at Bush-hill, in the neighbourhood of that city. Having examined their construction, and
also the shot, it may be sufficient to remark, that the lead is
cylindricnl, one end being flat, and the other conical, aud of
such a size as to fit the caliber of the musket; that these
rounds are pierced with a hole in the ccntre, which is
charged with false composition; and, after a charge of POWde!, one of these cylinders is put in; then a chnrge, then a
cyhnder, bc. up to LZ. The lock is placed opposite the last
charge, so that when the first load is discharged, the fire
communicates successively iiz~o~~f1 tile cylinders.
A repeating gun has been invrtntcd by a gentleman of
New York. I have seen no description of it. The Marquis
of Worcester, ir. his Century of Inventions, in the 58th to
the 64th invention, hints at a similar contrivance;
as for instance, (Inven. 58th,) “How to make a pistol to discharge a
~lozen times with one loading, and without so much as one
.Q~‘w f:riming requisite, or to change it out of one hand into
the oilrer, or stop one’s horse.”
\Ve may add, that, in 1764, 13%.Bouillet and Sons presented, to the Acsdemj; of Sciences, at Paris, a musket of their
invention, which was lig;hter than tE:<:common kind, and had
the property of firing tGcntyWfc:ur times in succession, charging and priming itself by a single circular
movement of the
musket upon an axis, fixed for that purpose.
In the file of
the Fre~2ch Gazette, for 1786, article T,inl)ergT thcrc is an
;Iccount of an invention of the baron De Walskohl.
It is
the snmc, it would appear from the description, as the repeating musket, 4izm,g,
’
once charged, it will fire thirty-six
times in successirJ,:i, 1 he eaperimcnts made’ with it were
satisfactory.
many patents have been secured in this country, and ii;
~~n~l~u~tl and France, for improvement,;
on the musket and
i-i&; but, in order to accommodate short-sigh&
persons,
&I. Kegnicr’s invention appears to bc the first which consists in an @tic glass fixtd in the butt, enabling persons of
that description to shoot with accI:racy.
This invention is
given in the Jiur&
& la ZS’lanzhtii Ir” for ‘B$79, p. 1%.
In 1771, Moret, an armourer, announced 8 new constructed pistol, which would charge itself, kc. and in 1793, M.
G:tss prescnced to the military committee of France, a pistol
‘3f :I nes- ~onstr~~~tion, calculated to fire several 5all in SW-

The Journal
des Inventions
et .Decouv. i, p. 121,
of this invention, adds, that the means employed
depended entirely on the construction of the ball, which, instead of round, was a cylinder, pierced in its length.
This
small canal is filled with meal-powder,
and serves as the
This contrivance
match of communication to the charges.
is much the same as the one we have described.*
Mr. Misson (Travels
through
Gemzccny and Ittnly,) says,
that in the arsenal at Venice, there is an engine which will
light five hundred matches at once, and some very curious
arms of ancient make, among which is a small trunk, with
six little guns, which Carrara, the last lord of Padua, who
was famous for his inhumanity, sent as a present to a lady,
and was so contrived, that, upon opening of the trunk, the
guns all fired at once, and killed her!
With respect to the invention of the various incendiary
mac’nines, we may observe generally, (as we purpose to notice them in their respective places), that Greek fire was employed in different ways, and was considered a destructive
composition; that rain-fire, bombs, lances, matches, fire-balls
and carcasses, torches, powder sacks, petards, &c. were all
employed in more modern times for the same purpose; and,
lastly, that the fouzette
of the Asiatics, called Indian rockets,
the Congrcve rocket, the incendiary bomb of the French, and
the floating
rocket carcass, are embraced under the same
head, and are all used for similar purposes in war. These,
and other subjects, belonging to military fire-works, we purcIial)xrs,
pose to mention in this, and the followi:2g
cession.
speaking

Cartridges

are cases of paper, parchment,

or flannel, fitted

*In the Archives
des Decouvertes
et des Inventiones
Nouvelles,
are
several new inventions and improvements,
relative to fire arms, among
which are the following:
Kew fire arms, invented by l’auly, which are
3aid to carry a ball double the distance of ordinary muskets, and to possess other advantages; for a particular
account of which, the reader is
referred to the Bulletin de la SociCtE d’Encouragement,
No, 99; anothe:
kind, by lMM. Pauly and Prelat, which primes itself, &c. and goes oti
by percussion;
an improvement in guns by using platina bushing, die. by
Lepago, with the use of priming, composed of powder made?of chlorate oi
potassa in lieu of saltpetre; the improvement
of Kegaier in guns; improvement in the use of platina for guns, to be used with the oxymuriated
powder, hy Debourbet;
a gun which fires fourteen times in succession
without new loading, by M. Henri; an improved carabine, which is discharged by percuss&z. by M. Goss& &c.

to the caliber of the piece, and holding exactly its proper
charge.
Strong paper is always used for musket and pistol
cartridges, and the French musket-ball cartridges are capped
with flannel or coarse cotton. For heavy guns, they are made
of thick, and as the Engiish call it, of cured paper, with flannel bottoms.
Those for field ordnance are all made of flannel, and their size suited to the bore, or chamber of pieces,
for which they are intended.
The ball cartridges, for wall
pieces, muskets, carbines, and pistols, are made of whitishk)rown paper, on formers of wood.
A sheet of paper will
make six for wall pieces, twelve for muskets, sixteen for carbines, and twenty-four
for pistols. The quantity of powder
they contain respectively
is, for wall pieces ten drachms,
musket six, carbine four, and pistol three drachms.
Blank cartridges, for pistols, carbines, and muskets, are
made of blue paper, to preserve a distinction
between ball
and blank, and to prevent the possibility of accidents, from
the ball cartridges being mixed with the blank.
The charge for muskets is commonly half the weight of
the ball. The balls for musketry me eighteen to the pound;
and one pound of powder is sufficient for thirty-six
cartridges.* Forty cartridges may be used to the pound, but forty* Since 1792, m~:skc:-bails
are seven-twelfths of an inch in diameter,
and tweilty go to the pound instead of eighteenIn the British service,
eleven bullets to the pound are used for the proof of muskets, and fourteen
in the pound, or twenty-nine
in two hounds, for se\ vice; seventeen for the
proof of carbines, and twenty for se&ice ,* anti twenty-eight
in the pound.
for the proof of pistols, and thirty four for service.
‘I’he diameter of musket-bullets
differs but one-fiftieth part from that of the m;lsket bore; for if
the shot but just rolls into the barrel, it is sufficient.
The diameter of any bullet is found, by dividing 1.6706 by the cube%
root of the number, which shows how many of them make a Pouud* or it
maj be done in a shorter way.
From the logarithm .2228756 of 1.6706,
subtract
continually
the third part of the lo~anthm
of the number ot
bullets in the pound, and the difference
will be the logarithm of the
diameter required.
Thus the diameter of a builet, whereof twelve weigh
a pound, is found by subtracting
.359727O. a third Fart of the logarithm
of 12, from the given logarithm
.22%756;
or’, when the logarithm
is less than the former, a unit must be added, so as to have 1.2228756,
and the difference .8631486 will be the logarithm ot’ the diameter sought,
which is .7297 inches; observing that the number found will always be a
decimal, when the logarithm,
which is to be subtracted is greater than
that of the pound; because the divisor is greater than the dividend in this
case.
Hence, from the specific gravity of lead, the diameter of any bullet may
be found from its given weight: for, since a cube foot weighs 11325 ounces,
and 678 is to 255, as the cube 1728 of a foot, or 12 inches, is the content
A the sphere; which therefore is, 5929. 7 is to 16 ounces, or a polmd, a~ the

464

Genera8 Obsemntions,

[PT.

1V.

CH,

1,

five would be too weak. ‘The paper, necessary to form carIt is made
tridges, should be well sized and not too thick.
for the purpose, under the name of cartridge paper, and
should be of such a size as to cut to advantage. It is usually
A sheet
fourteen inches in length, and sixteen in ilreadth.
will form twelve cartridges, but on account of wastage, it
makes only ten. Half a sheet is ernplo\,ed as a wrapper fol
every ten cartridges, and one and a half sheet:; arc used for
ten and their wrapper, Six quires will make IOOO cartridges,
Five ounces of packthreatl arc nt’ccsand 31 reams, 100,000.
sary for binding 1000 cartridges, and 31 HIS. for lW,OWi.
Musket cartridges are made in the follovviu~; mfrllit: .
Long tables are provided, and, at certain distances, CX( :~r’ations, or holes are made, larger than the diameter of the
ball, and one-third of its diameter in depth.. ‘These holes arc
designed for rounding the folds upon the ball. It is necessary first to be provided with fo1.nlei.c; to roll the cartridges
upon, and measures to fill them with.
These former5 are
made of hard and dry wood, seven inches, or seven ancl a
half inches in length, and six-tenths of an inch in diameter,
one-twelfth
of an inch less than the diameter of the caliber.
One end is rounded 50 as not to hurt the hand; the other is
hollow, to reccivt one-third of the ball. The measures arc
in the form of the frustrutn of a cone, open above. They ar!
madr of sheet-tin, and should contain one-fortieth
p?rt of z
pound of powder, (one-forty-ninth
according tcl :I-.,: SKIaeburgh directions),
or, when heaped? one- thirt;,-+is~h 11art c,i
a pound.
The height of these mcasurcs is tine inch and :t
quarter; their diameter at the hrrge r,nd one Inch and onetwelfth, and at the smaller end, three-quarters
of an inch. In
every squad of ten men, six art: employed to roll the cartridgcs, two to fill them, and two to pack them. E:ich sq~ci
may make 10,000, but commonly 8,000, in a day.
To cut the paper for musket cartridges, WC begin by i‘olding the sheet in three parts widthwise;
then each third part
into two, again into three, and again into two, by a diagonal
line which takes from 2.2 inches of a superior angle on the
left, to 2.2 of the ~ppos i t e inferior angle at the right; so that
every sheet of paper will cut, without loss, into twelve parts,
and every part will he 5.68 inches in height, 4.53 in width
at one end, and 2.2 at the other end. According to Bigot,
cube 17% is to the cube of the diameter of a sphere which weighs a pound;
which cube therefore is 4.66263, and its root 1.6706 inches, the diameler
sought,

Ilowever,

each trapezoid thus formed is 5 1-3 inches in length,
at one end, and ‘L l-4 at the other end. The
paper is cut by a person detailecl for the purpose.
The person who rolls the cartridges, having spread the
cut paper upon a table, takes the form with one hand, and
the ball in the other, which he puts into the hollow of the
form; after which, he rolls the paper round the ball and the
form, so that there remains sufficicxxt beyond the ball, to fold
over in small folds; then he rolls tile form surrounded with
the paper, and having rounded the foltls upon the ball, in a
small hole made fi)r that purpose in the table, he withdraws
the form, and passes the cartridge to the man who is to fill
it. He puts in the charge wirh a small tin nteasure, folds the
:Taper over upon the powder as close as possible, axxd passes
It on to him who is to make the packages. ‘The packer takes
ten in his band, and arranges then1 on a sheet of paper folded
in two, the balls h:tlf on one side and half cn the other; and
having wrapped them in the paper, he ftolds over the two
ends, and ties the packets crosswise over the middle, axxd
lengthwise.
Musket cartridges cannot be too tightly rolled upon the
form; and to ascertain their accuracy, they must be c&&red
before thaay 3x-t’ loaded; that is, they must be put into the
end of a musket.
He who fills them, should make a charge
4 1-4 in width

complete

iti

c\-ei’y

cart1

id&,

zl::d

ncit

kXd

One

more

than

aXlO-

ther, but always pour a full xne”r?s~~rcinlo every one. The
L.packer should tie the cartridges, and round them as much
ZYSpossible, without tearing the paper. lie shouhl take care
that all the packets are of the same length; so that they may
be placed in the partitions of the ammunition
chest, which
are a11of ant‘ dcterminetl length, and will not therefore con-.
tain them, if made too long.
Cannon cartouches should be well arranged in the ammunition chests, and well stowed with tow, that they may be
{Tarried without danger of injury from the road.
The tow
2s pre~cd down in small quantities, by a little wooden spatula, anti cannot be pressed too hard; for the more the chests
:‘rre stuffed with tow, the better the ammunition will be preserved.
Musket cartridges are placed in the ammunition chests in
JXerent arrangements, the height of which is propcrtioned
ho that of the cartridge.
There are three stories in height in
each chest, for musket cartridges; and betn een each a small
separation, to prevent them from injuring each other.
The
number of cartridges contained in an ammunition wagon in
3 0
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proportioned
to the kind of wagon in use, and to the quantity necessary for the service. The common load of ammunition wagons does not exceed thirteen hundred weight, if it
is meant to take the benefit of forced marches. In every ammunition wagon for cannon cartouches, there are cartouches
with ball, grape-shot, quick-match,
and port-fires, staffs for
port-fires, priming wires and match-rope-so
that every, wagon contains all kinds of ammunition
relative to its caliber.
In an ammunition wagon filled with musket cartridges, a certain number of flints are contained, to be distributed to the
troops
from the same chest whence they receive their ammunition.
We might here speak of the load of every ammunition
wagon; but this subject more particularly
belougs to artillery
and its suite, than to fire-works,
Cartridges, used in sieges, &c. are made of paper bags, of
the calibers of the different pieces, and of a sufficient length
to contain the requisite quantity of powder. The paper should
be large and strong.
The handle of each of the formers should have such a
length and size, as to render them convenient to hold in the
hand. Care must be taken to pierce a small hole in the middle, through the whole length of the form, by which the air
might enter to the cartouches, and cause the form to be
more easily drawn out, after the cartridge is made.
Pasted cartridges are formed in the usual manner upon
a
former; and when five-sixths of the paper are rolled, the remaining portion is pasted with a paste made of flour and
glue, mixed together. The bottom is pasted over in the same
manner.
When the cartridge is drawn off the former, it is
placed to dry in the sun, or near a stove.
With regard to the cost of cartridges in France, it appears, rhat a pound of packthread costs twelve sous, and
workmen receive from fifteen to twenty sous per thousand
for their labour.
The whole expense of 100,000 would be,
for paper, 105 livres; for packthread, 18 livres, 15 SOUS; for
making 100 livres; total W3 livres, 15 SOW. Bigot has furnished us with the following estimate:
For 31 reams of paper, at 4 fr. 50 c. the
w
e 140 fr. 60 cI
ream, is
For 31 l-4lbs. of packthread at 80 centimes, 24
Labour, I fr. per thousand,
100
Five days work, for the cutter,
5
Total.

---2G9 fr, GO c-
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One hundred thousand cartridges,
:i calculation, require also
Bullets of &ad,
Powder,
-
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for which the above is

S
.

‘-

-

5556 lbs<
2500 Ibs.

The ga~~ouss~ of the French, in artillery, is a sack or bag
of paper, or par-chmcnt, destinedt to enclose the load of a
cannon. When it is m:itlc OF serge, it is then called a pouch,
@?c/Lc.t); and, when u;lired with the ball, it receives the
name of ball-cartridge.
Bigot remarks, that these cartridges have been substituted
for the dangerous and unsafe use of the spoon, or ladle,
(hternes,
k’r.e), by means of which the load was carried to
the bottom of the piece. They are paper bags or sacks, of
the caliber of the gun. The loading is much more especlitious, and less danger is to be apprehended.
It requires
only, that the piece should be well sponged, and the priminy to communicate with the load.
For the construc:ir,:> c;f :!?~?e cas::s, coarse gray paper, and
sufficiently strong, i:, ue~d; SC:] thev should be well pasted.
The paper, which i,; IL‘ -1 s. :;!I ad&ntaze,
and commonly
employed, is 23 inches 1;: ir,.,‘~dl, and 28 inches in breadth.
It serves for all calibers, and cvt’n proof charges, which are
stronger than the ordinary loads. ‘l’he paper is cut of such a
size as to leave from li inches, to 14 inches, on the roller, and
a sufficiency to cover the lower extremity.
One of the sides,
The paper is
as well as the side which is cut, is pasted.
rolled upon the former, or roller, and is straightened,
so
that the hand may be passed over the pasted part, and the
paper tightened.
The bottom of the bag is placed upon the
roller, and, in folding it, the bag is tied above that part of
the paper, which is pasted. The bag is then dried, by
placing it on one end upon a table, and exposing it to the
air,
The rollers should be bored in their axis, so that, in drawing them out, they may come out easy, and without injuring
the bag. This hole admits the external air, and prevents thr
* A term used in the French Navy, to signify a wooden case or box, KG
which cartridges are brought out of the powder-magazine
for the purpose:
of serving the guns; a!so a spoon. or ladle, made ofcopper, and fined to O.
long pcle, ~vhich serves to convey gunpowder
in to a piece uf ordx:aoce.

formation of a vacuum in a degree, when the roller is sudThe bottorils (culots,) are cut of the same
denlv withdrawn.
The paste is made of flour and glue*
diameter as the roller.
The table given bv Bigot, p. 28, relative to the dimensions of sacks or cartridges, for cannon, embraces the following particulars:
‘The diameter of the former, or roller for a
24 pr. is 5: inches; for a 16, 44; for a 12, 4; for an 8, 32;
for a 6, 3:; and for a four pounder 2% of an inch: the circumference of the cartridge for a 24 pr. is 17% inches; for a
16, ls&ths;
for a 12, i3,f: for an 8, 12:;; for a 6, 6+; for a
The height of the roller for a 24 pr. is 18
4, +ds inches.
inches; for a 16, 15; for a lzZ,l4;
for an 8, 13; for a 6, l&j,
and for a 4, 12. The height of the paper, including the circumfe~-ence, for a 34 pr. is 17; inches; for a 16,14; for a 12,14;
for ~1 8, I 1; for a $10;; for a 4,lO. The height, which covers
the cartridge, is for a 24 pr. 1 /C inches; for a 16, 1 &; for a.
22, l&; for an 8, f+; for a 6, +i; and for a 4, ,IYz. ‘rile hot-.
tom (czllgt,) for a 24 pr. is Ii”,th inches; for a :G, 1; for a
12, ;;; for an 8, $-ds; for a 6, ,1; and i-or a 4, + inch. The
height of the charge for a 2-l pr. is I 1i ; for a 16,~:; for a 12,
8;; for an 8, 7+; for a 6, 6,“,; and for a 4, G,$hs inches.
The height of the paper, for the charges of exercise, is for a
24 pr. 10 inches; for a 16, 9; for a 12, 8; for an 8, 7; for a
6, 6;; ar?d for a 4, 6 inches.
In the table of the proportions
of the charge, for different
:-ali!:ers, given by Ruggieri,
(l-‘yrotechnie
Jlili?&re,
p. 197,)
besides the weight of the ball, and the height oi the sack, the
weight of the charge is given in pounds, and ounces, which?
is thus stated by him: for 3 4 p. 1 lb. 8 oz; an 8 pr. 2 lbs.
8 oz; a 12 pr. 4 lbs. 8 oz; a 16 pr. 5 Ibs; and a 24 pr. 8 lbs,
Cunnon Cm-ioucllcs
are composed of a bag of serge, and a
.ahoe or base? in which the ball was fixed by means of a tin
t‘ross, nailed to the shoe or base. The bag should be as large
*IS the shoe, ant1 long enough to contain the requisite quantity of powder.
The shoe is a little less in diameter than
the ball, so that the tin and the bag put upon it, do not ins
crease its size beyond that of the ball. The shoe is flat on
one side, and hollow on the other. The hollow part should be
;I spherical concavity, about one-third of the diameter of the
ball. At a small distance from the bottom of the shoe, a
gr<:or-e j 5 7x1&
suficiently deep to contain the packthread,
with which it is fastened to the bag.
In the construction of cannon cartouches, the ball must
lirst be fisetl to the base by means of two tin bands in the
hrm of a cross, and nailed with two small nails at the botr-

tom and sid& of the
twelve pounders, are
width, and 1.5 inches
ers, are .ZSS c!ecimal
inches

base. These bands for sixteen and
at least A$ decimal parts of an inch in
long. ‘fhose for eight and four poundparts of an inch in width, and 11.72

in length.

The ball being fixed on this base, it is put into a bag filled
with powder, and the bag tied above to the base. Then a
bit of parchment soaked in water, of from two to four inches
3n width, and of sufficient length to go round the cartouch,
IS placed ro und the bag, half on the shoe and half on the
powder.
Then tie it with a string passing in the groove, a~
about .27 parts of an inch below the base; so that the car,touch is tied in three different places-the
two first above in
the groove of the shoe, serves to hold the bag and it strongly
together; the third below, is to prevent the powder from
rising and slipping between the bag and the shoe. The
band is placed on the part where the greatest friction
is, tc
preserve the bag from being torn.
The cartouch thus made, is to be calibered by trying i:
xith the piece for which it is intended, into which it musi
enter with ease. This cannot be too strongly recommend&
It is of all things the most essential, and the only way of ascertaining the goodness of ammunition.
A workshop oi‘twr l\;e workmen is divided into four classes,
The first class consists of two men who put the ball into the
shoe; the second of two others who fill the bag with powder;
the third, two others who press the powder into the bag;
and the remaining six are employed in tying the bags to the
shoes, two to each.
These twelve workmen can, in one day of twelve hours.,
make two hundred and forty cartouches, of sixteen or twelve
pounders, or 320 of eight or four pounders.
Table

r.elatioe

to the Cartouch,

or Pouch.

-I___-_

For
Ii
--II---EIcight,without
Inches. Inches,
the folds.
11
Circumference
without the folds. 12:,
lop,
/
Diameter
of
the b:~cc, without
the
folds.
4
-------am--_Q..
s-F&..+----_

9%

s;

2,92
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To make grape shot, we must have a bag of ticking, in
which the small balls are arranged; also a shoe, to which not
*>nly the bag which contains the ball is attached, but also the
3erge filled with powder.
The shoe is made of the same wood with the ball cartridges, and of the following dimensions, viz. The sixteen
pounder should have 8.97 inches diameter; the twelve poundlers,4.55;
the eight pounders, 3.82; and the four pounders,s.l
inches diameter.
Those of the caliber of sixteen and twelve,
should be 1.6 inches in thickness, with a groove in the middle
of ~4 parts of an inch in depth, and the same in width; the
eight and four pounders have but 1.07 inch in thickness, witli
a groove in the middle of .36 parts of an inch in depth arrc:
width.
Every shoe or base, has a pin in its centre, the sizt:
of which is ih proportion
to the vacancy left by the small
halls of iron arranged about it. The height is in proportior
to the different layers of ball.-ln
general thirty-six balls art:
put into one grape shot, of whatever caliber it be; that is to
say, six heights of six each.
The balls should be proportioned to the caliber, so that the six balls on the base should
exactly fill the circumkrewe
of it. The pin in the middle of
the base is exactly the size of the ball and seven times its
diameter in height.
_%t the top of the pin a groove is made
to tie the threads, the width of which is one-third,
and the
depth, orle-fourth of its diaineter.
Oc bag in which the small balls are arranged, layer upon
i;l)-et-, should be of good strong ticking closel;; woven. It is of
the size of the shot, and 2.13 inches ~II length drove the top of
the pin. It is strongly fastened at the bottom in the groove of
the base with strong pack-thread. There must be 3: fathom
of strong pack-thread trebled, to tic the grape of the caliber
of sixteen and twelve pounders, and three fathom only for
rjnc at’ eight and four.
Grape
shot may be corded in the same manner as the
car-case is corded; with this difference, instead of eight turns,
taking only six. The best and strongest method of tying
the thread in grape-shot, is in the net-work form-one
per4on holding, and another tying it.
In a work-shop where ten men are employed, eight are em=
ployed to wind the thread round, and two to attach the bag
to the !)ase or shoe, or to arrange the small balls on the shoe,
yound the pin. Such a work-shop, in a day of ten hours, can
complete 120 grape-shot of the largest caliber, and as manv
~4~1
160 of eight or four pounders might be made.
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The grape shot composed of S6 iron balls, weigh,
out their charge of powder, as follows:
lb.
For a caliber of 16
21
7..
For
do. of 12
16
For
do. of 8
10
m
6
For
do. of 4

with.
oz.
10
3.;
12;
3Tf

The diameters of the small balls for grape shot, of which
six exactly fill the circumference,
are as follow I:
For 16 pounders, 1.66 inch.
For 8 pounders, i .r31 inch.
For 12
do.
1.5
do.
For 4
do.
0.15 do.
Illi

Bigot

has given
the
touches,
-.____l_l

following
am-2 their
-

Table
3alls.

Calibers.
12
8
6
-----I-L
Charge of pow- lbs. oz. lbs. oz. lbs. oz.
der.
402+201;
Weight of the
cartouch
and
ball.
16 11 11
2
8%
Height of the
charge of pow- Inches. Inches. Inches.
8 1”;2- 6&
der.
6,3,
Total
height
lO&
of the cartouch.
134
11s
--

CHAPTER

relative
4

-lbs.

OZ.

to

Car-

LightTroops
--V.lbs.
oz.
0

5

12

17

2

“i

Inches.

Inches.

6&

5;s

9:;

. L
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OF MATCHES.
Matches, in artillery,
are a kind of rope made of Aax,
hemp, or cotton slightly twisted, and prepared to retain fire
for the use of artillery, mines, fire-works, &c. Bigot, (T’aitk
SartiJice
de Guerre, p. 64,) has considered this subject under
three heads; namely, of match-rope, priming fuses or tubes,
and quick-match.
We purpose, therefore,
in the following
sections, to treat the subject in this order.
Sec. I. Of Slow Mutch.
Slow-match
may be prepared
by different
processes0
When hemp or tow is spun on the wheel like cord, but very

slack, and made into three twists and then covered with tow,
SOthat the twists do not appear, and then boiled in the lees of
old wine, a slow-match
will be formed which burns Veragradually; but slow-match
is commonly made after the fol.V
lowing method: The rope for this match is made of flax, or
of soft well-beaten hemp, thoroughly
cleansed from the harder fibres, and the strands are loosely spun. Three straudz
are sufficient, which should not, when formed into rope?
exceed one inch and two-thirds in thickness.
it :Tltould not
be shortened in twisting more than one-fifth, or one-fourth
at most, in order to be firm without being hard.
The ley or lixivium in xvhich the rope is soaked, is composed of wood ashes and quick lime; and every huntired
pounds of match require
fifty pounds of the fornir.1, and
twenty-five
pounds of the latter. They arc 1:~,ilttr for fifteen
hours-and are taken out of the tub, piled in heaps and covered with tow, in which situation they are left to fermentSome recommend, in order to improve them, immersing then-i
two or three times in a nitrous solution, compos~*d of four
pounds of saltpetre in a sufficient quantity of water, to every
one hundred pounds of match.
The match is afterwards polished by rubbing it along a
hair rope, which retnoves all extraneous
fibres that would
spread fire too rapidly.
Twisting the rope strongly beforc
it is polished, is said to be a good plan.
alatches are finally dried in the suu, and rolled inccl
pieces of twenty yards each, (weighing about two a;icl a hal:
pounds); then made up into barrels or ~KIXCS,each of whici!
contains about twentv of these llicces.
hlatch of a good
at the rate of five inches per hour-,
quality burns uniforn;l)
and its coal terminsti-s in a point that resists pressure,
JlCiatch rope may be fornled by boiling the rope in water,
containing three pounds of wood ashes, one pound of quicklime, two pounds of the liquor of horse-dung,
and one
pound of saltpetrc.
In the small work, calied The Honz6cwdier
and Pocket
Gzlnner, there are three formula given for slow-match:
‘rhe
first consists in soaking light twisted rope in strong ley for
The second or
three days. It burns three feet in six hours.
No. 2, as made at Gibraltar, by immersing blue paper in a
The
solution of eight ounces of nit& in a gallon of water.
No. 3, hy soaking rope in a solution of three-fourths
of an
ounce of sugar of lead in a pint of rain-water, using a large3
quantity in the same proportion, according to the rope.
The use of the acetate or sugar of lead for the formatisik

was recommended
by a French officer in
of match-rope,
1782; and since that time has been used in France both with
and without saltpetre.
The tinder-wood,
if soakecl alternately in solutions of saltpetre and sugar of lead, will form a very
good match.
M. Rothele t (Archives
des Llecouv~~rte,
v, p. 539) has given some new observations on the use of acetate of lead for
the preparation of combustible match-1 ape. Ke mentions the
use of liquid acetate of lead, which may either 1~ a solution
of the oxidr of lead in distilled vinegar, or a solution of sugar of lead in water.
Rope, he adds, may be made vc’r:v inflammable, by soaking it \v~ll ir? the liquid acetate, and drying it thoroughly.
Set also the Bulletin
de Phamacir,
Sep.tember, 1812.
Matches may be made very expeditiously
by employing
sugar of lead in the following
manner:
Put a quantity of
rain or river water in a kettle over the fire, and when it
boils, throw in sugar of lead in the proportion of three-fourths
of an ounce to a pound of water. Remove the kettle wi:en
the sugar of lead is all dissolved, and immerse the cord or
rope in the solution for ten minutes, and then take it out :~nd
dry it in t112 air,
If cold water is used, the rope must rem&n iongcr in the solution.
Rope of every description,
old or new, or that matit: of the linden bark, and damaged
match, mtiy be submitted
to the same process, previously
boiling them in common water to remove their old coating.
One pound of solution is required for each pound of cord.*
Ruggeri
(Pyrotechnic
Mlitaire,
p- 165,) has a similar
process. The sdt of saturn there recommended, is the same
as sugar of lead.
When matches have been made by contract, we may determine their quality by examining their interior, to see if they
are not mixed with old matches, or pieces of dirty hemp.
They should be sufficiently
closed without being either too
hard or too loose. The lixivium should penetrate to their
centre. the difference of colour will indicate the contrary,
They &ould be well dried and partake neither of mould nor
rottenness, which are easily ascertained by the colour and
smell. ‘JYo be good, the match when lighted should preserve the fire, and burn unifurmly without interruption
in
i: If sugar of lead cannot he had, 2nd 2 substitute
is required which in
fact 1s t11e yarne, we may dissolve white lead in vrnvgar, until the batter is
saturated. This may be uted with water iu the S~~ILC
manner, using, bowe
ver, more of it as it is iu srJutioa,
al?

moist weather, so that a piece of five inches in length shall
last at least one hour.
In 1808, there appeared in our papers an article on the
subject of artillery
UZ~S, of which the following is a copy,
We re-published
it in the Aurora, of Philadelphia,
in the
same year, with comments.
Instead of the acetate, nitrate
of lead is used.
M. Cadet, of Paris, has invented artillery rods to supersede the matches in common use. They may be made of
birch, elm, poplar, or of the linden tree. They are saturated with nitrate of lead and und&go two ebullitions in spirit
of turpentine.
They then burn very well and are not extinguished bv the air. A mctre of each will last an hour and a half,
Genwhile the common matches burn only seven minutes,
eral Gassendi has made a calculation,
which proves, that
matches, which now cost the French government
twentythousand livres, will not cost more than fifteeu hundred, if
made on M. C’s new principle.
One pound of rope-match,
such as is used in the military
hours, and raacademy of Segovia, lasts nearly thirty-five
In that state it is generally
ther more provided it be damp.
surcharged with from sis to seven per cent. of moisture.
In
short it would be better to dry the rods in an oven, before
they are saturated with the nitrate as well as afterwards.
The following table shows the difference of duration between
the tnatches made of rope and the new invented rods; and
the quantity of nitrate, each wood absorbs per quintal, is
specified in the last column.
WOO&.

Cord-match
Linden,
Pine,
o
Cedar,
Elm,
.
Oak, .
Green oak,
Walnut,
Poplar,
I
M~illow,

Durat.per
25 Zbs. ibs. French
.
850
4
10
.
. 2400
240
42
.
.
2400
4<2
- * * a e * 2430
19
* 2200
18
18
1400
.
- .
,
.
. 1400
7
37
.
,
.
1400
.
.
0 2400
30

3
n
*
l

l

.
.

l

Hence we find that the poplar, pint, cedar and willow, exelude themselves when compared with the linden tree; since
they absorb three or four times more nitrate than the latter.
without burning longer.

The linden unites the advantages
of economy
and duraiion, since it absorbs only a tenth of its weight.
The common oak, elm, walnut and green oak, occupy but the second
rank.
V%‘e may remark
also, that the hardest
woods are not
of the greatest duration;
for a rod made of green oak, which
is much harder than the common
oak, supports
combustion
only eight hours, while the 1attr.r will burn for twelve hoursa kilggramme
of nitrate
of lead
will saturate
forty-five
metres of elm, seventeen
of birch; twenty-one
of poplar,
and
twelve of the linden
tree.
The woods were cut in parallelopepids,
and boiled in a fish-pan.
MM.
Carnot,
(;uj.ton
lMorveau,
and Deyeux,
were appointed
to examine
this
invention,
who reported
favorably.
An extract of their report
may be seen in the Archives
des
Ilecouvcrtes,
v, p. 240.
Born also recommends
for the same purpose,
nitrate
of
lead, an used in the same manner.
Proust,
it alJpearS,
repeated t1 e experiments
of Born,
and came to the same conelusion; -that
it was an expeditious,
and, on a large scale, an
economical
process for making
matches.
Proust,
however,
used hazlc
wood.
He observes
that the solution
must be
strong;
that
when cold it requires
three days immersion
in
the fluid, and when boiling,
only one and a half hours.
He
also found that nitrate
of copper may be substituted
for either
the acetate or nitrate
of lead.

Haif

Priming
tubes,
(fus6es d’amorce)
serve to csmm!;~;icate
They were formerip
mad<*
Gre to the powder
in a cannon.
of tin, but in consequence
of the inconvenience
of rusting
they were laid aside.
James
(Military
ilic~tzonar~~,
p. 416)
remarks,
that, owing to this defect in the tin, a colonel
Harding had invented
a pewter tube in lieu of tin tubes.
Tubes
are used in quick firing.
When made of tin their diameter
is two-tenths
of an inch, being just sufficient
to enter into the
vent of the piece. They are about six inches long.
Through
this tube is drawn a quick-match,
the cap being primed
with
To prevent
meal powder
moistened
with
spirits of wine.
the mealed
powder from falling
out by carriage,
a cap of pa;,er or flannel, steeped in spirits
of
wine, is tied over it.
‘1’11ey are composed of two distinct parts, the cravat which
c:oritains
the priming,
and the tube that enters
into
the
touch
hole.
Small pieces of well dried reeds or of quills,
a
little less than the size of the vent of the piece, are preferred-

They are made thus. The reeds are cut into pieces three
inches in lecgth,
square
at one end and diagonally
at the
other,
and are passed through
a caliber
two and one-third
lines in diameter,
(the diameter
c,f the vent being two and
one-fourth
lines;)
t!lcy are then rubbed clean in the inside by
passing a small file several times through
them, that removes
the inner skin.
Having
prepared
thv ~-reds, they are filled,
and disc) quills,
or other cases, wit11 the composition
hereafter mentioned,
made
sufficiently
thin
to enter them.
This
may be done with the most facility
by placing
the casts side
by side, with the square end up, in a tin or wooden box five
inches deep; the composition
1s put into this, and made to
descend into the cases, by knocking
the box on the table.
When
they are full, they are taken out of the box,
wiped
clean , 2nd Lid to dry in the sun or in a wartn room; before
the composition
is entirely
dry, a knitting
needle
is passed
from dne end to the other,
in order that the fire may reach
the bore of the piece tnore rapidIS’.
‘9‘1-1~ match of communication (rtoupille)
is then fixc:l.
‘I’ili:;
is d9ne by cuttin&: a
notch
on each side of the reed, near the end that is cut
square,
to which two strands
of a match,
two and a half
inches long, are tied with ~1 fibre of hemp.
The tubes arc tied up in packets of ten each, to facilitate
ih~ir distrii~ution
in service.
‘1’1:~ weds, or other cases, may also be filled in the follow1‘I I:’ ‘ri-.: TJ
‘Take twine
made of the strands of cotton
. , u’z:
.
thr <d, and cut into pieces ten inches long; fold each of these
ints) iwo lengths,
and pass them through
the reed from one
en<1 CO the pthG;r bv mca;ls of a loolj of very fine thread.
The
tWc
inches are covered
kviti: some of the composition
made
:hlck*

Parts of,
Usual composition,
Verv quick,
Partic;ulx
cornsition,
‘I’hr

f%kal-j%zuder,
12

x

4
(1
0

Saltpetre,

Xulphur,

8
1
13
4

2
0
3h
1
‘2

Chnrcoai,
i3
0
44
%

cc,mp:)sition
is to be moistcnetl
with a solution
of
3r. in brandy.
To every pint add one ounce of
gUiil
arah:c.
. ,tL half‘ an ounce of camphor.
Gum
\yatea*
xetards the cc:anbustlon
of the match.
camphor,

Fifteen
pounds cf this
composition
will make ten thousand tubes.
M.
Cadet, (Arc*/zzves
des Dccozmertes,i,
p. 4#12) has connected
with the match a preparaticn
of chlorate
of potassa, which is
inflamed
by sulphuric
acid.
tI;e have already spoken of the use of chlorate,
formerly
called hyper-oxymuriate,
of potassa,
in this way.
See chlorate of yotussa.
Is%. Cadet’s
invention
is as follows:
In a glass tube or tube
of elder, is enclosed
a matc!l
covered
oith
n mixture
of
above which is iised a small
chlorate
of potassa and sulphur;
glass bulb containing
sulphuric
acid.
‘This bulb has a small
stem of glass similar to that of the candle cracker, to stick it by
‘l‘his
match is placed above the vent
into tiii: composition.
or touch hole,
and retained
there by a socket
of lead.
A
-c attached,
is fixed to the
spring, to which a small hammer
I4
gun, and is extended
and kept in that position
by a hook or
bolt.
When
this is pushed,
the spring is unhooked,
and by
recovering
itself
gives
a blow
with
the hammer
which
hrraks the glass ball, and the acid falls directly
on the cot-nposition.
‘I‘his is then inflamed
and the fire is communicafe<i i!t tllcz itildtcl:,
;~IIJ from the match to the gunpowdtr.
A
:.,1il;t11
[iirl.ljc,ii
0t
su;;;~r mixed
with the chlorate
of potassa and ~LII~IIIIY~
will
c 11surt’ thr: cornp0sition
to inflame
with more certainr).;
:\!~huugh
AI. Cztlet mrnt;c,ns
only the
hyper-oxymuriate
and sulphu~~.
If 5ome oi‘ this composition,
after the priming
fuse is chargetl,
be ~:uc in the cup of the
fuse, a drop of sulphtiric
acid will inflame
tile fllW,

‘I he etoupillc
of’ the French
is the same as quick match,
which is used to communicate
fire in particular
in military
\Ve haee noticed
works, to priming
tubes and other fusr.s.
in a former
article the preparaticin
of the matches
ofcommunic:ttioll
used in Fire-works,
and the mode of forming
leaders lor the purpose of conveying
fire to the (iii&rent
parts of
It will be sufficient;
therefore,
to
a fixed or moveable
piece.
notice the preparation
of what is usually
callrd
quick match.
I hese matches
are made, according
to Bigot,
of five strands
of fine cotton thread, soaked twenty-four
hours in strong vin‘They are then
put, for
egar,
anti some times
in brantly.
twelve
hours at least, ill a liquid
paste, made of meal gungum arabic and camphor
are
powder,
and spirits,
in which

&n3
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dissolved, in proportions
to be given hereafter.
To make
them imbibe this completely, they are pressed with a pallet
knife.
They are then taken out and drawn gently between
the fingers to discharge the excess, spread upon a table, and
The match is
when half dry dusted with meal-powder.
rolled by hand to make it round, hung upon a frame, furnished with pins, to dry, and afterwards
cut into lengths of
two
and a half feet and tied up in bundles.
IXateriais

necessary

to ma&e ten thousand

Priming

ides.

Cotton thread,
e
9
5 lbs.
Meal-powder,
.
.
S 5 quarts.
VintAgar,
e
.
.
3 -Brand:-, or other spirits,
r; cu11ces.
Gum arabic
.
.
Camphor,
14 -I
When matches are. required to cimmunicate
fire slowly _
id
sulphur and beeswax, or rosin are added to meal-powder,
proportion to the degree of slowness required.
The cotton,
in this case, must have been soaked in water instead of
spirits.
1 lb, 12 ounces.
Cotton,
O
P
Saltprtre:
a
_
.
1 8 -2 quarts.
Sl?irits of wine,
.
:
.
ti’ater,
.
.
e
2 -I
3 gills.
I&glass,
.
.
.
IO Zbs.
Meal-powder,
‘i’he cotton is then taken out-and Lid in a trough, where
moistened with alcohol, is thoroughly
some meal-powder,
svrought into it. This done, the cotton, being in strands, is
tnken out separately, and drawn through meal-powder
and
flung upon a line to dry.
If worsted in the place of cotton is employed, the proportions then are,
10 ounces.
M’orsted,
.
.
m
Meal-powder,
.
.
e 10 pounds,
3 pints,
Alcohol, (spirits of wine,)
.
3-Vinegar, (white wine,)
Pn the preparation of quick mitch, the following
method
is sometimes
pursued; viz. soak the cotton well in a hot soiution of saltpetre; then remove
it and lay it in a trough
Gth some mealed powder, moistened with spirits of wine.
which is to be worked in by the hand. It is afterwards
drawn through meal-powder-,-and
dried upon a line or rce?
l

*
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PORT

III.
FIRES.

Port fires (kances h feu> are a species of fuse of 8 slow composition,
designed
for different
purposes,
and particularly
for
guns, when rhey are to fire rapidly.
The paper, is first rol-.
led in cases. The rod or mandrii
should be of hard wood, 16
Two brass
or 18 inches long, and 5 l-2 lines in diameter.
rods to load them, one of 17 inches in length,
the other of
A wooden rammer,
with a heavy head,
only 8, are required.
may be used.
A small funnel with a spout 5 j-2 lines in diameter,
and a ladle to lift the composition,
are also required.
The instructions
of M. Bigot for the formation
of Port-Jire
are that the paper must be cut in bands, 3 1-2 to four inches
wide, and 15 inches long, and six strips of this paper are to
be arranged
on a level table, one above the other
in such a
way, that each strip extends about half an inch beyond the next
below it, and pasting the projecting
parts of it; that the wooden rod is then placed upon the upper strip, near the side, and
the paper is rolled several times round it; pressing
it at the
5;1m~ time,
and shutting
the case, thus formed,
at one end,
bp bending
the paper up 3 or 4 lines on the rod, and striking
it on the tahlc t:, fatten
it; that the rod is then removed,
and
the case is dried,
which is afterwards
filled by introducing
the composition
through
the fnnnel,
and ramming
it as fast as
it falls down; which is done by alternately
raising and iowering the copper rod, without
drawing
it entirely
out; that in
charging,
care must be taken to beat it uniformly,
with such
a force, that the paper may not be torn, and the composition
equally
solid throughout;
that when the composition
is within an inch of the end of the paper case, a tow match
is put
over it, of 1 I-2 inches in circumference,
the two ends of
which project
from the paper case, and are covered with priming paste; and finally,
that the port-fire
is finished,
by pasting upon its end a small bit of paper, which is torn off, wheu
the match is to be used.
Port-fires
are tied up in a sheet of paper, in parcels of ten.

--las;Fmin.
moistened
with linseed
oil.
-10
do-do
-7
do-commonly
used.
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The articles are pulverized,
and mixed bj’ passing them
;hrt,ugh fine sieves at least twice,
After the addition of linIf
5,t.r :i oil, the composition is again mixed with the hand.
IDA ~~‘ruchoil be added, the port-fire
will not keep. Fourtetn pounds of composition, and 2 l-2 reams of paper, are
required for IOO port-fires.
Port-tires are usually 16 I-B inches, and seldom more than
21 inchts in lcn@h.
The paper cases must be rolled, wet
with paste. ‘f%e distinction, made between what is called
the wet, and dry port-fire, is, that, in the former, linseed oil
is used, and, in the latter, the composition
is mixed dry,
Dry port-fire, according to the Gritish formultl, is composed of’
2, and ;tntimon!: 1.
saltpetre 4 parts, sulphur 1, meal-powder
The foilowing form&z for port fire are givun in the PyroI
techn~ of the Encyclopedia
Britannica,
Saltpetre
- 1.
Sulphur
I
Meal-powder
q
2. Saltpetrt:
Sulphur
Meal-pen der
‘.
.-I Saltpme
3.
fiIe:li-powder
Sulphur
-c, &I&-powder
Saltpetre
Sulphur
5, Saltpetre
Meal-powrlcl
Sulphur
saw<1 Ll!Gtl
*
*
5, Saltpetrc:
.m
Uphur
Meal-powder
Iliimrinutin~
por-2~fi1*es, mx d in fire-worlds for exhibition, &L,
have been noticed heretofore.
The composition of ;he charge for fire-lrrcz:es (port-fire,)
is thus given by Kuggeri;
Y?-Oj?JOl
tions.
suhtum~~s.
L
16 parts
Sdtpetre
Sulphur
8 -Powdtred
antimony or powdertd pitcoal
4 --.
Mixed, and passed three times through a sieve.

CHAPTER

OF’ FUSES

FOR

SHELLS,
GRENADES.

IV’.
HOWITZES,

AND

The fusee of the French, is applied to various purposes9
and is differently
made hy different artificers.
Fuses are intraded to communicdtc fire to the powder with which shells,
&c. are filled, so as to make them burst in the places to
which they are thrown.
They are composed? according to
some, of one pound of gunpowder,
and two or three ounces
of charcoal, well mixed toyether; or of four pounds of gunpowder, two of saltpetre, and one of sulphur.
It is to be
remarked that the time a bomb, or grenade, will take to burn,
after it has been thrown out of the mortar, or a howitz out
sf’ a howitzer, depends entirely upon the length and quality
of the fuse. Fuses are made of wood turned in the form of
a truncated cone, in order to enter fairly into the eye of the
shell. They are perforated through the middle, in the direction of the axis, so as to receive the composition.
This
channel is called the light of the fuse. The wood that is
cmployrd, shuul~l be strong9 dry, sound, and without knots.
They
The best kintls NC the oak, tht- elm, and the linden.
are filled with a slow combu~;tiI~lt* composition.
The materials are increased or diminishc*;! :kccr>rd:r\g to the nature of
their application.
Fuses arc semetirn~s mnde of copper.
The fuses for 10 and 12 inch shells arc 8 1-2 inches long;
for S inch shells, 7 l-2, for howitzes, 5 I-;?; 2nd i,,r hand
grenades, 2 1-2. The diameter of the light, in tI?v i;rr,~ is 5
lines, in the second and third, 4 lines, and 2 lines for grenades. At the larger end of the fuse for shells, and howitzes,
a cup is made from 10 to 14 lines in diameter, and 3 deep,
In turning them, a solid bit, 2 1-2 inches thick, is left at the
small end, to prevent them from splitting, when the cl,mposition is pressed into the canal. When the fuse is to be driven
into the eye of the projectile, this piece is sawn off, cutting
the fuse diagonally.
The turner marks its termination
by a
circle upon the fuse. Fuses decrease nearly one inch in
length, and two lines in diameter, according to the caliber of
The diameter of the lights, or apertures, only
the bomb.
diminish half a line.
In what is called.the Shrapnel shell, invented
bv colonel
Shrapnel, the season&e use of the fuse constitutes brie of its
principal advantags,
With regard to the American elonga24

ted sll~pll, invented
by a gentleman
in the Ordnance,
heard nothing.
See &‘/EI.uJ)?~~‘! .rh~A!, &c.

we have

?‘Y;Q I ;tinmers
of copper arc required
for each of the set’en-a? csliht>rs
oi‘ 12, 10, and 8 inches;
the first an inch longe:.
tbJ1) the fuse, the second half as long.
These
rammers
are
of t!le same size with the lights of their respective
fuses, and
have a head to receive
the blows of a mallet.
Only one rod
is wanted for the fuses of smaller
calibers.
That first ept:r:ltion
is to examine
the fuses, to see that th;:>have nn knots or A:PWS, and are not wormeater:.
‘I’lrc 31 tiiicer5
pl:-t~e tll<kmselves
astride,
and facing each otjlcr, upon benches
of strong plank, hating,
between then;, a snral! vt ssel filled with
the composition,
and each one, a sm:Jl meac;ure.
Each artifices
takes a fuse, inserts the small end into a hole, made
in the
bench, for the purpose of maiutairlin~
it erect, and preventing
it from splitting
in the ant oi‘ charging.
He then passes a
measure
of the cc~mpr;r:I\ion
into the light,
and introduces
the
first rod, on v~hi~h hc strikes
15 strokes,
of equal force, with
the mallet.
Eetwecn
eve:-y three strokes,
he raises the rod,
:o make the composition
fall.
The ramming
of this measure
He then with:s ri:rwfore
c.x;tcutc-d in 5 vollies or blows.
cirLlw .I tile rod, and introduces
a new charge of the c~mi,osiGun, which he beats as before,
and so on urltil
th,: f::se is
half full; after which he makes
use of rho secirnti
:~o(l, :i:~c?
goes on loading,
until the cbargx r-caciles xvitilin
three lines
of the cup. He then takes two !+trands of quick match, which
(after placing
them in ‘the form of a cross, on the top of the
fuse) he presses with his rod, pen rs some of the composjtion
frill *I: hem, and, beating
it carefully
so as not to cut the
March, hc fills the fuse to the top of the cup,
The fuses of howitzes
and grenades
are charged
in the
same way ; but the blows are not so heavy as in larger ones,
for fear of splitting
the wood.
The fuses being thus charged,
the quick match is folded
into the cup, and the opening
closed
with a bit of cloth or
parchment,
or very strong paper, which is tied an inch below
the top.
This operation
is called cupping- the fuse.
Alli the
fuses for brmbs
or grenades
are at present furnished
with
matches.
Care must be taken, therefore,
to leave 2 vacancy
of about 27 parts of an inch, in order to fix in the match.

Fuses of grcnade~ are charged

with

the same precisian

a~

.

ihose for bombs,
only the blows, as we remarked,
should bC
weaker for fear of silitting
the fuse.
Befcz~ tl~c little end is
driven into the bomb or shell, care is to be taken to have the
end cut slopingly,
without
which the communication
of the
fire with the pcJW<ier
would be uncertain.
When f:~ces have been well loaded, and the matcria1.s jl*‘cviousl;.
well mixed,
they will naturally
burn
with
an equal
steads- fire, preserving
-in gt ncral an t.ven length
of flame,
:vitilout
splitting,
or irregularly
shakit.ig.
They may be Pro7ed by throwin:;
them ir?to water, tied to a stove, or 1)~ driving
‘J-j-q
shid
xut go0
them with heavt. blows into the earth
Fuses made with thy CO II~,P$;out in either of these cases.
;l;lcj [or 1~ and 12 inch ~heiI5, I~st
tion we shall describe,
to the Strasbourg
directions,
seventy seconds S Accordicg
it appears, that fuses for she!l:; of 1z.78 inches should
last
until you can count 80 or 85, or 70 seconds.
Those for bombs
0.52 inches, 65 counts, or d~seconds,
and t&;e
;‘or grenades
25 or SO counts,
Before the fuse is driven into the bomb, the thin or small
end must be cut off, in order that the fire may he easi:y communicated
to the mass of gunpowder,
which is locfg~d in the
bOd1.
To lire bombs at a small distance,
the fusr must be
cut on a longer slant, 50 that the bomb may take effect sooner,
and may not remain
a long time in the place where it falls,
without
bursting;.
The fuse must be of such c-t Length, as to continue
burning
all the time the shell is in its r;t.lcr f al:c! to set fire to the
powder as soon as it touches the ground,
~vhich oc casions the
shell instantly
to burst into many
pieces.
\Yhen the tlistance from the object is known, the time of the sbc-i~‘~, fiil:h:
may be computed
to a second
or two; which
being :rscer.tained, the fuse may be cut accordingly.
By burning
two 01
three, and making
use of a watch, or of a string,
by way of
a pendulum,
to vibrate
seconds, we may determine
the length
of time a fuse, or any length
of a fuse, will take to burn.
Pn order to preserve
fuses for a length of time,
and protect them from moisture,
the cap is coated with a composition, or cement, made of 16 parts of bees’ wax, and 4 of mutton tallow;
meltmg
the wax first, and then adding
the suet.
Some make use of two-thirds
wax, and cne-third
rosin.
The
cap of the fuse is dipped
in, when the mixture
is half cold,
nnd immediately
withdrawn.
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Composition
for the I;uqes of Shells,
r;
7=
Howitzes and Grenades.
u’u
gg
a
-m--a--a__P_Y__5‘
Composition usually employed,
Quicker composition,
,
.
.
7
A;zher
(from Ruggeri]
.
.
144

-.7

2.

2
8
10

7

;
6
7
3

4

2

3

16

Do:
Do.
Do.

(Strasbourg)
for 8.52 domhs,
(from the Pocket Gunner)
lhs,

Do. particular

(from

4

21

Bigot)
---

_--

_

_

.
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The following
is the quantity of coonposition
fuses, viz:
lOOOfuses,for
IO and 12 inch shells,
.
Do-. do. for 8 inch shells,
Do.
do. for G inch howitzes,
t
Do. do, for hand grenades
.
.
l

required

*

for

92 lbs.
53 -334 16 -

The shells, before they are loaded, are cleansed from any
foreign substances that may be in them; and those which are
split, or have flaws in the eye are rejected; so are also those
that are not well bored, or are eccentric.
They are then
charged with powder, introduced
into them by means of a
funnel.
Five or six pounds of gunpowder are usually put
into rwclve-inch shrlls; from three to five, in ten-inch shells;
from one to one and a quarter, into eight-inch shells; from
three-quarters
to one pound, into howitzes;
and grenades
The charge of shells is increased,
of all sorts are half filled.
when they are to burst into a great number of pieces; for
Incendiary
instance, when they are to fall airlong troops.
fire-works
are added, when buildings are to be set on fire.
Among these are fire-stone, and incendiary matches.
The charge having been put into these hollow projectiles,
a fuse is introduced into the eye, after it has been cut diaqonally at the smaller end, and the smaller part taken off. It is
forced in by repeated blows of a mallet on the fuse driver-

which is laid upon the cap of the fuse. It ought not to pro.ject more than eight or ten lines in shells, and six or seven
in howitzes.
The fuses of loaded shells, howitzes, and grenades arc
preserved from wet and fire in the field, hv- dipping that part
of the fuse, which projects from the surface of the sphere,
for the same purpose &before mentioned, inn) the following
com/>osition.
The immersion must be made, when the compo liiion, after being melted, is half cold.
Either this, or
the formula before given, may be used.
djb??qlosition.
e
a

31 parts.
Bitch,
.
e
Turpentine,
I
. 160
-3Iutton tallow,
.
* I
.
lLinseed oil,
d 6Agreeably
to the Strasboirg
%Iemoir on Military
Fireworks, it appears, that, fuses being driven into the shell, four
threads of match must be neatly arranged in the cap. Then
cap the fuse with a piece of parchment dipped in brandy;
after which, apply round the fuse, at the eye of the shell,
Then dip all the exsome capping wax when lukewarm.
treme part of the fuse, down to the shell, m melted pitch,
which you will have to cool in the shade, in such a manner,
that the shell may neither be exposed to moisture, nor to the
accident of fire.

Composition of the Pitch.
Black pitch,
.
.
.
+
Rosin,
.
.
.
.
This pitch serves not only to pitch the fuses of
grenades, but also to cover the outside of fire-balls
fire-works, intended to be preserved.

4 lbs.
4 bombs and
and othes

Another Composition of pitch for the wine Purpose:,.
Black pitch,
.
.
e
.
6 ibs.
12 0%.
Linseed oil,
.
.
See the preceding iection.’
Sec. 111:

Of Fuses with Dead Light.

The feu nzort, or dead fire fuse, is a peculiar species 0:
?iw.
The difference, between these fuses and the ordinary
kind, consists in this, that the eve. instead of being pierced
and hollows is f‘ull, and of :I hemispherical shape.
In both

cases, however,
small end.

the composition

is introduced

through

the

Composition *for dead h.ght16 parts.
Meal-gunpowder,
*’
p
9g Ashes of wood,
PotThe ashes must be dried, and ;un through a sieve.
ters’ earth, or clay, will produce the same effect as the ashes.
In proceeding to charge a bomb-fuse that is made of ordinary wood, the eye, or aperture, is first closed with pipe
clay, which is well baten and pressed against the fklz:,chin a
small platter; the thin end of the fuse being hel~l upwardso
Three lines ( t5ths of an inch) of this earth INill be sufficient
to stop the com:rrunication of any fire.
A. tube, or trundle,
filled with meal-powder,
for the purpose of setting fire to
the composition
called feu mart, is thrtrst into the fuse, by
which it is finally charged.
Ii‘ this charge of meal-gunpowder were to be omitted, the fus;;’ might not be susceptible of
ignition; but the quantity never ought to exceed three lines,
as the fuse would split by the explosion.
When the grains
of gunpowder have been well pounded, a trundle or tube,
filled with the aforementioned
composition, must be applied,
and it is finally loaded like the rest.
It must be recollected, that two inches of this composition
will last as long as one of the quality, with which common
fuses are charged.
Before the fuse is driven into tbr i~~mb?
it must be pierced through with a gimblet of o;il: linl. iri rli:tmcter; taking care, that the hole is made prcci~~-ij tilrr)uGh th::
One end of :t 31 inning match musf
charge of meal-powder.
,,a~3to it, which three arc:
be forced in, and three others IX t.;<,
The parto fall upon the bomb, TTbun it lies in the mortar.
ticular ob.ject to be obtGnec1 by this kind of fuse, is to prevent tilti_:least trace of fire or light being visible in its projjcction; so that the enemy may remain ignorant of the range, or
direction of the bomb, and not be able, of coursei to get out
of the way when it falls, or to avoid the ef&cts of its explosion.
These fuses were made use of at the siege of Ham
71-r 1561.
The expcrikments, which were made, In I?%, with
this composition, 1~~ an artificer belonging to the ordnance
buar*cl, at Dotray, have proved, that it answers every purpose, for which it was invented.
ri”hr ;rrtrilor of the LGn~rel Ls’e t’4rtilleur
observes, however, that the advantages to be derived from this invention,
ate not so great as they first appear,
He remarks, that-

with respect
to the real utility
of the fuse h ,&L ~PEOY~, if it
be considered
as tending
materially
to the ‘dcfence of any
beseiged
place, the argument
cannot be very forcible,
when
we reflect,
that to gain time cunstitutcs
one of the principal
means of defence, and that the only way to obtain it, is b>retarding
tlte beseigers’
operations.
l’hese
ends are gained
by variobi5 expedients.
Among
others, the common
lighted
fuse conduces not a little:
since, during
the whole direction
of the bomb against the works of the assailants,
the attention of the workmen
is diverted
from
their
immediate
labour; and as hg as it continues
in its range, much uneasiness is created,
b(Acause its ultimate
explosion
and concomitant destruction
are unhnown.
Add to this, that, independent of the confusion
that is occasioned
among the assailants
by repeated
projectiles,
the bombardier,
by means of lighted
fuses, is enabled to correct his aim during
the darkest
night.
This kind of fuse has been known for many years, and, it is
presumed
from these objections
to its use, the common
fusr
5as been hitherto
adopted.

Shells, in gunnery,
are hollow
iron balls, to be thrown out
of mortars
or bob.iizi-rs,
with .I fllse hole of about an inch in
diameter,
to load them ;vith po~‘iier, ant1 to receive
the fuse,
The bottom,
or part oppc;sitc t’r:c. I’IIS~‘, is made heavier than
the rest, that the fuse may fall upp~rmo:,t.
In small clevations, this is not always the case, nor is it neces;jrrr~-.
ShtJIs
are called hollow
projectiles,
and, bes!c;is p~~dcr;
various
incendiary
matters
are introduced;
but in addition
tc
shells, properly
so cnlied, hollow projectiles
comprehend
howitzes and grenades.
As a principle,
it is observed,
that
their sides ought to be proportionably
thick to the shock they
receive
in the piece, and to the quantity
of powder
introduced for bursting
them;
and their weight,
according
to the
ol!jects
they are to destroy.
‘SVe remarked,
that a shell should
be thicker
opposite the fuse,
This thickness
is called by the
French
a dot,
or reinforcement
of metal;
the object
of
which is to prevent the breaking
of the shell on rocks or stone,
as well as to prevent
its falling
on the fuse.
Four times as
much powder
may be put in the cavity as is sufficient
to burst
Ihem,
This
admits
the introduction
of incendiary
matter.
Htiwitzts
are hollow balls with a culo~, or reinforcement
of
met:d, ujwn the inside, opposite
the eye, and are calculate4
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for ricochet, that is, for passing, bounding, over the ground,
and, by striking and penetrating
solid objects, and final!y bursting, produce considerablt havoc and devastation.
For
ricochet, the howitz, in fact, should be of the same thickness throughout.
Grenades are also a hollow ball, and are of two kinds;
namely, the rampart or ditch grenades, of the caliber of 36,
24, 18, and 12 pounders, designed for rolling along a trough
from the top of the rampart, and falling into the ditch, to
annoy an enemy, in attempting to cross it; and the hand grenade, that are thrown by hand into the interior of works, that
are attacked, into covered ways and trenches. kc. Tll t 7,‘ trt
of six and three pounder calibers, and their r-.plixtrrs 1. i!; fly
35 yards. Grc.nades were invented about the tIna<: that shtlls
were, and first used in 1594. Grenades Ilaie sunk into Jisuse; but they may be advantageously
employed. During the
seige of Cassel, under the count tic la Lippe, in the campaign of 1762, a young engineer undertook to carry onta of
the outworks, with a small detachment of men by using grenades, and in consequence succerded.
Message shells are nothing more than howitzer shells, and
are so called, becaurje they are used to carry letters or papers.
During the bombardment of Flushing, and while the cornmunication with Cadsand was cut off, means were found to COITVCJ- a letter from the garrison into the latter place. I(t wa‘;
inclvs~d in a shtll without inflammable matter, and di~cf~~ get1 from a mortar, planted on one of tilt 5:;~ O:ittcKies.
Shrapnel1 shells were invented by cL,!oli::l S11~;~pt>~11
of the,
British service. They were nsecl, G-C .P;c lolrl, with pectilial,
effect against the French, in I 808, anti a~. the battle of Waterloo in 1815. The fuse s for thesu shcils, after being turned so
as to fit the fuse-holes, are bored, and a deep thread grooved
inside, to hold the composition firm; and, instead of being
turned with cups, they are hollowed conical, and iougbed
with a tool that cuts under, the better to recei: e the pl*iming.
After they are driven, with fuse composition, one and a half
inches, they are sawed across the top about one-fifth of an
inch down, so as not to touch the composition, and divided
into five equal parts, of two-tenths of an inch each; after
which, a bit of quickmatch is placed across, and dt-awn tight
in the same grooves.
They are then primed with meal-powder and spirits of wine, capped, and packed for service.
We here insert three tables, which we have extracted from
the work of M. Higot.
The first table is relative to the dimensions of fuses felt
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shells, howitzes,
and grenades; the second, 1especting the
dimensions of I)onlbs, howitzes, and grenades; and the
third, of the charge of bombs and howitzes.
These tables, taken together, will exhibit all the particulars on this subject; and as this kind of data is necessary, in
the practical operations of the laboratory, their introduction
in
this place, we consider important.
Table relative

to the Dimensions
of Fuses for
zes, and Gr-r:nades.
CALIBERS.

L3lgth,

-

-

-

-

Shells,

Howit-

.

=

s ] At the large end,
s pt3
inches frou the large end,
2 )At the slnall end,

.z! 1 Of the light,
Q J Of the interior of the cl:p,
Depth of the cup
Helcht
Table

of thrl massive,
of’

I
of bombs,
-I

Dt~~2e12sions

CALIBER.
--

.

.

e--

of bombs,

Diameter I of the light
2
Thickness of the sides,
of the culot,
\Yeight of the bombs,
._ _ --__II

~owitzes,

.

exterior,
interior,
1 6 0 1 6 0 0 11 0 0 I1 0 0 4 0
2 201
401
300
000
50
Pound4 Pounds. Pounds. Pounds. Pounds,
43 to
20 to
3 1-4
c 145 to 97 to
45--__ - 25
0
--.. 1 150 - - 100
--

The rampart grenades are vayiable in their
Tveigh from eight to twelve pounds.
.-

Tuble

and Grenades.

1S-inch&
l.%inch. lo-inch
howltz howitzes Hand
S-inch. 6-inch. grenades
- --_
----_--

of the Charge

of Bombs

dimensions,

nxd H~witzes.
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CHAPTER
OF 15CESDXARY

17.
FIRE-WORKS,

Under this head are included all artificial preparations,
designed, as the name expresses, to communicate fire to
b&dings,
shipping, &c. and for other purposes, connected.
with the operations of war.
rit different periods, even from the remotest antiquity, incendiary works have been used. Of these preparations, we
may enumerate the following: shells, howitzes, and grenades;
fire-stone to put into shells and howitzes, intended to produce conflagration;
incendiary
matches, used in the same
manner; carcasses and fire balls, to be thrown from a mortar, designed to light up the works in front of a besieged
fortress, and to burn buildings; incendiary, or fire-balls, to
be thrown from cannon or by hand, used in besieged fortresses to light up the enemy’s works; pitched tourteaux and
fascines, to illuminate the passage of rivers and defiles; powder bags, to throw upon troops mounting
to the assault;
powder barrels, to roll from the top of a breach, or from the
head of a sap fi-om the glacis; thundering
barrel, employed
for the same purpose; burning or illuminating
barrel; petard,
to break down the gates and barriers of small towns, and
even thin walls; torches or flambeaux, to giire light during
night marches, and other purposes; rockets, foupttes,
and
murdering
and the Congreve war rocket, for various uses;
rocket carcass of Congreve, as an incendiary;
rocket light
ball, to illuminate
the horizon near the enemy; murdering
marrons; Roman incendiary candles, and incendiary stars;
tarred ar,d pitched ropes; fire rain; marine fuses, &c. to
which we may add the ancient Greek fire, and red-hot balls.
III this chapter, under the different heads, we purpose to
describe these, and other fire-works, used in war.
We may
remark, also, that animals are sometimes used as incendiary
agents. Rats, for instance, have been employed in certain
cnterprizes, as for the purpose of setting fire to magazines
of gunpowder.
On these occasions, a lighted match is tied
to the tail of the animal. The cauuie~* pigeon
of the French.
or carrier pigeon, is not used in this way; but only as a carrier of letters, to which it is trained and used in Persia and
‘Turkey.

The fire stone (Zioche 2 feu) is a compact, or solid composition.
It is calculated to burn slowly, and when put into
shells and howitzes, and thrown into cities, produces conflagration,
This stone is composed of sulphur, saltpetre, meal-powlzler, and sometimes grain-powder,
kc. The sulphur is melt1-d in a kettle, or glazed earthen vessel, over a clean charcoal fire; the saltpetre being pulverized, is then thrown into
it, and the spirits of turpentine, if any is used. ‘Tbcse articles are stirred with a spatula, and the fire must be so regulated, as to prevent the composition from boiling over? or
taking fire. When these are well melted and mixed, they
are taken off the fire, and permittt>d to cool a little; the gunpowder is then thrown in, and the composition poured upon
a cold surface, where it consolidates.
It is then broken into
small lumps, to be made use of when required.
We may here remark, that, as the goodness of this composition depends upon the accuracy with which the mixture
is made, too much care cannot be paid to this circumstance.
Ior the purpose of rendering this incendiary more inflammable, it is recommended to roll the pieces in meal-powder,
before they become fully hard. If the same composition be
mixed with suet and spirits of turpentine, it is used for the
same purpose, but not in the same manner.
The invention of the fire. stone is said to have originated
from the fire-rain of Casimir Siemienowicb,
an ingenious
Polander, and Chevalier of Lithuania, kc.; and in fact, ac
cording to Nuggieri, the composition was taken from hi,
treatise.
Incendiaries
to be put into bombs or shells, are sometimes in rolls in the form of a sausage, which continue to
burn after the shell has burst. They infallibly set fire to whatever combustible substance they touch. When thus made they
are from -88 parts of an inch, to an inch in diameter, and
from 3 to 4 inches long.
Carcass composition is generally
used. It is run into cylinders, which are pierced in the
middle, and the hole is filled with the composition of bomb
fuse. Thev are also furnish4
7~1th cotton matches.

hcendiary

i”ire- Works,

Composition

of Fire Stone.
---
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Composition
frequently
made
use of,
I
DO
*do ’
ilo
*.
Do for particular purposes,
Do
d0
do
DO
do
(spirits oi
turpentine, 19 oz.) and
.

16
28
94
11
6

Fire stone may be considered the z&Z&fire; but this term
is applicable to any composition, as the Greek fire, which,
when inflamed, burns with rapidity, and communicates
its
fire to surrounding
objects with quickness.
In such cases,
the combustion is so rapid, that buildings, &c. are immediately wrapt in flames, which seem almost to defy all human
power to extinguish.
Such was the nature of the Greek
fire, of’ which me shall speak hereafter.
Sec. II.

Of Inwndicwz~. ilf&rYies

These are better for the purpose of putting into shells and
howitzes, than fire-stone alone, which does not burn as well,
Their preparation consist. 1; in boiling common slow match in
a solution of 20 parts of saltpetre, in six parts of water; then
drying
and cutting it into pieces of two or three inches long,
and immersing it into fire-stone, in a state of fusion, Before
the match has become solid, let it be rolled in meal-powder,
or in grain powder.
Fifty pounds of fire-stone will be sufficient for 1500 matches.
Sec. III.

Of Carcasses

and Fire-Balls.

Carcasses and fire-balls are made of a composition of corn=
bustible substances, and are used to produce light, as well
The difference between them is, that
as to fire buildings.
the carcass has bands or hoops of iron, that form its shell.
These hoops are made at right angles with each other, in an

oval form, and fastened together with a base of iron.
The
fire-ball is made of a sack of strong tow cloth, or of a bag of
basket work, in an oval form, and covered with strong cord,
to give it a body. Both, however, are well wrapped with
cord, to make them more solid.
The Rev. J. P- Coste, in 1794, invented a carcass compo=
sition, which he submitted to the French national convention. It appears that its fire was very violent, which nothing could extinguish, and could be thrown 800 paces from
a caliber of 24 in. and to a greater distance, if required. An
account of this carcass is given in the Monitez~, No. 342.
Oblong carcasses were formerly in use. The ronnd carcass is more applicable for mortars and howitzers.
The 1%”
inch round carcass weighs about 212 lbs., lo-inch 96 lbs., 8inch 4<8 lbs., and &j-inch 16 lbs, Carcasses are seldom or
ever fired from guns or carroimades, in the land or sea service.
In bomb vessels, they are only fired i‘rom mortars.
After the first invention of bombs, that of carcasses and
They are said to have been
grenades naturally followed.
5rst used in ‘1594, and afterwards by the bishop of Munster,
at the siege of Groll, in 1672, where the Duke of Luxcmburg
~:omtnanded.
The c;lrcass for 12 and lo-inch mortars has six bands of
iron; that for- an a-inch mortar, no more than four.
These
bands are cf an oval shape, and fixed with nails, either
clenched or rivetted to a bottom, of the shape of a segment
of a sphere; then to a hoop, placed horizontally
at onethird of their height; and at top, to another that closes the
opening.
‘The sacks, that contain carcasses and fire-balls, arc of a
cylindrical
form, and their diameter and height are equal.
being the same as that of the carcass at one-third its height.
They are sewed upon a circular bottom, like the woollen _
bags of gun-cartridges.
FYhen the ball is wound with thread,
the folds will disappear.
The sacks of fire balls are an inch
less than the caliber of the mortar, and those of carcasses
fom tndles more
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and Light

I
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Moist composition.
Idem.
Dry composition.
Idem.
Another.
Ditto.
TMO.
Ditto.
m
Ditto.
- ’ m
Ditto, particular,
for
setting fire to magazines,
build 3
ings, kc.
Ditto, same purpose.
Ditto.
(10.
Ditto.

0 30
2 20

6 30 0
6

30

0

19 01 2
i
52 i 010
1
4 16
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* Also, iron or steel filings, 2;
tion of saitpetre. 2.

0
0

and fir-tree

52
0
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I
501 0

0

sawdust boiled ia a solar =

We may remark, that the four first form&
are given by
Therefore,
alBigot, and are used in the French service.
though the others have been employed, we may consider the
proportions
in these, as best adopted for the carcass and
About 491bs. of composition and two
light-ba!l composition.
lbs. of fine tow, are required for a carcass of 12 inches.
Luminous or light balls are sometimes made of the following compositions.
Composition

I. Sulphur
Antimony
Saltpetre
Rosin
Charcoal
2. Saltpetre
Rosin
Charcoal
Antimony
Sulphur
Pitcll

Jar

Luminous

Balls.

m

I

s

6 oz.
24-

c

44F
e
e.

m

2 oz.
22lll-

In the formation of luminous, or light balls, whatever may
be the composition,
we may remark, that the only ingredients which appear to be Ed-,,enti:~lly necessary are nitrate of
In some preparations,
potassa and inflammable srrbstances.
antimony is used, for the same reason as in the Bengal
Rosin, pitch, and charcoal are all inflammable;
and
lights.
sulphur, although it takes fire more instantaneously
than
these, enters into the composition of such fires more on account of its flame than any other,
As a general rule for the preparation of carcass composition, the following particulars must be attended to. After
melting the pitch, turpentine, rosin, and sulphur, add the
tallow and camphor, and then the nitre and charcoal, in powder. They are then to b c stirred, and mixed intimately”
Care must be taken to regulate the fire,and prevent the comfrom the
position taking fire, After the kettle is withdrawn
fire, the gunpowder is then gently added, and stirred with a
stick or spatula.
The kettle is then again put over the fire,
and afterwards
withdrawn.
‘Tow is now added in small
quantities at a time, stirring the mixture well that it may be
thoroughly incorporated.
The preparation of the carcass, or fire-ball, is as follows;
dx3crving. . . ttJn?, if it :r, a carcass, tj:f> ir-on-frame rn~~st. 1~6~ fia-c'

placed in the sack. Four cords are taken, each four lines iu
diameter, four feet long for the calibers of 10 and 12 inches?
but only 3 feet for the calibers of 8 inches.
The middle of these four cords are laid one upon the other
in the form of an eight-pointed
star. Each end of the ropes
is then fixed to a nail, and a bottom is formed, similar to
basket-work,
by interlacing
a cord, two lines in diameter,
three or four times round the central point. The small cord
is then tied with a knot, and the bottom of the basket completed, by tying the four large cords together with four half
knots. The bottom of the sack, containing the iron carcass,
or of an empty sack, if a fire-ball is to be macie, is placed
upon the middle of this, and the filling performed in the following manner, namely: A sufficient quantity of the composition is taken from the kettle to fill the empty carcass, or
sack, three or four inches high; ;I few loaded grenades, with
the fuse down, or a howitz pIaced in the same way, are laid
The filling
is continued to the top,
upon this first layer.
putting the composition and grenades, in alternate layers,
When it is done, the sack is tied with twine.
In order to
tie up the fire-ball in its cord net, the cords are raised from
their nails, over the sack, and tied in such a way as to suspend it about the height of a man’s head, and to permit it to
fixes the end of a small
be easily turned round. An artiticer
cord to-one of the larger ones, at the distance of 1; inches
from the bottom; he makes a half knot upon this, and carries the small cord round to t’he others, to which he ties ir
in the same way, forming
a spiral round the ball. The large
cords are kept regularly stretched in such a way, that each
turn of the spiral may be 14 inches from that beneath it.
When the spiral has reached the top of the ball, he unites
&he small cord, called the traverse, with the ends of the foua
He divides the latter into two par-others, called uprights.
eels, and forms a loop of them, through which a lever maybe passed for the convenience of carrying it. At two 09.
three inches from the upper end, and upon two sides, diametrically opposite to each other, two pins of hard dry wood,
well greased, are driven in. These pins are 6 inches in
iength, one in diameter at the head, and half an inch at the
point.
‘l’hey must be inclined in such a way, as to meet in;:
:he axis of the fire ball, at about half its height.
The carcass or fire-ball, when finished, is dipped into the
Mowing
composition:

Grenades
answer
the purpose
of dispersing
the fire of
:he carcass in different
places;
and tht: shell will not burst,
till the carcass has burnt
for a sufifficic-nL I!.ng:.h cf timeSometimes
the ends of gun barrels,
or ;)i\toPls, hozcted with
ball, are put in.
Carcasses and fire-balls
are primed
before they are used,
by drawing
out the pin:,, and filling the holes with the composition
for the fuses of’ shells;
taking
care to use for ram*ming, only wooden or copper ran~rner’i.
F’c,ur cotton matches
are placed
in each hole, 6.4 inches I~,~ig~ Ic c:Jcr to convey
the fire.
Carcasses and fire-balls
are discharged
from mortars,
in
the same manner
as a bomb.
When the C::FC:I~S
is
inteilded
TO give light to discover
the enemy’s
works,
therl the small
ch:~r!:cs are to Ix: put into the chamber
of the mortar,
and
bltt iilltc
elevation
given, for fear it should bury itself in the
gt-out1d.
It; on the contrary;,
the intention
is to set fire to
houses
or magazines,
a cr**‘a
r-,. . a;(-r r!rvatinn
is given to the
mortars,
in order that it ma:; re-:ich :md destroy rhe buildings,
upon which it is intended
to f‘tr;i.
The composition
used by the Aust!-i:r!is
at the siege of
Valenciennes,
which is called after it, has the same effect as
carcass. It is composed
of saltpetre
50
parts,
sut~,hur
~ZG,
antimonrt
18, and rosin 6.
An Eng~lisl:
writer observes,
that the best way of making
light balls, is to ~‘3”
L.rte thick brown Faper, and make a shell the
size of the mortx,
and El1 it with a composition
of equal
parts of sulphur,
pitch, rosin and meal-powder.
Before closing this article,
we may add, that carcasses are
sometimes
made to weigh two hundred
and thirty
pounds,
and those <or the naval service differ from a shell only in the
composition,
and in the four holes, from which it burns when
fired.
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- ___--The first composition
is redu&
to a paste with good brand!< or other spirits,
in which
g\lm arahic
and camphor
bavc
and aftvr
Ical*ing
it a few hours
to dry,
been dissolved;
moisten
it with linseed
oil,
and make it into balls a little less
than the calibers ofthc guns, ii-cm which they are to be fired,
or weighing
ahou~. four pounds, if they are to be thrown by
‘I’heq: are tied up in a cloth
and steeped
in a bath
hand.
of pitch in the same way as carcasses.
They are usually
co\.~r~d a second time
with
cloth and dipped
in the same
If they are to be fired from guns, thev are enveloped
WLlY.
to prevent
them from being
broke by
in a netting
of wire,
These
ix~ils when
fired are put:
tht: action
of the charge.
down over a s $$a11charge without
ratnming.
1’wo holes are
made in them in the xame wan- as iu carcasses and fire balls,
and the\- are prilljed
in the same manner.
1~. e:;,playing
the second and other compositions,
the materials must first be 111rltc~1,
such as rosin, tallow,
and sulalum,
and antimony,
added;
when
phur , and the powder,
the melted
matter
is removed
from the fire.
After they are
311 mixed,
the mixture
is then poured
into wooden moulds,
the ball is taof two pieces, that arc greased on the inside;
ken t‘rom thr mould when cool, and wrapped
up in cloth or
in melted
pitch.
When it is to I,c used,
in tov+ . It is ilipped
hOi1 c; 21-c mar!r in it with a gimblet,
and it is primed
iike the
\
,,<;I t L:-~
ti-, DELL-.‘nr,i:;:irX
here, that the Gong-eve
incendiary
rocket
.
composition,
is ;y:\‘I( :i ;: ;t:; cnrcrrs
which products
all the
et;<cts oc th- :;5urri : ::1ca5s.
The rocket carcass will be considered uuder the head of war-racket.

Sec. V.

qf Smoke

Balls.

Smoke balls are composed
of the same strhstances as carcasses and light balls, with this difference,
that they contain. . five.
to one of pitch, rosin, and sawdust.
This
composttlon
1s
put into shells made for the purpose,
having
four holtsa to
Smoke
balls are thrown
out of mortars,
let out the smoke.
and continue
to smoke from twenty -five to thirty
minutes.
Sec. VI.

Of

Stink

Balls.

Stink
Towder,

Balls are prepared
with
a composition
of mealed
rosin, saltpetre.
nitch, sulphur,
rasped horses’
and
aSSt\’
hoofs, burnt
in the l.oof, assafcztida,
seraphimgum,
stinking
herbs,
&c. made up into balls in the same manner
as light-balls,
according
to the size of the mortar,
out of
which they are to be thrown.

With
respect to poisoned
balls, we are informed,
thar, ai
:hoqh
thry have not been used hy European
nations,
the
Africans
and the Indians
have always been very ingenious
at
poisoning
several
kinds of fire compositions.
At the commencement
of the French
revolr?tion,
poisoned
balls were exhibited
to the peO[Jk,
pretencletf
to have been fired by the
Austrians,
particularly
at the seigc of I,islc.
Thev contained
glass, small pieces of iron, 8s~. and were said to be mixed
with a greasy composition,
which
was impregnated
with
poisonous
matter.
In 1792, they were deposited
in the archives of Paris.
Poisoned
balls, according
to authors, are composed
of meaI
powder four parts, pitch six, rosin three,
sulphur
five, assafetida
eight, extract of toads’ poison twelve, other poisonous
made into balls in the manner
we have
substances
twelve,
mentioned.
See Poisoned
hrm~.

It will be sufficient
to observe,
that red-hot
shot, as an incendiary,
are considered
fully
adequate
to perform
the effect which they are designed
to produce.
The balls are ignited in a coal fire on an iron grate, in a furnace cons1ructed
and, when thus heated,
are thrown
from
for the purpose;

guns, !hr sj)ace between
the powder and haI1 being filled up
with a piece of cvood of the exact diameter
of the gu12, 01
with wet hay or grass, to prevent the ball from setting
fire to
the powder.
With rer;pect 10 r;hain balls, composed
of two balls linked
together
bar a ch:~in from twelve inches to four feet in length,
and designs ct to clcslroy palisadoes,
woodt:n bridgq
and chevaux-rlr-friLv
of a fortification;
stang-balls,
or bar-shot,
called IIJ- some, halls of two heads, made by uniting,
by means
of a bar, half
shot; and anchor
balls,
filled
with the same
composition
as ligllt-l)alls,
with some trifling
variation
in the
ball itself,
kc.--thy!;I~C all used as destructive
weapons,
which belong more p;uticularly
to the service of artilleq~.

Jvcr. IX.

c”f Pitched

Tow-team

tcf~i Fu.P(‘ilws.

I’ourtenux
are employed
to illun :i::atr: the passages of riThey are pIz1ce:3 ia portable
Amterns
or
vers and defiles.
in tire- grates.
They are us~cl ~!i~i~iiy
to light up the works
~ t he covert way, and to
of the beseiger,
when !icx .!p‘;iY:‘it .l.‘C’S
burn the gabions
N:L 1 $.,stincs, with which he constructs
his
passage to tht- :ii h-i!. ?‘arrcd
links are nothing
more than
old junk or r)‘lt
I tic,ci~~s, tilppd into a composition
of pitch, suet,
lin~;atc! r,ii and turpentine;
the junk beil2g cut intolengths
of
-(i,r C’.T;‘i ;.< fct,
which is called
a link.
The Tourtenux
gozi’ “5.. ‘T,’ c:/” the French are the same, and formed
of old rope,
u h , ,-:; ; ; ucl;G3ted,
imn-nersed
in pitch or tar, and afterwards
kf. ‘3 dry.
The French
make the Tortrteazrs
~YU~~&O~LI~~ il:
TrPkc tv;.;‘c;ve pouqris of tCu’ or pitch,
the following
manner:
six i>ounds of tallow,
and thr*:::
i-jr)t~ of linseed
oi!; melt
:3?2d dip t\vix:ucd I->’z.zi:s of rol’e of any length
them togethciI[ fi:;~:. :XY required
to burn slow,
into the boi1ii!;~ r:list~:rt:.
arc added.
4s po”“‘fs
OF i~min await t::;i: po~~‘;ds of turpentine
SOillCItir3eS
t0 ifli: CC~1~~~G!-~~l ~:!I-~ &itch,
tallow, and iinseed oil,
are &led
two IXIP’~T c.!‘ r,:lft~~tre’,
one part of s+hur,
and
Tr~urteaux,
according
to Bigot,
are
half a part of n~;timon:;-.
n2ad~ in the foi~o;vi~~~ !:,ail:ler:
O!d cords or pieces of match
are beaten with n:a:ieri;
LO take OI.I~ the dirt,
and prepare
‘i’hey are uniwisted
a little
them to receive the r.om;>ositioc.
t;~r I hc :iame porpl)se.
I’hey
31-e then cut into pieces about
fl’,‘C !i,C
* t i11 leng.h,
and each Is intc:t\x;ined
to form a circle of
~ivc 01’ sis !LIG:;CS of external
diamct?r,
making
a hole at the
came
LT71? in tht: middle
for the p;lssage of the point of the
!antcl!-c.
l’hc ape, bcin .q thus prepared,
is nest boiled
in the corn*

'I'orches

.;lTc. x.;
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or l%fmhenz~,~..

position
given below, for the space of ten or fifteen minutes,
and then laid upon a wet plank.
‘I’be~ are a second timr
and thrown
into cold water, tc;
dipped
into the composition,
give them again, by hand, the circular
figure they may have
lost.
Flower of sulphur
is now put over them, and they arc
dried in the shade.
Com~Jositio~z

for

?bz&l~trcrl~s.

Pitch
.
.
.
.
.
Turptntine,
*
q
.
,
Rosiri,
*
.
I
Mllttun
tallow,
.
.
.
Linseed
oil,
.
,
.
.
Venice
turpentine,
.
.
s

Pitch,
.
‘T’urpentink,
.
Suet, or tallow,
Linseed
oil,
.
Spirits
of turpentine,
\I’htin

a great

ill~~miiI;itiO~l

Ol*

.

.
.
.
.

.
.

.

-c

1 -c
1 --

.

.
.

4

*

.
.

.

24 parts.
12 -6 -c

.

18 parts.
9 -4 --1 -1 --

quantitv
of links are to be made, either
fo:
for li;;hiing
a city,
the oil may be omitted.
cost Ic”ss, and they will answer
the purpose

The links will
equally
well.
Fascines
are made of strips of \vood,
or dry twigs,
ox’
wine shoots, which are the best, of the length of fourteen
or
sip; tczn i riches.
They are tied in bundles
of four or five inchcs in di:lmeter,
with a cord or iron wire,
and then boiled
in the co:n:jnsition
for tourteaux,
and thrown
into water to
used to give light to the works
cool.
They are principally
of an enemy,
and to set fire to the passage of the ditch.
Fdsc:nes are of different
kinds,
In fortification,
they are ;z
kind of &got, made of small branches of trees or brush wood,
tied in three, four, five, or six places? and are of various
dimensions,
according
to the purposes
intended.
Those that
are to be pitctrcd
over for burning
lodgements,
galleries,
or
any other work of the encn-my, should be one and a half ottwo

feet

long.

,

Sx.
We have
with niilitarv

S.

Of Torches

0~ Xl’lnmbeaux.

allre::dy
spoken
of torches,
but in connection.
pyrotfr:hn!-,
we may add, that they are used to

give light during night marches, and for other purposes.
They are made in the following manner.
Boil, in a mixture of equal parts of water and saltpetre, old
cords or old match, well cleaned and untwisted.
Take them
out and dry them; then cut them in pieces of four and a
half feet in length. a1:d tie four of these pieces with twine
to a cylindrical‘
piece of wood, of the same length, and an
inch in diameter; so that the whole together may be from
two to two and a half inches thick.
Dip this torch into a liquid made of equal parts of meal-powder
and sulphur, mixed
together with * randy, in which
some gum has been
dissolved.
Fill the intervals of the pieces of cordage, with
a paste, composed of three parts of sulphur, and one or
quicklime.
Dry the torch, and when dry, turn it gmiy
round, and finish it by pouring on it the following
composition.

Turpentine,
.
.
O
1
Venice turpentine,
e
.
.
Beeswax,
.
*
a
.
Sulphur,
.
I
o
L
.
Camphor,
*
n
.
.

32 part:;,
4 --

SQ -12 -6 ---

An0 ther.
Pitch,
.
,
.
,
j
Turpentine,
I
.
‘
Venice turpentine,
,
.
”
Torches or flambeaux may also ‘c,i: -lade without the central piece of wood.
‘l’orches caught to have the quality of burning, let the WC~I~=
ther be what it mav. The following method of making then;
is also recommended.
Take four large cotton matches, t:rree or four feet long,
boil them in saltpetre, and arrange them round a pine stick;
after which cover them with priming powder and sulphur,
When dry, cover the
made into a thin paste with brandy.
matches with the following composition; viz. ~lbs of ydiow
wax, asa much white pitch, 12 oz. sulphur, 6 oz. camphor,
and 4 oz. of turpentine: melt the whole together.

Powder bags are little sacks, that contain four pounds of
powder.
They are of great use in besieged places. The!. .~re cast
by the hand, set fire wherever they fall, and very ml,c;~~ Ib:cimidate troops making an assault, They are made with ~,xx!
It
coarse cloth. Their width and size are not determined.
‘l’he sides only
is sufficient that they can be easily thrown.
are sewed up. In charging them, we begin by tying ant: tincl
with strong packthread.
Then turn it inside out, so that
the ligature may be within, and fill it with powder, ramming
it down with a cartridge form, proportioned
to the bag, until
it is full. Then put in the fuse, the large end inwards, 2nd
tie the bag tight.
Afterwards
the u&de
is covered with
tar, or pitch.
Sec. XII.

Of the Pow&r

Bard.

A powder barrel is a common barrel, filled with powder,
lo roll from the top of a breach, or upon the head of a sap
from the glacis. The barrel contains from 100 to 200 pounds
of powder, and is covered with a cloth.
A hole is made at
each end, in which a fuse may be fixed, of such a size, that
the fire may be comrnt~nicated to the powder, at the moment
when the barrel, rolled from the top of the breach, is met by
the troops mounting to the as~u~ri.
English writers state the diameter of’ powder barrels at 16
inches, and 30 or 32 inches in length, ahd cnpaSlc of holding
100 pounds of powder.
The quantity of p~wd~:r put into
the111 is 90lbs; into a half-barrel,
45lbs; and into a yuarterbarrel, used for rifle powder, only 2;ilbs.
This proportion
leaves a space for the powder to separate when rolled, or
otherwise it would always be in lumps, and liable thereby to
damage.
Sec. X111.

Of the Burning

or Illuminating

Jkwrel.

This barrel differs from the thundering barrel, which
shall describe in the following section, only in having no
nades; and when it is placed upon a glaeis, it lights up or
covers the works of the besieger.
It has a fuse in only
of Its ends.
When shavings are boiled in the composition for links

we
greclisone
and

fascines, or of tourteaux, and arranged layer by layer, scattering, over each stratum, some priming-powder,
the combustion
must be rapid, when the barrel is set an fire.
Fire barrels, we may observe, ,ve of different kinds. Some
are mounted on wheels, filled with composition,
and intcrmixed with loaded grenades, and their outsides full of sharp
spikes. Some arr placed under ground and have the effect of
small mines; and others, as the kind we have mentioned,
are
USC~ to roll down a brtach
to prevent
the entrance
of the enemy’ The following composition
has been used for the same
purpose.
Com@tiwt

Grained powder,
Pitch,
Saltpetre,
Tallow,
-

for

Fire-Barrels.

-

-

-

-

-

_

JJll,s.
-

12-

-

&--

-

-

3-

‘l’his is employed ior the same purpose as the preceding,
or to light up the. works of the besieger at the foot of the
glacis. dt has the same dimensions
wirh the other, but has 170
COWI*.
It is Ned with chips, (clipped
into the composition
of the tourteaux),
tween each layer,

which are arranged
in layers,
ptltrin;:,
bemeal-powder,
and grenadf s, ~LII i:ir i:r t!, :viti;

their fuses, or with pieces of musLr*; !x~Y!.(~!s.
last layers

are made

with

tow,

buil~~i

in: ti,-

‘m’ Ii! :

ii 1’131

:tnri

c;ii CA’.? ccjmtjo-

sition. The barrel being f~li~rl, it i5 ih::u cic,wxi ant.1 primed
in the same W:LI- as the po~dcr
barrel, with a bomb fuse ac
each end. IIoleli ar’c malie along the barrel to assist tlit- combust:oi:.
Ctl’,‘n;idt’s
are emploved.I
in particular
to prcvl’llt
the
approach
of persons to extinguish
the flame.
The; invention
of bombs is said to be owing to ScoCand,
and to the siege of St, Andrews.
In the ,4)-t 0f‘ TVur (says
the Antholo~+.z
Hibemicu,
vol. iii, p. 174) printed
at Venice,
WG are shown the representation
of a hogshead,
coated with
colki ileaded nails, in which there is enclosed a barrel ot

gunpc\vder, suspended in the ccntre by an iron tube, which
communicstes at both ends with the open air.
This engine,
we are told by the author, killed $58 persons b>- its exploGon in the i*osse.

#Ward

SEC. XV.2

Sec. XV.
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Of the Petard.

The petard is used to break down the gates and barriers
of small towns, and even their walls, by hanging it against
them, and setting fire to the fuse. Its invention is ascribed
to the French Huguenots
in 1579, who, by means of petards,
took Cahors, in the same year. It was invented, as others in-

form us, by the celebrated Coehorn.
The petard is a hollow piece of iron, either cast or wrought,
of the figure of a truncated cone, and usually eight inches
high, and nine and a half inches diameter at the bnsta, the
metal
being five-sixths
of an inch thick at top, and half an
inch at bottom.
It is open at the large end; and thr small
end, which is rounded, is pierced with a hole, in lvhich is
placed a brass fuse, filled with composition, in lieu of which,
however,
an ordinary
bomb-fuse,
or a quick-match may be
used. It is furnished
with four trunnions,
(one and a half
inches by one), to receive the iron staples, that are attached
to an oaken plank, eighteen inches square, and two and a half
inches thick, and reinforced
b&m
by two iron bands, in rhe
It has two iron
form of a cross, nailed and dove-tailed
in.
handles to carry it by, and to hook it to a screw, fixed in the
gate intended to be broken. It is filled with gunpowder.
When the petard is to he loaded, it is filled with powder
to within three inches of the bottom. Some folds of cartridge
It is
paper are then put in, atld a bed of tow well rammed.
finished with a hot cement
made of one part of rosin, and
two parts of ground
brick,
or Spanish
brown.
A plate of
iron four or five lines thick is set into this, that fits the inside of the petard at that part.
It is furnished with three
iron points, to be driven
into the plank. A petard, ready for
use, weighs eighty-five
pounds, and contains nine pounds of
powder.
Dimensions

Exterior
Exterior

diameter
height.
Thickness

Trunnions,

Fuses,
371

of the Petard.

of the opening
.
e
.
.
L
.
At the height,
of the metal,
In the middle,
At the bottom,
Length,
IHeight,

9‘j

8
Q
2
&
lj
1

hcendiary
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Five- Works.
Inches..

Length and width,
Thickness,

Blank,

18

2;
According to Ruggeri,
a petard is filled, after warming
it, with three fingers of powder, which is moistened with
brandy, and then compressed without crushing it. On this
powder, a quick match is placed, which is also compressed;
after which, it is filled with composition previously
melteda
The composition is as follows:
Composition

for

Petards.

4 parts,
Pitch,
G
.
.
sSulphur,
.
.
I
1 -Saltpetre,
.
,
l.
.
Antimony,
After introducing
one-half of this mixture, when melted,
we put in the iron Flate, which rests on the composition, and
then add the rest of it, which finishes the operation.
Sec. XT%

Of

the Stink-Fire

Lance.

This lance (Lance ci feu puant of the French) is prepared in the same manner as stink-pots, and is principally*
used by miners. When
a miner or sapper has so far penetrated towards the enemy, as to hear the voices of persons in any place contiguous to his own excavation, he first
of all bores a hole with his probe, then fires off several pistols through the aperture, and lastly forces in a lance h fetr
puant. He takes care to close up the hole on his side, to prevent the smoke from returning towards himself. The explos
sion and fetid gas and vapour, which issue from the lance,
and remain on the side of the enemy, infect the air so much,
that it is impossible to approach the quarter for three or four
days. Sometimes, indeed, they have had such instantaneous
effect, that, in order to save their lives, miners, who would
persevere, have been dragged out in an apparent state of suffocation.
The composition
of ordinary
fire-lance has been given,
rhey are sometimes used to set fire to fuses.
The fire-pot is a vessel made of clay, with two handles,
in which a grenade pith powder is confined, and which is
thrown against an enemy, after the match has been lighted;
but a stink-pot is a vessel, tilled with combustible and other
matter, used in boarding ships, &c,

The suffocating pot is another
expresses, to produce suffocation;
sist only of sulphur and nitre, the
duces this effect is the sulphurous
Composition

Sulphur,
Nitre,

for

contrivance,
as its name
and, as the materials congas which principally pro
acid.

Su~ocating

I

:

Pots.

. 6 parts,
. 5 -

ae

Connected with this subject, we may mention another
composition, to produce smoRe, which is used either in mts,
or balls. Hence, the sntoke-pot, and smoke-balls.
The following is the composition.
Composition

Grained-powder,
Nitre,
.
Pitch,
.
Sea-coal,
.
Tallow,
.

for

Smoke-Bulls;

.

4

.

*
a

*

.
?i
.

10 lb%

*

2 3l-

The coal and pitch produce the smoke, and the gunpowder and nitre promote the combustion, and, with the tallow
render the product of combustion more offensive.
Sec. XVII.

Of the
Manner

Combustible
Substances
used
of preparing,
a Fire-Ship.

in, and the

A fire-ship is a vessel, filled with ctimbustible substances,
and fitted with grappling irons, to hook, and set fire to the
enemy’s ships in battle, &c.
With respect to the preparation required, some knowledge
may be had by considering the following particulars.
From
the bulk-head at the fore-castle, to a bulk-head to be raised.
behind the main chains, on each side, and across the ship at
the bulk-heads, is fixed, close to the ship’s sides, a double row
of troughs, two feet distance from each other, with cross
troughs quite round, at about two and a half feet distance,
which are mortised into the others. The cross troughs lead
to the sides of the ship, to the barrels, and to the port-holes,
to give fire both to the barrels and to the chambers, to blow
open the ports; and the side troughs serve to communicatethe fire all along the ship, and the cross troughs.

The timbers, of which the troughs are made, are about
five inches square; the depth of the trough,
half their
thickness; and they are supported by cross-pieces at every
two or three yards, nailed to the timbers of the ship, and
to the wood-work,
which encloses the fore and mainmasts.
The decks and troughs are all well payed with melted rosin,
On each side of the-ship, six small port-holes are cut, from
fifteen to eighteen inches large, (the ports opening downwards), and are close caulked up.
Against each port is fixed an iron chamber, which, at the
time of firing the ship, blows open the ports and lets out the
tic.
At the main and fore chains, on each side, a wooden
funnel is fixed over a fire-barrel, and comes through a scuttle
in the deck, up to the shrouds to set them on fire. Both funnels and scuttles must be stopped with plugs, and have sailcloth or canvass nailed close over them to prevent any accident happening
that way by fire to the combustibles below.
The port-holes, funnels, and scuttles, not only serve to give
the fire a free passage to the outside and upper parts of the
ship and her rigging, hut also to allow the inward air (otherwise confined) to expand itself, and push through
those
holes at the time of the combustibles being on fire, and prevent the blowing up of the decks, which otherwise must happen from the sudden and violent rarefaction of the air.
In the bulkhead behind on each side, is cut a small hole,
large enough to receive a trough of the same size as the
others, from which, to each side of the ship, lies a leading
trough, one end coming through a sally port, cut through the
ship’s side, and the other fixing into a communicating
trough,
that lies along the bulk head, from one side of the ship to
the other; and being laid with quick-match, at the time of
firing either of the leading troughs, it communicates
the
fire, in an instant, to the contrary side of the ship, and both
sides burn together.
Having thus described this preparatory arrangement,
we
shall consider, in the next place, the combustibles made use
of in fitting up a fire-ship.
‘The fire-barrels for this purpose are cylinFire- barrel.
tirical, on account of that shape answering
better both for
filling them with reeds, and for stowing them between the
troughs,
Their inside diameters are about 21 inches, and
their length 33. The bottom parts are first filled with doubledipt reeds, set on end, and the remainder
with fire-barrel
composition, made of the following substances.

Preparation

of Fire
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fat- 1Tpe-barrels,for.f~.e-slrips.

Conzjmition

Grained Powder
Pitch
Saltpetre
Tallow
-

-

-

-

-

-

12 -

-

-

30 lbs.

-

-

-

-

6 3-

-

There are 5 holes of three-quarters
of an inch in diameter,
and 3 inches deep, made with a drift of that size, in the top
of the composition, while it is warm; one in the centre, and
the other four at equal distances, round the sides of the 5qrrel.
When the composition is cold and hard, the barrel is primed by well driving these holes, full of fuse composition, to
within an inch of the top; then fixing in each hole a strand
of quick-match twice doubled, and in the centre hole, two
strands the whole length; all which must be well driven w’th
Then lay the quick-match all within the barmeal-powder.
rel, and cover the top of it with a dipped curtain, fastened on
with a hoop to slip over the head, and nailed on.
Bavins.
Bavins are made of birch, heath, or other sort of
brush wood, that is both tough and quickly fired.
Their
length is 2 I-Z to 3 feet. The bush ends are all laid one way,
and the other ends, tied with two bands each. They are dipped, and sprinkled with sulphur, the same as reeds; with this
difference, that the bush ends only are dipped, and should be
a little.closed together by the hand as soon as done, to keep
them more compact, in order to produce a stronger fire, and
to preserve the branches from breaking in shifting and handling them.
for

Composition

Rosin
Sulphur, coaise, or
Pitch
.
Tallow
Meal-powder

.
roll
.

.

.
e

l

.

.

m
.

lbs.
90 -

120

.

e
.

n

Bavins.

60 6 12 -

These are ten inches long, and 3.5 in diIron Chambers.
ameter; breeched against a piece of wood, fixed across the
holes. Wh en loaded, they are almost filled with grained
powder, with a wooden tompion well driven into their muzales, They are primed with a small piece of quick-match,
thrust through their vents into the powder, with a part of it
banging out; and, when the ship is fired, they blow open the

ports, which either fall downwards, or are carried away, and
accordingly give vent to the fire out of the sides of the ship.
Curtains.
Curtains are made of barras, about three-quarters of a yard wide, and one yard in length. When they are
dipped, two men, with each a fork, must run the prongs
through the corner of the curtain at the same end. Then
dip them into a large kettle of composition,
(which is the
same as the composition for bavins,) well melted; and, when
well dipped and the curtain extended to its full breadth,
whip it between two sticks of about 5.5 feet long, and 1.5
inches square, held close by two other men, to take off the superfluous composition hanging to it. Then immediately sprinkle sawdust on both sides, to prevent it from sticking, and
the curtain is finished.
Kceds. They are made up in small bundles of about 12
iuches in circumference,
cut even at both ends, and tied with
two bands each. The longest sort are 4 feet, and the shortest 2.5, the only lengths which are used. Qne part of them
is single dipped, only at one end; the rest are double dipped,
that is, at both ends. In dipping, they must be put about 7
or 8 inches deep into a copper kettle of melted composition, of
the same kind as that for bavins; and, when they have drained
a little over it, to carry off the superfluous composition, sprinkle them, over a tanned hide, with pulverized
sulphur, at
some distance from the copper.
With respect to the stores,
required for a fire ship of 150 tons, the following
complcment is given: viz.
Fire barrels
Iron chambers Priming composition barrels
Quick-match
barrels
Curtains dipped
Lang reeds, single dipped
double dipped
Short reeds
-L single dipped
Ravins, single dipped
-

7
r

*
-

=

-

L
-

3
-

-

-

-

-

No+
8
1%
3%
2
1
30
150
75
75
209

The quantity of composition, for preparing the stores
fire ship is as follows:
For 8 barrels; grained powder
960 pounds, pitch
pounds, tallow 80 pounds.
For 3 barrels of priming
composition,
saltpetre 17’5
sulphur 140 lbs. grained powder 350 lbs, rosin 21 lbs.
pots 11.

of a
488
lbs,
oil-
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For curtains, bavins, and reeds, and sulphur to snlt them,
as artificers call it; sulphur 240 lbs. pitch 350 lbs. rosin 175
Ibs. tallow 50 lbs. tar 25 lbs.
Total weight of the composition 3017 pounds, equal to
26 cwt. 3 qr. 21 lbs.
The composition, required for the rods and barrels, is onefifth of the whole of the last article, which is equal to 160
Ibs. making in the whole, 3177 lbs. or 28 cwt. 1 qr. 13 lbs.
Adye (Bombardier
and PocRet Gunner)
has given two
general for mulx for the composition, used in fire-ships, w hictl
eve will here insert.
Composition

for dippi32g

glla curtains,-.

reeds, Gmins,

Rosin,
Coarse sulihur, * . ’ V ’ ,
Pitch,
.
.
.
.
. ’
Tallow,
.
.
,
L
. *
Mealed powder,

120 lbs

l

90

12 -

l

Composition

-

60 6 or 8

for priming,

Pulverized
saltpetre,
.
Rosin,
.
.
.
Sulphur,
e
.
.
Meal-powder,
.
s
Linseed oil,
.
x
The composition put in cases, to
sies, is sometimes used in fire-ships,

.

.
*

22 lbs. 8 oz

.

2 c- 11 -

.

18 45 0 1 pint.

e

0
set fire to fascine batte.
vix.

Composition for setting $re to Fascine Batteries,
Meal-powder,
Saltpetre,
Sulphur,

.

.

.
.

.

1 lb.
.

.

l

. ’
e
.
l

.

4 oz.

6 -

1 c

8 oz,

There is also another composition,
which might be used
advantageously
for the same purpose, and which is employed
for hoops, fire-arrows,
and lances, namely:
Composition for Hoops, Fire- Arrows,
Meal-powder,
Saltpetre,
Sulphur,
Linseed oil,
The composition

.

e

. * *
.
.
l

e ’
.

.

a
a @e ’
O
.

&PC,

I Ib38 oz.

8 -

of kitt, used for the last covering

of car-
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my thin and hot.
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when ve-

of Kitt.
k
.
*
e
9 lbs.
.
.
.
.
. 6 ,
.
5
.
.
6 I
.
.
I
.
1 -

Composition

Rosin,
Bees’ wax,
Pitch,
Tallow,
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On Infernai

Machines.

The Machines
Infemales
of the French, which have excited so much attention in Europe, we deem of sufficient importance to describe.
This invention
is by no means new, although it has been
attributed to the French.
It appears that Fredric Jambelli,
an Italian engineer, was the first that used them, when Alexander, of Parma, besieged Antwerp.
The Prince of Orange
likewise had recourse to the destructive effects of an infernal.
machine, in order to bombard Havre-de-Grace,
and to set it
on fire. The Dutch and English, in conjunction, attempted
to destroy St. Malo by the same means. The first instance,
however, upon record, in which the French made use of this
machine, was when Louis XIV
ordered a vessel, carrying an enormous shell, full of every kind of. combustible
‘matter, to be despatched to Algiers, for the purpose of deThis, it is supposed, suggested the
molishing its harbour.
use .of. fire-ships, which have frequently been used against
maritime places.
tom, xxii, p. 222,
The author of the CEuo res
speaking of the infernal machine, observes, that, if .h-e we&
to be in a situation, which required the use of so dreadful
an explosion, especially to destroy a bridge, he would prefer
having the machine made simply with different strong pieces
of wood, joined together, so as to be in the shape of an egg,
or of a cone reversed.
The whole must then be made compact with cords twisted
round. This method, in his opinion, is not only the best, but
can be executed in the most easy and expeditious manner.
We further adds, that, in order to burn or blow up wooden
bridges, and even to destroy such as are constructed upon
arches, several sorts of barges or boats might be used,
which should be filled with fire-works,
bombs, petards, &c.
It would, likewise, be easy to construct these machines upon
floating rafters, carrying several thousand pounds weight of
gunpowder,
which might be confined within strong pieces
of wood, put together in the manner already described,
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These
machines
shoulcl be piled one above another,
and
long iron bars must be throw;
across the floats, or be.fixed
tike masts; so that, when the whole of the combustible
material is beneath the centre of the bridge,
the rafters may be
stopped.
Great care must be taken to dispose the matches
in such a manner,
that no fire may be commuuicatrd
to the
gunpowder
before the machine
reaches the exact spot, which
is to be destroyed.
In 1804, an infernal
machine
was used at Boulogne,
which
1s described
as follows:
This machine
appears to be as simple
in its construction,
it6 it is calculated
to be effectual in its operations.
It is composed of 2 stout planks,
17 feet long, which form its sides,
and are distant from each other about 7 feet.
These planks are connected
by transverse
timbers,
screwed
and
to the planks; so as to keep the whole firm and compact,
to prevent
the danger of their being separated
at sea.
Of
these transverse
timbers,
two are a; the fore extremity,
and
three behind.
This
may be called,
the frame or hull of the
machine;
the remainder
of the work,
being
either
for the
stowage of the combustible
matter,
or for the accommodation
Along
the transverse
of the seamen,,who
row the machine.
timbers,
at both extremities,
are laid parallel
to the sides,
five longitudinal
bars of nearly the same strength
as the
which
f:,rm a kind of grate,
on which
transverse
timbers,
the coffers,
containing
th t’ combustible
matter,
are placed.
The grate behind
is double
the size of the one before,
on
the principle
of giving
facility
to the motion
of the whole,
by making
the machine
lighter
at the head.
in the centre,
between the planks
forming
the sides, from the inner extremity of the grate behind,
to the 0ute.r extremity
of the grate
before,
there is fiixed a plank,
somewhat
broader
than the
which
is well secured to them by three stout
side planks,
transverse
timljers,
which
pass under the centre plank,
to
prevent
its giving
way to pressure.
1~ this plank, two triangular
apertures
are cut for men who
row, to dispose of the lower extremities,
whilst they ply the
‘l’heir
seats, however,
are so contrived,
that each
machine.
man’s pressure
is directly
over that part of the plank, which
is supported
by the transverse
timbers.
The seats lie nearer
to the head than to the hind part of the machine;
perhaps to
be some counterpoise
for the greater weight of the combusNear each seat are fastened
by rings
tible matter be hind.
to the sides, two oars, one on each side, and each man plies
a pair.
When the machine
is worked to its destination,
the
2 u

men set the combustibles in a train for explosion, and abandon their posts.
‘The whole is so rcgulhted, as to weight of materials, that
the machine floats, or, more probably, moves under the surface of the water; so that little more than the heads of the
men arc seen.
This secures the men and the machine from
the fire of the enemy; and as the oars must he constantly
plied under water, there is less danger of their being discovertid by their noise, as they approach.
Infernal machines have also been made, to be used on
land. Such is the machine we are ttild, which was intended
for the destruction of Bonaparte. They may be made to explode at a given time, h> clock-work, or by a match, calcu
!atrd to bUril a certain time!
Of the Cutamclr.tla.

s’ec. XIX.

The catnmarin, properly so called, is a floating raft, originally used in China, and among the: Portuguese as a fishingboat. The Indian catamarin consists of two logs of wood,
upon which the natives float, and go through the heaviest
surf.
The military or naval catamarin is a different thing.
It is
properiy a case, f&d with combustibles, and contrived to remain so low in the water as to be almost imperceptible.
This,
being towed to the building,
or ship, against which the
attack is to be directed, is left to explode, by means of machinerv within itself, when its operation is sorn~ times very
destructive.
English writers acknowledge, that the catamarin, submit.,
ted by the late Mr. Pitt trt the English government,
and
which cost in its construction a considerable sum, was originaliv invented by our countryman, the late Mr. Fulton, of
who~c invention we will speak hereafter.
Some observations on a boat, named, by the French, Chekiq~lrs, and the Indian catatnarin, may be seen in the Dietionaire

de l’h~dustbe,

article

Bateau.

Several diving machines have been invented in France and
M. Czstera (Archives
Jes Decouverte,
iii, p*
elsewhere.
18.5) describes
a +r@n~
t3ont, which resembles in figure
a cone. It is furnished with a reservoir,
calculated to hold
water, and may be filled or emptied by means of pumps. By
means of glasses and copper handles, the navigator is enabled
to see and to take hold of objects,
It is also furnished with
tubes for the transmission of the air necessary for respiration,

that communicate from the interior of the vessel with the
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atmosphere; and a double bellows, designed as well for receiving, as expe:ling air. Hesides oars or paddles, necessary
to move it under water, there is a contrivance lor detaching
the boat from the reservoir, either wholly or in part, according to circumstances.
M. Caseera, in a memoir on sub-mnrine
nuvigrrtio~~,
11~s
noticed several applications of the pLunqing boat, which may
be seen in the Bulkti)l
de Ia Sociktt! d’ Encouq-ement,
No. 71.
In No. 61, of the same work, is the first notice of Castera’s
invention,
an extract of which may be seen in the A&&es
de.3 Decomertc,
ii. p. 121.
A description
of Eutgendorf’s
boat may be seen in the Xzgazin
der Er-nduqen,
No. 46,
Sec. XX.

Of the

American

Turtle.

It is well known that the diving bell, and similar contrivances, have been used for naval purposes, in connection
with naval warfare.
Divers, or those who made it a business, by long habit
and experience, to remain under water, and go to a great
depth, were often employed in war to destroy the works and
ships of the enemy.
When Alexander was besieging Tyre,
divers swam off from the city, under water, to a great distance, and, with long hooks, tore to pieces the mole, with
wl1ic.h the besiegers were endeavouring
to block up the harbour. ‘I’he invention of the diving-bell,
the campnna winatoria of some, is generally assigned to the sixteenth century;
but it is evident,
from the writillp
of Aristotle
and others,
that, in his time, divers used a kind of kettle to enable them
to continue longer under water.
At the pearl fisheries, in the Bay of Condalzchy,
in Ceylon, divers usually remain under water two minutes.
‘i-here
are some who can stay five minutes; and a diver
from Anjano, engaged in this fishery in 1797, was able to remain six
minutes under water.
But their efforts are so great, that,
when they come up, Mood frequently
issues from their
mouths, ears, and nostrils.
Idotwithstanding
this, they frequontly dive from forty to fifty times a day, and bring up in
a bag-net a hundred oysters each time.
It may be proper td observe, that the subject of sub-marine navigation was largely descanted upon by Mersennus,
(Tractatus
de A&.xg-netis Proprietcrt~hts),
and by Bishop
Wilkins (Huthematical
L%agic,
164S), who, by the way, is
The conveniences and advantages he enurather visionary.
merates, are: 1. ‘ Privacy, as a man may thus go to any part
Qf the world invisibly, without being discovered or prevent-

ed.

2. Safety, from the uncertainty
of tides and tempests,
8-x. 3. It may be used to blow up, or undermine
a navy: 4,
Or to relieve
a blockaded
place, &c.
But, with regard
to
the use of sub-marine
vessels in war, Mr. David
Bushnel,
of Saybrook,
Connecticut,
appears to be entitled
to the credit
of the invention.
His account
of it may be seen in the Transactions of the American
Philosophical Society.
‘fhe intended object of this vessel was to destroy shipping,
by the explosidn
of a magazine
of gunpowder.
In Silliman’s
Journal of Scieme and Arts, vol. II, p. 94, is
a communication
by Mr. Griswold,
on the subject
of Bushnel’s machine,
with an account of the first attempt
with it, ix1
August,
1776, by Ezra Lee, a sergeant
in the A.merican
army, to destroy some of the British
ships then 1~ ing at New
York.
&Tr. G;iswold
remarks,
that, considering
the invention of Mr. Bushnel
as the first of its kind,
it will be pronounced
to be remarkably
complete
throughout
in its construction,
and that such an invention
furnishes
evidence
of
powers,
which
must rank him
those resources
and creative
ss a mechanical
genius of the first order.
He has given i description
of it; but the outline
whichwe
give is taken from Akholson’s Journal, quarto,
iv, p. 229.
It is a decked boat, to go under water: and several persons
have gone under water many leagues.
The difficulty
is, to
provide
the persons in the boat with fresh air for respiration;
and this is contrived,
by having
a reservoir of air, of suitable
dimensions
to the size of the boat, and the number
of perpump, the air, in this
By means of a coltdensing
sons in it.
reservoir, is condensed about ~0 times; and by a spring, the
air is let out at intervals,
as circumstances
require,
the carbonic acid produced
by respiration
being absorbed
by quick-lime.
Within
this boat are flaps, like those of a rundle,
to
move the boat, two rudders,
one vertical,
the other horizontal, and a pump to empty the hold, or air reservoir.
‘i’he
person within,
can, at pleasure, come to the top of the water,
The
different
experiments
made
by Mr. Bushnel
may be
seen in the Transnctions
referred
to, or in iVzchoLso~z’s Journal, quarto, iv, 229.
Fulton,
Mr.
Mix,
and some
During
the late war, Mr.
others, made various experiments
with submarine
machines;
and during
the revolution,
the incendiary
kegs, well known
by the name of the “battle of the ke,cs,” excited no small attention,
and, had it not been for some unforeseen
circumstance,’ they’ would,
in all probability,
have produced
the
effect for w-hi& the>r were intended,
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Of Bushnel’s vessel, we may observe, that, in the fore
part of the brim of the crown, as it is called, was a socket,
The tube
and an iron tube passsing through the socket.
stood upright, and could slide up and down in the socket,
six inches. At the top of the tube was a wood screw, fixed
by means of a rod, which passed through the tube, and
screwed the wood screw fast upon the top of the tube. By
pushing the wood screw up against the bottom of a ship, and
turning it at the same time, it would enter the planks. When
the wood screw was firmly fixed, it could be cast off by unscrewing the rod, which fixed it upon the top of the tube.
Behind the submarine vessel, was a place, above the rudder, for carrying a large powder magazine.
This was made
of two pieces of oak timber, sufficiently large, when hollowed out, to contain 150 lbs. of powder, (130 Ibs. according to
Griswold,)
with the apparatus used in firing it, and was secured
in its place by a screw, turned by the cperator.
A
strong piece of rope extended from the magazine to the
wood screw above mentioned, and was fastened to both.
When the wood screw was fixed, and to be cast off from its
tube, the magazine was to be cast off likewise by unscrewing it, leaving it hanging to the wood screw; it was lighter
than the water, that it might rise up against the object, and
apply itself when fastened.
Mr. Griswold remarks, that the most difficult point of all
to be gained, was to fasten this magazine to the bottom of a
ship.
Within the magazine, was a machine, constructed to run
any proposed length of time under twelve hours.
When it
had run out its time, it unpinioned a strong lock resembling
a gun-lock, which gave fire to the powder.
This apparatus
was so pinioned, that it could not possibly move, till, by
casting off the magazine from the vessel, it was set in motion.
This skilful operator could swim so low on the surface of
the water, as to approach very near a ship in the night without fear of discovery, and might, if he chose, approach the
stem or stern above water, with very little danger*
He
could sink very quickly, keep at any depth he pleased,
and row a great distance in any direction he desired, without coming to the surface; and, when he rose to the surface,
he could soon obtain a fresh supply of air; when, if necessary, he might descend again and pursue his course. The
prc:jector found some time and attention to be requisite for
the gradual instruction of this operator, and, after varioun

attempts,
he found
one, on whom he thought
he could depend.
He sent this man from New York to a 50 gun ship,
He went under
the
lying not far from
Governor’s
island.
ship, and attempted
to fix the wood screw in her bottom,
but
struck,
as he supposed,
a bar of iron, which passes from the
rudder’s
hinge, and is spiktid under the ship’s quarter.
Had
he removed
a few inches, which he might
have done without rowing,
the projector
has no doubt
but he might
have
found
wood, where he might
have fixed the screw; or if the
ship were
sheathed
with copper,
he might
easily
have
pierced
it.
But, not being well skilled
in the management
of the vessel, in attempting
to row to another
place, bt: lost
the ship.
After seeking
her in vain some time, 11e rt)w~d to
some distance,
and rose to the surface of the water, but
found day light
had advanced
so far, that he durst not renew the attempt,
He says, he could easily have fastened
the magazine
under the stern of the ship above the water, as
he rowed up to the stern, and touched it before he descended.
Had
he fixed it there, the explosion
of ISO~!-JS of gunpowder
(the quantity
contained
in the magazine)
must have
been fatal to the ship.
In his return
from the ship to New
York,
he passed near Governor’s
island,
and thought
he was
Being in haste to
discovered
by the enemy on the islancl.
avoid
the danger he feared, he cast off the magazine,
as he
imagined
it retarded
him in the swell, which was very considcrable.
After
the magazine
had been cast ofT an hcjtir4
the time
the internal
apparatus
was set to I tin, it l~lcw ui:
with great violence.
Mr. Griswold
gives an account of nn attempt
to destroy
a ship of war; and having received
his information
from Mr.
Lee, one of the adventurers,
WC: have thought
proper to introduce
it from that source.
“It
was in the month
of August,
1776, when Admiral
Howe lap with a formidable
British
fleet in ?Scw York bay,
a little above the narrows,
and a numerous
lirilish
forc:c
upon Staten Island,
commanded
bv General
PIowc’, threatened
annihilation
to the troops under Washington,
that 1P5r. Bushncl requested
General
Parsons,
of the Arnerica.n
army, to
furnish
him with trvrj or three men to learn the navigation
of
his new machine,
with the view of destroying
somca c)f the
~-nem~-‘s shippIng.
Prrrsons immediately
sent for Lee, then 2 bCl’geant, 2nd two
V,J~O had ofltxcd
their
services
to
others,
go on board
a fire ship; 3rd
011
f3ushneI’s
request
being
made known
to them. they enlisted
themselves
under
him

l (j;1pl.;i;

for this novel piece of service.
The party went up into
Long Island sound with the machine, and made various experiments with it in the different harbours along shore; and
after having become pretty thoroughly
acquainted with the
mode of navigating it, they returned through the sound; but,
during their absence, the enemy had got possession
Th ev therefore
1~::
Long Island and Governor’s Island.
Idheile
the machine conveyed by land across from’ NW
to the Hudson river, and afterwards arrived with it at New
York.
“The British fleet now lay to the north of Staten Island,
with a large number of transports, and were the objectagainst which this new mode of warfare was destined to act.
The first serene night was fixed. upon for the execution of
this perilous enterprize,and
sergeant Lee was to be the engineer.
After a lapse of a few days, a favourable night arrived, and, at 11 o’clock, a party embarked in two or three
whale: boats, with Bushnel’s machine in tow.
They rowed
down as near the fleet as they dared, when sergeant Lee enrered the machine, was cast off, and the boats returned.
6‘Lee now found the ebb tide rather too strong, and before
;~e was aware, had drifted him down past the men of war.
He, IIOW~‘Ler, immcdi;ltely got the znachine about, and by hard
labour at the c::mk f’or the space of five glasses by the ship’:;
bells, two and a hnlh‘ ho~rrs, he arrived under the stern of
one of the ships at about slack water.
Day had now dawned, and by the light of the moon he could see the people 01:
board, and hear their conversation.
‘I’bis was the moment
for diving: he accordingly closed up over head, let in water,
:mtl descended under the ship’s bottom. He how applied tht:
screw, anti did all in his power to make it enter; but owing
probably in i>::rt to the ship’s copper, and the want of an adequate pressure, to enable the screw to get a hold on the bottom, his attempts all failed.
At each essay, the machine rebounded from the ship’s bottom, not having sufficient powe:
to resist the impulse thus given to it. he next paddlec!
along to a different part of her bottotn, but, in this manceuvre, ne made a deviation, and instantly rose to the water’s
surface on the east side of the ship, exposed to the increasing light of the morning, and in imminent hazard of being
discovered,
He immediately made another descent, with a
view of making one more trial; but the fast approach of
day, which would expose him to the enemy’s boats, and
render his escape difficult, if not impossible, deterred him;
and hc conc!uded the best generalship would be, to com-
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mence an immediate
retreat.
He now had before him a
distance of more than four miles to traverse, but the tide
was favourable.
At Governor’s island, great danger awaited him; for his compass having got out of order, he was
under the necessity of looking out from the top of the machine very frequently, to ascertain its course, and at first
made a very irregular
zigzag track. The soldiers at Governor’s island espied the machine, and curiosity drew several hundreds upon the parapet to watch its motions. At last
a party came down to the beach, shoved off a barge, and
rowed towards it. At that moment, sergeant Lee thought
he saw his certain destruction,and
as the last act of defence,
let go thz tn~gazine, expecting they would seize that likewise, and thlls all would beeblown to at(lnls qyrlxx-.
Providence, however, otherwise directed it: the enemy, after approaching within 50 or 60 yards of tht: machine, and seeing
the magazine detached, began to susilect a ycr~k~ rrick, took
Approaching
the city,
alarm, and returned to the island.
he soon made a signal; the boats came to him, nad brought
him safe and sound to the shore. The magazine, in the
mean time, had drifted past Governor’s
island into the East
river, where it esplodecl with tremendous violence, throwing
large columns of water, and pieces of wood that composed
it, high into the air. General ‘Putnam, with man; other
oflicers, stood on the shore, spectators of this explosion.
In a few days, the American army evacuated New Yc>i.t;,
and the machine was taken up the North 1Z~~:r, Aanot!lt:s
attempt was afterwards
made \I;; Lee, up(l:1 ;L t;%igare that
lay opposite Bloomingsdale.
His object now was to iasten the
magazine to the stern of the ship, clf~i:e at the water’s edge.
Hut while attempting this, the watci~ discovered him, raised
an :&n-m, and compelled him to abandon his enterprize.
tfe
therm cndeavoured
to get under the frigate’s bottom; but irk
this be failed, having descended too cleep. This terminated
his experiments.”
With regard to diving bells, several machines, for the
purpose of descending under water, &c. have been invented.
Some experiments have been made by the French with sitniEar contrivances, without any adequate result; and the difficulty of carrying them into execution, in real practice, will
prevent then- introduction.
Dr. Cmstic,
(Ten-&Q
Tractoratiau,
p. G5), in a note, in
reference to Bushnel’s invention,
observes, that if you consult the Transactions of the American Philosophical Society,
(‘you will see what Mr. D, Bushnel, of Connecticut,
has

done, and had like to have done, by virtue of submarine explosions.
You will find, that several English ships have
been put in jeopardy, and one schooner actually blown up
and demolished by Mr. Bushnel’s submarine er<pfosiolls .“*

The late Mr. F&on applied himself to the improverneniof the 2%1-t/e during the late war, and brought it t;) srrcil perfection, that if it came in contact with a ship’s !wttun:,
it
would inevitably 1111~)w
up the vessel. From the account WC
have given of the turtl+ we may readily imagine the construcm
tion of the torpedo.
‘l‘hese were of several kinds; some (or
rather the magazine attached to them,) were designed to be
screwed under the bottom. and others to explode by coming in contact with the vessel, or any resisting body.
The
time of explosion was so determined, by clock-work machinery, in the manner of Bushnel’s contriv:incc that it would
invariably explode at the minute or second required.
Mr’. Fulton wrote a number of essays on this torpedo, and
other contrivances for annoying the enemy, such as the harpoo::, kc. ‘I’hr torpedo, at which tile Britishships, stationed on
our coast, WCTC so much alarmed, is in fact a powerful weapon of destruction.
Ir is to be observed, that the magazine,
accompanying the .4~il, in some instances, was detached; so
that the latter was removed out of d;111ger, when the former
. was fixed to the ship’s bottom. Tn order to prcvcnt the torpe7 Lee’s a,!venturc, jllst related, brings to mind a;ll;th.::~, bji z mnn 0;
:,hc SZIIICTialilc. not, Iluwcver, with a submarine torpedo, or any tiirng or
that kind; id! w~t.ir a sublunnr aerostatic vessel, made about two or three
years ago, at Camden, opposite F’hiladelphia.
This was a bailoon of an
oblong shape, irtlcndcd !s float iir the air like a ship on waler, and furIt was Alled with hydrogen gas. The object
nished with oars or wings.
~a$ to direct it, (a dcsidcratum
in aerostation),
like a vessel on water,
but the aeronaut, having aro~ iu his car to the height of a lombardy poplar,, \:-hich came in coniaet &!!A it, and judging a retreat was preferable,
jeapcd on a limb, where he had the rn Lrobrtune
to be caught
by the seat oi
his pantaloons, and appeared, II~5 it mcr’e, suspended between heaven and
The balloon
earth, to the no small diversion of thousands of spectators.
ascended lo some heig!lt, and then turned, throwing out his sand hags, kc.
which, in the city, were taken for 1i.c unfortunate
aeronaut, 2nd produced, of course, a contrary feclinq
idee calleil on me the next day,
antj. in explanation of the cause, nbserr cd, thzt, when IIP a>cended to ii10
height mentioned, he found the ccntre of gravity 1~;rs .hiltlng, aad thought
I observed, th3.i. it Iras well h,: changed hii;
! t i~rlldellt
1lOt t0 venfurt?.
gravit-,
but was sorry to find, that hc h:ic! tr~usferred
his ccntre a p~tc
-jorj*

do from floating against the sides of a vessel, the precaution of
having netting spread at some considerable distance rotmd
the vessel, and of keeping up a constant guard of boats, which
were rowed round the ship both day and night, was used.
Not having the writings of Mr. Fulton before us, we can
give no preci;r description of his improvements.
They arc
described to be an apparatus, of which the principal piece
is a copper box, and prepared with an interior spring, which
sets fire to the powder; at the same timtx that the whole is
enclosed in a covering of cork, or some other light wood, to
make the torpedo float under the surface of the water.
It will be sufficient to remark, that they h:ive produced
the
efect of cal!sing a constant, and,‘in our opinion, painful anxlet>- to the 13ritisb. Of this we have atlundant proof.
We
map’ add, however,
the result of some r;f the experiments;
b\- *which it will appear, that they arc eminently calculated,
Iil;e the infernal machine, to produce death and destruction,
In consequence of some essays, published bv Mr. Fulton,
on the practicability
of destroymg ships by torpedoes, several persons turned their attention to this subject; among whom
was a Mr. Mix of the navy. S’lr. Mix’s intention was to destroy the shi;’ of nar Plantagenet, of 74 guns, lying in Lynnhaven bay. Ila\rirlg made a torpedo, Mr. Mix, accompanied
&:- t\\‘o gentlemen, one of whom was a midshipman,
proc&~~x! in a boat, on the night of the 24th of July, 1813, and,
haI-ing reached within 100 yards of the ship, dropped the
torpedo. It was swept along by tile side, I;ut Lspioded a few
seconds before it would havr come ill ctintact with
the ves*‘it consterr~tion and confusion
sel. It produce’d, however, I’;, t‘s..L
on board the vessel, and induced st-veral of the crew to take
is their i)oats. The ship was gre2!lVS
)’ agitated, and some cla+nai_;t’done by the violent motion oi the water.
The noise,
~cx;~xiont:rl by the explosion, was loud and trcmcndous;
and
the nppcarance of the water, thrown up in a column of thirty
or forty feet high, awfully sublime.
It has not been ascertained, that any lives were lost.
The case of a 19-Ir. Penny, of Easthampton, Long Island,
;S connected with the subject of torpedoes.
He was carried
on board the Ramilies, and put in irons; because his name
had been entered on the books of one of the frigates, as havuning Eeen ” rw fdoyed in a boat, contrived f3~ tlte pq!!oss,
1,f &.‘I’ t.!;c ,‘<:;;u.Jq’
&d
of TfLomas Welling,
p-qad
) tc L!cStl’C~y finis (Capt. Hardy’s) s/zip.”

with

a toy-e-

i-E0

The ail-air cf Stonington, also, shows, that the British were
determined to ~wnisb the inhxbitarts
for
having,
as captain

Hardy expresses it, prepared
tot pedoes; and ;he cnp~aic st;!:,
ed, in his replv to the deputation
from the tosv~:, thsit the
bombardment
&ould
cease, in case the inhabitants
wo:lld engage that no iorpedoes
should be fitted out by them.
Ko torpedoes, however, were: fitted out at Stonington,<+
Mr.
Fultnn
made a number
of experiments
with the tnr’
pedo, in the harbour
of New York; and one vessel was cornpletely
cut in two. These experiments
were very satisfactory to all who witnessed
them.
The greatest
difficulty
he experienced
XX in giving
them
a proper direction,
50 as to hit the vessel intcndeti
IO TV de:;=
troyed.
This he acknowledged
to a friend, prirtcs~or
EE:~t~,;~,
of Troy,
who informed
us of the Lzc~. He cbntertained
nL*
doubt
whatever
of the effect of the ttirpedo,
when once
brought
in contact with a vessel.
At Havre,
in France,
&Pr. Fulton
constructed
a sub-ma>
rine boat, sufficient
to contain several men, and air for eight
haurs, and strong enough to bear submersion
to the depth of
one hundred
feet, if necessaryfn this boat, he remained
an hour under
water, made
half a league
of way in that
time,
with
his boat horizontally
situated,
and at various
depths,
where he found that the compass traversed
cxnctly,
as on the surfart,
To the boat he attached
a machine,
by
means of whir,!3 be bltl\v up a lighter
in Brest Harbour.
While
in France,
in tile time of the Mepu!Jic,
1Mr. F. directed his attention
to this >,ubject. His Bateau-poisson,
described
in the Dictionnaire
de I’l~~~~~isl/.;e,
vol. i, p. S.5, is of
the same character.
A number
of <xpcrinlC:lts
performed
\-+4th it are given.

We purpose CC nr;tlce,
’
under this head, two contrivances,
which
have been used, the one in the revolution,
and the
other, during
the late war with Great Britain.
The piece of poetry, called the: Battle
GJ’ the Kc~,
.written by the late Francis H,?pkinson,
Esq. of Pi11Iselelphia,
IKKrating the incendiary
kegs, is founded
on this colitrivance.
For the purpose
of destroying
the shipping
at Philadelphia, which was then in possession
of the British,
some forty or more kegs were fitted up 3,~ Burlington,
N. J. or in its

neighbourhood,
containing a quantity of gunpowtl~r.
These
kegs were connected in such a manner, that, while they
formed one float, when one exploded, the whole would go
off. This arrangement was also made with another, if our
information
is correct, which consisted in a trigger connected
with a gun-lock, Cone or more kegs having the same); so
that, when the triggers went off, by the casks coming against
any thing, in floating down the tide, the whole would explode at the same time. There is one of the original kegs in
the magazine of Fort Mifflin.
We apprehend,
however,
that the contrivance was more like that of clock-work, set to
a given time, like the torpedo of Fulton; but of this we have
no certain account. These kegs were towed down the river, within a mile or two of the city, and were seen about
sunrise opposite to it. They did no execution; but, if they
ilnc? been taken to a given spot, instead of being left to the
dir cctio;) uf the running current, and then properly adjusted.
uo doubt the ef?cct would have been as the contriyer calculated. It excited, however, no small sensation at the time.
Of the other contri~ anct’, we have the following account:
A Bfr. Scudder ( H&f OYyOJ the late J&r, Fr’ca.p. 187) formed
a design of de:.trc-ing the British ship Ramilies, of 74 guns,
off New Lctntion. For this purpose, IO kegs of powder were
put into a strong cask, with a quantity of sulphur mixed into it. At the head of the cask were fixed two gun-locks,
with cords fastened to the triggers, and to the under side of
the barreis in the hatchway; so that it \v;ts impossible t@
hoist the barrels, without springing the locks each side of
the powder.
On the top wertl placed a quantity of turpentine and spirits ofJturpentinc,
which in all probability were
These
su%cieut to destroy any vessel that ever floated.
I;c:,~ \$~rz put on boartl the smack Eagie, which sailed frcrn
New York on the 15th of June, for New London; but
which the crew abandoned, on being pursued by the boats of
the enemy. It was expected,
that the vessel would be brought
nlongsitle the Ramilies, and, by exploding, destroy that ship.
‘I‘he wind dying away, and the tide being against them, she
c~!uld not, very fortunately for the enemy, be brought alongsicic. When the Eagicexploded,
there were four boats alongyide,
and a great many men on board of her. After the
t splosion, thele was not a vestige of the boats to be seen.
.I body of’ fire rose to a vast height, and then burst like a
rocket. Every man, near or about her, was probably lost,
as the boats sent from the Ramilies were seen to return witb3ut I‘icking up any thing,

.

1n relation to similar enterprizes, what could have been a
more daring ant1 hazardous enterprize, than that of lieutenants Wadsworth, Summers, &c. who, by a previous agreement, dt:termiued,
if they were likely to be captured by the
Turks, to blow themselves
up in the fire-ship, which they
had prepared to destroy the enemy’s shipping, in the harhour of Tripoli?
Their fate is too well known, lamentable
as it is!

The marquis of Worcester, irz llis ce~tzir~j 0f hventions,
inventions
nir:e and ten, speaks of certai:r
conrrivanccs
for
the destruction 0:’ vessels, which seem to have been of the
kind mentioned: DLL “ An engine, portable in ones pocket,
which may be carried and fastened on the inside of the
greatest ship, tanquam
uli^uc? C~~E?ZS;and, at an appointed
minute, though a week after, t>ither of a day or night, it
shall irrecoverably
sink that ship;” and “ a wav from a milt
off, to drive and fasten a likebengine f-0 ally s!?i:;, so :I$ it may
punctually work the same effect, eithrr X;r t~mt: or execu: i on. 71

I‘lle $UIQZLY & TIEI*, or sea lights, are so called, from the
particular apl:licatlt~~~ f)f this fire.
It is sonx4mc.s rcc;l.rircd :tt st’a to throw light upon the
to
prceive
the apwater, and around the \‘c’35(.1, irk ortlcr
proach of an enemy. This is eff‘eri~ al 13; the composition for
sea lights.
A tube must be formed of not less than three inches in
and clcven inches in length+ A shield is then
diameter,
adapted, of four times the CL-tcrior diameter of the tube or
case, which shi~l~l is to be mac!e of wood, and attached at
about the distance c~f out-fourth
of the length of the tube:
and near the entl of the orifice.
The cnx or tube ic:., rr,2!~
*L charged with the following comWXiti0n:

Saltpet

CT,

Sulphur
aTeal-powder
Antimony,

:

*

,

*
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.
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P
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wood, 1,~ boring it out, abler Ixlng charged, is prir~~~cI in thp
usual manner, inserting in the cntl, at the same time, :t piece
of quick-match.
When dried, it is wrapped in paper fo:
better preser\*ation.

and covered
with three coats of paper,
the last of which is
pasted.
The cases are choaked
at one end, and in the niche
of m4-powder,
is placed
a stmnd of tow, and a priming
‘P’hev arc loaded,
by means of a
moistened
with brandy.
yod, three-fourths
full ‘of the composition,
ancl again choaked
The remainder
is filled up with powat half thei:* height.
der, to make a report.
If a serpent with stars is to be made,
4~. haif the case is filled
with the serpent-composition,
and
the rest with
t,hat for stars.
Serpents are placecl
upright
in
down.
:h e pot, the p:-inling
Compositio?2JLr

:~li;-lrv~zt:; ,Jiw t~i2mnkg-

Meal-powder,

Zkiltpetre,
Sulphur,
Charcoal,

.
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The star composition
is the same a:< 1x5,~
git7cn.t
It is
,nixect
made into balls or cubes,
in the s;tme manner,
d’hc pctartls or crackers are small cubes of paper, filled
with
2r;finrc.l
gu~3poV~de~.
They
art‘ wrapped
with two layers of
jg~;~~~i th~ad,
which is drawn tight in every direction.
‘I’hq
:Irc djj)p:!
in t2r t!: give them more consistence,
and pierced
2nd l)rirnc:i
wli!~ q~,ir:k match.
We have already
given the
theory
of the flight (~1 rtrcl;t.ts in the first part of this work;
and also the opinions
oi MaAr~ttr:
;irl<l X.)x-. 13e~iaqulicrs.
On
this head, therefore,
further
ol;~~,~!.*-:llif,n
seems ‘unnecessar).
Wt have said, however,
that it is :ii:C~~,:-;;if-~~, ftj~- gjvi,Iq
t]lc
xxket
a suflicient
degree of motion,
that tile !:OIVC!(T \gjir]iiI:
LE.< rucket be bored with a tapering
cavity from
I~CS c hokc,
and at the choke this cavity must be as wide as the choke it..
self, and at the further
end, not more than half that width,
‘Phe length
of this bore mutt
be but one inner
diameter
of
xhe rocket,
short of the whole height to w?lich the rocket is
mnmed.
The use of a3qis bore,
it is to be otxervccl,
is to
increase the surface,
that takes fire at once; that a greater
l,od!+ of iire may issue out of the mouth of the racket.
From
with which the fire issues out, the rocket rethe vehemence
ceives its motion.
We have seen, that rockets
are used in
all fire-works
that have motion;
for cases charged
give motion to wheels of various
kinds, and act on the same princ.i
pie.
Such works as are thrown into the air after the mar-met
-)f bombs, are, however,
an exception.
iAIA(l

The rocket-stick is a necessary appendage.
n’hcn very
heavy, to prevent mischief by their fall, they now bore the
sticks, and fill them with powder, that they may shiver in the
air before they fall.
That the stick keeps the rocket perp<~ndicular is obviou5.
If the rocket should begin to tumble, movi~tg round a point
in the choke, as being the common centre of gravity of rockek
and stick, there would he so much friction against the air,
by the stick between the centre and the point, and the point
would beat against the air with so much velocity, that the
reaction of the medium would restore it to its perpencti~~dar
ity.
If’hen the comilc.,sition is burnt out,
a:ld 1.11:’ima;>uls,
upwnrds 11% censc(t, [be common centre of grzvit~.
is brought
lower towards the middle of the stick.
Hence the velocitv
of‘ the point of the stick is decreascrl, :~l~l r;hnt of the poiit
of the rocket increased; so that the whole will tumble down,
with the rocket end foremost.
11~1i~g the combustion of the
rocket, the common centre of gravity is shifting and gttting
downwards, and fasrcr and lnwcr as the stick is lighter.
In the I-%ilos~~~lr~.ic~/TIa~zsactio~, (vol. xlvi, p. 578) and
Robins’s lilathemattcal
rfi-~~~t~, (vol. i, p. 3 17, kc.) are sundry experiments, and observations
concerning the flight of
rockets; and as these experiments appertain more to military
purposes, the following
extracts may, on that account, bc
useful.
Mr. Robins, considering the great use &at may by ma&
ofrockets, in determining
the position of- distaa:: pIacts, and
in giving signals for naval and nzl!itnr;r ~~urposes, procured.
some, with a view of ascertaining
chc height to Ivhich theyrise, and the distance at which they may be seen. The
greatest part of them did not rise to above four hundred
yards; one to about five hundred;
and one to six hundred
yards nearly.
The greatest distance at which these were
observed, was from thirty-five to thirtv-eight
miles. Others
were fired at a different time, one of which rose to six hundred and ninety yards; and it was obscrvcd, that the largest,
which were about two and a half inches in diameter, rose the
highest.
In some siabsequent experiments,
conducted by
Mr. Da Costa, Mr Banks, &c. it was found, that, of two
rockets, of about three and a half inches in diameter, one
rose to about eight hundred and thirty-three,
and the other
to 915 yards.
In another trial, a rocket of four inches in
diameter rose to one thousand
one hundred and ninety
yards. In other experiments, a rocket of one and a half in*:Faesrose to seven hundred and forty-three
yards; one of

two inches to six hundred
and fifty-nine;
one of two and a
half inches to eight hundred
and eighty;
another
of the same
size to one thousand
and seventy-one;
one of three inches to
one thousand
two hundred
and fifty-four;
one of three and a
half inches to one thousand
one hundred
and nine; and one of
four inches rose to seven hundred
yards,
and, turning,
fell
to the ground
before it went out.
Uesides
these, there was
one of the rockets of “ twenty. four
inches
in diameter,“*
which
rose to seven hundred
and eighty -four
yards,
and
another
of the same size, to eight hundred
and thirty-three
From lhese experiments,
it is inferred,
th:tt rockets
yards.
from two and a half to three and a half inches in dinmcter,
are sufficient
to answer
all the purposes for which they are
intended;
and they may be made to rise to a height,
and to
afford a light capable of being
sezn to considerably
greater
distances
than those just mentioned.
Before
we mention
the war-rockets
of Congrevc,
it may
not be improper
to speak of the Lndim
rockets,
which are
used by the native troops of India, and which were employed
against the British,
with great effect, during
the seige of Seringapatam
in 1799. These rockets are made of iron, and are
lashed to a bamboo
cane.
The weight is seldom
more than
two pounds,
or less than one. The forc?yette, or Indian
rocket,
resembles
in shape
a sky-rocket,
Tvizose jight
is gradually
brought to mn crDn?%ra horizoxtd
dil-e&on.
By throwing
several
fougettes
into parks of artillery,
and upon caissons,
8~. considerable
damage
might
be occasioned
from the fire,
which would inevitably
be cGmmunlc:~ted
to some part.
A
fougette
forces itself immediately
forward,
cuts :ls it penetrates, bv Ehe formation
of its sides,
which
are tilled with
small spikes,
becomes
combustible,
and on fire at all its
points, and possesses within itself a thousand
different
means,
by which it can adhere
to whatever
object
it is destined
to
set on fire or destroy.
A French writer even asserts,
that
this weapon
would
be more
effectual,
becansi: it might
12:
more variously
applied,
to defend
the mouth
of a harbour
against an enemy’s
shipping,
than red-hot
halls can ever
prove; and we are also told,
that, by means of tlicir narural
velocity,
they would do more execution,
in a 1~~s space of
time, than the most active piece of ordnance
could effect; and
they would
also require
fewer hands,
as the only necessary
operation
would be to light and dart them forwax&
The fougette,
called also in FrrDch
the Buguetfe ~2 fk7
* Four inches mwi! likeiv.
3Y

has received improvements
in France, which we will notice
hereafter.
In favour of these improvements
and their applicntion, we are told, that, to do execution at a distance, especially in sea-fi,qhts, fougettes may be so made as that they
mtiy reach shai)pi;:g It a great distance, and with a given
velsci ty ,
The Conqreve rocket is a new species of war-rocket,
invelltcd by Sir William
Congreve.
This incendiary rocket
drew the attention of the European nations, after the attack
of the British on Copenhagen; where, we are informed, they
did incredible execution.
‘I’his rocket may be considered to
be a car&r of fire. Th:.tir effect, however,
in the Chcssapeake, and elsewhere, during the late war, -+9lastrery rriRiug7
They seemed, in i‘nct, little calculated to il~~u~e and more to
intimidate. :. They differ from the common rocket as well
in their magnitude and construction,
as in the powerful nature of their composition; which is such, that without the encumbrance ofany ordnance, (the rocket containing the propelling power wholly within itself), bdls, shells, case-shot
and carcasses, may be prcj’ected to the distance of one thousand to three thous;:ntl ;;ards. The principle of projectile
force is so greatlv increased, as not only to triple the flight of
small rockets so.formed, but also to allow of the construction
of rockets of such dimensions, as, on the ordinary principles
13f combination, would not even rise from the ground, and of
>uch powers of flight and burthen, as have hitherto been CGIsidered altogether impracticable.
On the basis of this increase: of power, C:o:izreve 2:as sue‘1‘h C) arc iormcd of v;;r;ous
ceeded in making this roclrcl,
dimensions, as well in length as if1 caiiL.:r. and are differently
armed, according as they sre iritcuded for the field, or for
bombardment
and conflagration;
carrying in the first in:-tance either shells or case shot, and in the second, for the
purpose of destroying shipping, buildings, stores, &c. ;I peculiar species of composition, which never ihils of destroying every combustible material with which it comes in confact. The latter are called cczrcnss-rocRets, and were first used
* CcneralLallenlalld
(Trcatix
on A?,rtiiicry, vol. i, p. 26,) observes, thaf
the ( ‘c.ngre~erocket is thirty inches in length, and three nud a half inches
in diameter; that a part ofits charge conai\!s of fire stoue and sru;lll gren24es; th3t thP)r range is equal to a long guu, hut their direction is very
Irnc:erlailr; su rnnch so as to render them of little service, except to set
tir-c to ohjecfs
with cstensive
surfaces- , and that they will not pierce
f!wough solid buildings, and in battle XC at best only fit to frighten

:lorses’

at Boulogne in 1805, after many experiments,
which were
made by Congreve, at Woolwich.
The attack in 1806 was
merely desultory, in which not more than 200 rockets were
fired.
The town was set on fire by the first discharge, and
continueci burning for near two days. After the affair at Copenhagrn, which established their reputation, it appears that
a committee of officers, who had witnessed their effect in
that !>onrbardment, pronounced tht:m to be “I( power@ mxliiuq fs 7,:~pa-escnt system of tzrtill’rrij.”
At th ;:. 1;;” of Flushing, they appca~’ to 11:1vcbeen used
with success , a!!:1 qc-neral ,Vlonnet, the French commandant..
mde a for-mti rrrrlo~~ztr~~ce to lord Chat!lam respecting the
use of them in that liombsrdment.
The rocket system‘ was
also tried with success, and the crown prince of Sweden was
the first general, who bore testitlriunv to their effects in this
service.
,4t the men~orable battltz ot I,eipzig, they proved,
we are informed, a powerful weapon7 and also, when the
British arm!’ under Wellington, crossed tile Adour. In 1814,
a rocket-corps was established in the British servicu.
General de Grave transmitted, to the Socir,t:; OS Encouragcment of Paris, a Congrtve rocket, or an English incendiary rocket, which was found on the French coast. ;41[.
Gay-Lussac
esamined it. ‘I’he case was made with gray
paper, and painted.
The inflammable
matter was of a yellowish-gray,
and ihc sulphur was distinguishable
with the
naked eye. It burnt with a quick flame, and exhaled sulphurous acid gas.
According
to his analysis, ,t’drchives
des ,dAxouvcrte, ii,
-XXI), the composition gave
Nitrate of potassa,
.
.
.
7.5.oo
Charcoal,
.
.
e
.
. s i
1.6
Sulphur,
_
.
.
.
.
.
23.4
-m
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Gay-Lussac, after deterinining
the proportions of the con.stituent parts, made a composition of a similar kind, and
charged a case, which exhibited the same properties as the
English rocket.
The great general point of cxccllcncc of the rocket system,
if we may judge from the account of English writers, is the
facility with which all the natures of this wcnpon may br
Irs peculiar applicability
to navai
conveyed and applied.
bombardment is said to rest on this property, that there i:
no reaction, no recoil in the firing of the largest rocket; 5‘2
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that by this means carcasses, equal to those projected by the
largest mortars, may be thrown from the smallest boats.
Its
peculiar fitness for land service is, that it is a description of
extremely powerful
ammunition
without ordnance, so that
the burthen of mortars and guns is dispensed with, and all
that is to be carried is actual available
missile matter, capable of range, and of many of the most important
elects of
the heaviest artillery.
The rocket system, as a system of ammunition without ordnance, is highly extolled by British
writers.
We will now speak of their construction.
All rockets designed for service are cylindrical, having strmg metallic cases,
and armed, as WC before observed, either with CEI~CXT~composition for bombardment
and conflagration,
or with shells
and case shot for field service.
They arc, however, of various weights and dimensions, from the eight-inch carcass or
explosion rocket, weighing nearly three hundred weight, to
t-he six pound shell locket, which is the smallest size, used in
the field.
The sticks, which are employed for regulating
their flight, are also of different lengths, according to the
size and service of the rocket; and which, for the convenience of carriage, are stowed apart from the rocket, and so
contrived as to consist of two or more parts, which are connected to ir, and to each other, when requisite, with the utmost expedition.
The 32 pounder rocket carcass, which is
the nature hitherto chiefly used for bombardment,
will range
WOO yards with the same quantity
of combustible matter as
that contained in the 10 inch spherical carcass, and 2ti00 yards
with the same quantity as that of the 12 inch spherical carcass. The 12 pounder rocket case shot, which is so portable that it may be used with the facility of musketry, has a
range nc-arlv double that of field artillery, carrying as many
bullc~ts as the 6 pounder spherical case. We may remark
flert‘, tllnt t?;e procjectile force of the rocket is well calculated
for tlac conveyance of case shot to great distances; because,
3s it proceeds, its ve7oci~~ is accelerated instead of being relarded, as happens with any other projectile; while the aver-3s~ velocity of the shell is greater than that of the rocket
O?ll\ in the rnti 0 of 9 to 8, Independent
of this, the case
sboi convey-cc2 by ths rocket admits of any desired increase
of VeIociiV -n its range bv the bursting of powder, which
cannot be-c~‘ii:;i,ined in any *other description of case.
Rocker. ammunition
is divided
into three classes, heavy,
medium,
and ii 3’0
0’ it. , the former
including all those above 42
lbs, which are denominated
according to their caliber, as
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tight-inch,
seven-inch, &c. rockets; ! he medium including
all those from 42 lbs. to 24 Ibs.; and the light embracing from
18 pounder to 6 pounder inclusive.
‘The carcass-rockets are armed with strong iron conical
heads, containing a composition as hard and solid as iron itself, and which, when once inflamed, cannot be extinguished.
A 32 pounder carcass rocket will penetrate 9 feet in common
ground.
They have been known to pierce through several
floors, and through the sides of houses. For field service,
the 24, 18, 12, and 6 pounders are commonly used. The
ranges of the eight-inch,
seven-inch, and six-inch rockets,
are from 2000 to 2500 yards, and the quantity of combustible matter, or bursting powder, from ~5 lbs. to 50 lbs.
These sized rockets are equally efficient for the destruction
of bomb proofs, or the demolition of strong buildings.
The
largest rocket that has yet been constructed has not exceeded
300 weight.
It is proposed, however, to make them from
half a ton to a ton in weight.
The 42 and 32 pounders, which are used in bombnrdmen~,
will convey from 7 lbs. to 10 lbs. of combustible matter each,
and have a range of upwards of 3000 yards. The 24 pounder is equal to the propelling of the coehorn shell, or 12 poundcr shot. It is, from the saving in weight, generally preferred to the ~2 pounder.
The eighteen-pounder,
which is the
first of the light nature of rockets, is armed with a nine
pound shot or shell; the twelve-pounder,
with a six do.; the
nine-pounder,
with a grenade; and the six-pounder,
with a
s lb. shot or shell.
The following table presents a general view of thy IXI~CS,
elevations,
and other particulars
of several of the most
useful descriptions of Congreve rockets.
ElevaExNature
of ammunition for
Armed with
1
trzme
tion.
extreme
/range.
range.
I
I

42 Pounder carcass
rockets.
;‘-2 Pounder
rockets.

shell

carcasses, large, 18
lbs. of combustibic 7’ yards.
matter; small, 12 lbs. 1
+ 3900
do.
Shells,

Ispherical,

54,

12

pr.

1

J

Elevation for
extreme
range,
not less
than 600

-----

z
Nature

of ammuni-i
tion.

Art22ed with

B-m--

-I
!-_I---Carcasses, large, 18 Ibs.l
32 Pounder carcass 5 of combustible
matter;
rockets.
medium 12 Ibs. = 13 inch
carcass;
Small, 8 lbs,--10 inch I
carca:;s,
32

Pounder

shell

.Il;,xtreme
range.
--I
I

ion for,
~st,rcme
‘ange.
-mc

yards.

2,000
2,500

3,000

shclts, 9 pr. spherical.
55”
.5Cl”

shot rockets.
32 Pounder

-Eleva-

explo-

5.5”

SiMt-l%&ets-.

45”

small, 48 carbine
450
___---.

.-

.---___I

--ll-------_-_f_

From the preceding table,it will be seen, thn!: the 32 pound
er carcass rocket will range ‘WOO J xrds, with the same quantity of combustible
matter as that ccntained in a ten-inch
spherical case, and 2500 yards, with the same quantity as
The twelve
that of the thirteen-inch
spherical carcass.
pounder case-shot rocket, which is so portable that it may br:
used with the facility of musquetry, has a range nearly double that of field artillery, carrying as many bullets as the six.
pounder spherical case: add to which, that, from the nature
of the combination of the rocket, these bullets are projected
from it in any part of its track, with an increase of velocity,
by which its operation becomes frequently
more dcstructlve
at that point, where any different species of ammunition
ceases to be effective.
Of this description of rocket-caseshot, one hurrdred soldiers will carry into action, $1~any situation where musquetry can act, 3oC1 rounds, and 10 frames
for discharging
them; from each of which, four rounds may
be fired in a minute,
Of the same description of case-shot,

horses
will carry 72 rounds, and iour
frames;
from
The rockets
which may be fired 16 rounds in a minute.
used by cavalry are twelve pounders, armed with a 6 pounder shell or case shot; each horse carrying four of these rockets. To detail the arrangement
of the rocket corps, the
weight of ammunition
carried by the troop horse, and other
particulars, would require more space than we can conveniently appropriate to these subjects.
TYe may remark, however, that the heavier species of
rockets, as the 32 pounder or 24 pounder, as also the 18 and
12 .pounders,
are sometimes carried in cars ot’ a peculiar de.
but are
scrlptzon; w hich not only convey the ammunition,
contrived also to discharge each two rockets in a voliey,from
a
double iron-plate trough. This trough is of the same length as
the boxes for the sticks, and travels between them; but being
moveable, may, when the car is unlimbered,
be shifted
into its fighting position, at any angle from the ground
ranges, or point blank, up to 45“, without i,eing detached
from the carriage. The limbers are always in the rear. The
rockets are fired with a port-fire and long stick.
When used by infantry, one man in ten, carries a frame of
a very. simple construction, standing on three legs like a theoclolite, :\ ht~n spread.
It is mounted at top with an open
cradie, frijIIi wftich the rockets are discharged, either for
ground ranges, 01 :ct riny required elevation.
When they are used for- I~ombardment,
they are discharged from frames of a differerit, ~h~,:!;,li sina:>ie, construction; and, in many cases, the frau]L., +i,+ rSlr+;jcrlscd with, as
they are thrown from a battery, erectetl fol tlli: i)urposc,
For the defcnce of a pass, or for covering tlicl: rctrcat oi
an army, the rockets are laid in batteries of 100 or 500 in a
row, according to the extent of the ground to be protectedl
One man may fire the whole.
With regard to their use in the naval service, some addi-,
tional remarks may be interesting.
We observed, that, i:l consequence of their being no ITaction in these project&c 3 on the point of discharge, rockets
may be used in the smallest boats of the navy.
These
rockets carry a quantity of combustil,le matter, and, according to the ordinary system, would require to be thrown from
the largest mortars, and from shiijs of very heavy tonnage7
The If! and 18 pounder have been tired from a four-oared
gig. They may be made to richochet in the water at tow
angles.
In boarding, they have been recommended,
to bc
thrown into the port holes of the enemy,
Thev have afsa
fbur

been rccommcnded for fire-ships, in order to produce an extensir-etand devastating fire among the ships of the enemy.
Besides the advantages, which rockets possess, and of
which we have spoken; namely, that it is a species of projectile, containing within
itself the propelling
power, b?
which heavy ordnance is dispensed with, and that an extensive fire may be kept up, by a few men, against any important point; there is another advantage said to be peculiar to
them; viz. that they may be employed in a variety of cases,
in which the usual artillery, from the nature of the ground,
or other impediments, cannot be rendered effective; and that,
in several bombardments,
in consequence of their trifling reaction, they may be thrown from cutters and small boats, and,
therefore, from points, which could never be approached by
the vessels, usually employed in that service.
With respect
to the expense of the formation of war-rockets,
calculations
have been made, by which it appears, that their cost is less
than the usual expense of carcasses.
We are informed on this head, that it is the cheapest of
all ammunition,
depending on the projectile force of gunpowder. For a 32 pounder carcass rocket costs only II. 1s. 1 Id.
complete for service, and its equivalent, the 10 inch spherical
carcass, with the c!iat-ge of powder necessary to convey it
SO00 vards, which power is contained in the rocket, costs
I/. ~s.-7r(., independent of any charge for the mortar, mortar
bed, platform, difference of transport, &c. A vessel of 3 00
tons will carry 5000 of them at least. Uct the compariso n,
as to the expense, is still more in ~‘:~VOIJI.
oi’ tl::: rocket, whe II
compared with the larger nature CL’c;Lt-ca:;~;e~. The 15 inc h
spherical carcass costs Il. 17~~ It ;.LL to throw 2500 yards ;
while its equivalent rocket costr; but I!. 5;. being a saving on
the first cost, of 12s. 11&d,
Notwithstanding
all the encomirrms, bestowed on the Congreve rockets by the English, the E’rench entertain a different opinion of them. For the following rem;;rks, we are indebted to Ruggeri, (Pyro~ecf~ni~ i’%litni~e, p. 278), by which
it appears, that Congreve was not the original inventor.
He
acknowledges, however, that they expericnwd
the sad effects
?jf them; and we do not offer this remark with any sort of
prejudice, but as an acknowledgment,
that the French expeHuggeri says, that the Conrienced their “ sad effects.”
greve rocket is nothing more thar, he described in his .~Tienza?ztscf Qu-otec/zny five years before they were known to
It is, therefore, wrong, he adds, that we rethe English.
It was invented, says he,
gard it as an English invention-

LJ :I naval officer
at Bordeaux,
and ought
rmt, he further
xm rt-ks, to be regarded
as a useful weapon in war.
The
h. L gxkes
‘-7
itasrJn
is, that
its utrlity
must
depend
upon
$~:cs
and circumstances>
Pf it is required,
he adds,
to
attack a fltrt,
we must employ
two or three huadrc~!
before
making
any impression;
because we cannot
direct
a firing
rocket, as a cannon or ball.
This is certainly
a great inconvenience,
We makes the cost aiso mnch
greater
than the
English
calculation;
namely,
for a single
one of them ten
times
more than for a red-hot
shot.
K uggc~i,
however,
is
candid enough to sav, that, notwithstanding
he &tiers in ;jpinion, he is far from opposing
any trials or experiments,
maJe
with the view of improving
or perfecting
it; but is decidedly
of opinion,
that it can never be employed
at sea with the
same advantage
as bombs a:ld cannon-ball.
Ruggeri
published,
in the ,7bz;r~0l qf Pal-io, in September,
lN9,
a letter,
in reply to a writer,
who had pubhshed
some
reflections
on incendi;;ry
rockets,
from
which,
as it throws
some light on this subject,
we shall here introduce
a few extracts:
“ Although
Monsieur,
the cannonier
of &tend,
may no2
have given the precise
construction
of the rocket,
wlrich v,e
name rhe kk~ -rocket,
anti of which the English
have made so
you,
that
criminal
a USC*, I will c<jmmcncc
at first bvassuring
I coincide
perfectly
with film, in the prelrrence
he gives to
howitzes,
bombs,
and other
pro.jectiles,
which are used by
civilized
nations.
He has irci’:< saG>factorilJdemonstrated
their advantages
over the Congrev:;
ri,c.ket.
I will only
add, that bombs
and howitzes
have also the ;l~.!t mt:zge of
being one-fifth
chtaper,
and projected
with greater
I‘:tciiity.
6‘ ‘The Congreve
rocket
cannot be of any particular
advantage,
bcca.nse it only carries fire to the place where it
falls; and if we wish to use them against
any vessel whatever, it is impossible
to assur -c ourselves
of a direction
on a
given point, as man;; difficulties
occur in projecting
them.
“ The merit of the invention
of these rockets
~UL‘S not
belong to the English.
“ ‘I’his invention
was made by a Frenchman,
n captain of
a privateer,
who made the first attempt
to use them about
seventeen
years since, (1795).
L(r ‘L’he English
have perfected,
or rather
have modified
this rocket.
:
“ It is sometime
since I offered a kind of bomb,
which
ma>. be. used with mo,re facility
than the common
kind.
This
honrb has the ac2vantage
over the Gonqreve
rocket:
Ist,
;2

l3erausz it is less trnublesomc to use; 2dlJ9, It rr~:cy be made
of any diameter or size? WI:~ conseq.uently suited to all calibe1 S; 3dly, The place and rime of Its fall is r-e:rdilv determined; and fourth, and I;bst-IJ-, It bursts into piecct’,, ;tn~I attaches itself to all combustible bodies, with which it meets,
6cIt remains for me to say, that it is not the powder which
moves the rocket, but a composition almost as strong.
‘l‘he
potvder, which is used in the Congreve rocket, is intendec!
to destroy the machine after it has produced its destructive
effects.”
See $%y-otechnk
L~lilil~ri~4c, p. 278.
The difference betwecll itlc eudiary rockets, and common
signal rockets, is in the interior. Instead of the furniture, QI
garnishing pot and head, a conical head of shtaet iron is substituted, in which several holes are made to suffer the composition it contains to burn more readily.. The composition
is the same as that for fire-rockets;
but’ is coarsely pulverized, and mixed with an equal quantity- of the composition of
with advantage to
fire-lances.
These rockets ;t:‘z ~mplqed
burn a city, or vessels 411a h::ri)ol;r.
The cone, with which
they are capped, enables ~l~rrn to penetrate the roofs of houses,
and set them on fire.
.% i . SNJl;

Sky- Rockets

(lXeurtriere5.)

The s~?n~~inary or ~~~z~~l’t’~iqI-ocRet is made in the same
?‘hey have neither head nor pot;
‘ii;illtlc:r R’: the preceding.
but, in t!leir place, they are furnished with a c,ont: of bente~
or solid iron.
This cone is the appenciag~, or wcapu~~,
which produces such destruc:;\rc ~CCL.&. ‘l‘ht2K rocke:t;,
when they fall upon the trocjili 01’ an c~t’my, wound them
very dangerously,
without :h<~ir Ix:~II~ able to prevent it,
The ad~antag,e, more particut:irly ricrivcd, is, that they may
!PCi:rc?jt cG from under COI’CT, and to double the distance of
crditlai~- nlusketty.
TO make use c;t‘ these rockets, a hx is
ionstlucti-d,
whose interior is so arrar:qetl as IO receive the
‘I’hcy should he placed in it with
rockets in regular order,
their sticks; and, theref’ore, the case must be made s&i&
cntly large to admit thetkr. Bv this contrivance, the rockets
‘Ire sheltered from the fire ana watct-. ‘1’0 discharge them,
the 1JOX is first inclined on the side next to the heads of the
I.ockets, and in the direction of the place, to which they arc
to be thrown.
A conlrnunication
is made Iry leaders, ill the
manner already mentioned in tht: preceding part of this work;
so that, when the match is fired, or a single rocket, they all
ar2 dischargccl at the same time. ‘l‘he mode of firing rockets
either sin&
cq in numbf:t’s, the manner of preparing the

. cases, the d&ercnt compositions, :HIC~t
and of furnishing them, &c. ard g..$\.ctn

when thrown into the air by IIIC~DS of one of his rockc:~~, ::II~
having reached the elevation oIc the rcxkcts’ asct’nt, is dctnc!~.
eci from it with an explosion, and rel:\::T:~s susptBr,ticd in tile
air by a small parachute, to which it is co:rncc:ted 111,a chain.
‘Thus, in ‘lieu <if the transient momentary g!t:;!m, c\itair?r.rl I-?v
the common light I,all, a permanent and !,rilliant i~gh: is &.
tained, and suspenc1c.d ill the air for five minutes at Icast, ::I)
as to aRord time and lii;ht sufficient to observe the motions
of an enemy, either on shore or at sea; where it is particularly
useful in chasing, and for giving di?;tant and more extensive
night signals.
!t is to be observed, tl-i:tt nothinq of this kind
can be obtained by the projectile for-r.c of either gyms 01
mortars; because the explosion inM!ilA>* cit:stroys anv-. cot1
. ..
struction,
that could be made to produce tit::
Ill
the air.
“~!ll;j3i3tlSiOtl

Sec.xx PI/. y theRoilliizg lc’odetcflrcass.
Congreve also applic >d his IC/Ck1-1, end the ljarachute, for
the purpose of conveying C(PIII/~II,ctil,iG- r03tter to distances far
beyond the range of any knowi, ~YOJ,L~~~L:~~JICV,at the sanl~‘
time that it is cheap, simple, and port:AL
‘L‘l~c; !Ioatlng carcass, like the light-ball, is thrown into the air, ;iLi,l<hcd t(, ;;
rocket, 1-conI avhich being liberated at its greatest altitude,
and suspended to a small parachute, it is driven forward by
the wind, asd wi!i, in a motieratc Lrc”ezc, afford ranges at
least double those of the common carcass. It may, therefore,
for naval purpobes, be thrown from a blockading squadron,
in great q:lantilies, by a fair wind, against any fleet or arsenal, Ltrithout the srnaliest risk, or without approaching
tvithin
The rocket containing the
range of either guns or mortars.
carcass is no larg‘cr than the 32 pounder carcass rocket; and
the whole expense, added to the rocket, does not exceed five
shillings.
Nor are the approaches of the carcass itself ne~~essarily visiijle by night; as it may IX s:) arranged, as not to
infinme, till some time af’ter it has settled.
It is evideiidy,
therefore, capat& of becoming a harassing weapon, if the account of it 11eir~c, and, among large ficets and flotillas, i:

may do as much injury
as any other carcass, bv* lodlying
unperceived
in the rigging,
or lighting
on extensive
arsc.nals, in
such situations,
where other mean; of annoyance
could not
be used.

The
Bigot,

frillowing

remarks

on the subject

of rockets

by 3’I.

(Traite d’ Artifi CE n’e Gzterre, p. 13 I,) may be mteresting to the reader.
’

Authors,
who have written
on rockets,
are of opinion,
that the height
of the diRerent
kinds of rockets
should not
be increased
on account
of their
diameter;
becalrse, as the
diameter
inerenses,
the rocket
also increases
in weight
and
5111-1;~c~‘;
and if augmented
in heikht
in the same ratio, its
power of ascension
would be feeble.
It is from this reasoning, together
with practice,
that they have determined
the
hetqht
of empty cases.
Some have given the proportion
of
six times their exterior
dinmrtr
r, and-others
again have made
them
a third
longer
tb:lll the piercer.
There
has resulted
from this diReren&
of opinion,
suclr an irregularity
in the
formation
of rocl,~~is, that artificers
or fire-workers
were left
in uncertaint\T
as t;) 111~ best mode to be pursued.
To avoid,
hOTV6:c’~cl-‘, I h1:; embarrassment,
if we consider
the diamrter
of tfre I?;~:~c:of the piercer
of any kind of rocket as one-third
of the cxtr>rior diameter
of the case, the small end must by
the one-sixth
part of it; and the piercer
and the cone are of
the same diameter,
and the surfa~t: of the one is equal
to
the surface of the other.
T\‘e mi :;ht roncl~.~de, accordingly,
that the increase of the height of tl-&e case, should be the same
with all kinds of rockets.
It ;~pp~ars Ly diGrent
authors,
Ihat the ancient
and modern
fire-workers
have fixed the dimensions
of rockets
and their piercers,
by various
cxperiments.
If we take for granted all the heights of the: r;ierr.ers,
or the rockets
themselves,
we 0Ltain
a curve of double
or
treble reflection,
whish is very evidently
in opposition
to the
above principles,
:u~rl of the law whi&
results from them,
Experiments
prove, that to make a good rocket of halt’ an
inch in dianieter,
the piercer must be five times and a third
of the same diameter;
and for a rocket of three inches, the
piercer,
or Lroach, as it is sometimes
called, is only four
times the diameter
in height.
‘IO determine,
however,
the
height of tile piercer
in general,
greater than the preceding,
it is found necc,sary
to have some satisfactory
result, in order to employ,
mathematically
speaking,
less times of the
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cxr:rior
diameter of the rocket. The half-inch and threeinch rocket are the extremes of an incredsin$ arithmetical
progression; and their equivalents, 5; and 4 diameters is the
extreme of a simihrr, hut decreasing progress; bit if we insert the same number of arirhmccical
mean between the
two extremes of each of these two progressions, and then
continue them initrtTerr ntlJ7, the terms of the first wiil express the diameter of as mani cliffcrrnt casts; :~nd those of
the second, the height of the corresponding
piercers.
They
will he, for instance, in the two following nroportirms:
*
13
14, Ax.
36;
‘I
6
7
8
9
IO
11
12
I
-r

5;;

5;;

5:;

5,“,

%A

SC,-

S-&

S-,‘,

4”<

StC. 4.

The first of which has unity for its common difference.
It
has been found, that, by inserting in each, a mean of 29, the
height of the piercers will correspond with the superior diameter, which is less, or regulated 1,~ their respective diameters. Besides, as the diameters go o’n augmenting, the rockets are proportionably
increased in height, but only in an inverse order, until the 58th term included, and beyond which
they dccrcase, until they become negative, which appears to
Indicate that the term appertains to the diameter of the
Xcket, azcl without any uncertainty.
It results from the intimate relation of these two progressions, that, in stoppin~rt, at the 58th term, if we bring back on
an axis as it were, the: height of the piercers, we obtain a
straight instead of a curved line.
l3igot has given two tables relative to the construction
of
rockets, and, as their use is seen by n~crc: insyction,
we
her-e introduce them without remark.
‘They comprehend
the dimensions of rockets of different
calibers, compared
with the exterior and respective diameter of each kind; and relative to the dimensions of the tools
of sky-rockets of diKerent calibers, and also compared with
the exterior and respective diameter of each.
it will be seen, on an examination of these tables, that all
the data are satisfactorily given; so that, in the construction of
rockets, the artificer will find them extremely useful, if not
absolutely necessary.
The prmciples on which these tables are founded, may bc
depended on, inasmuch as IV. Higot hns taken considerable
pains on that head; and, consequently,
the calculations,
which follow, and the proportions,
established for the con-truf:rion of rockets in general, are sufhciently conclusive,

‘I’he succouring,
or marine rocket, is a name given to a
;*ocket, which is sufficiently large to convey a small cord or
rope to some distance from a vessel, and by its means to sa\e
rhe lives of persons in danger of shipwreck. Rockets for thic,
purpose should be at least two inches in interior diameter.
The rod should be of the same length and thickness as a
rocket
of half this caliber.
‘Fo this rod is tied the cord,
which must be light, and vet strong, and when the rocket is
fired, the string should bear-ranged loose, so that no impediment is experienced in the flight of the rocket.
The applications of the succouring rocket :trc’ two in particular: Liz. In case a seaman should fall overboard, and in
case of shipwrzck; in the formel:, to t!lrl>w a cord to some
distn~:ceT Ned in the latter, to convey a cord from the ship to
the shore, should a vessel be stranded on a beach.
Several
methods have been proposed for the same purpose, namely,
that of conveying a line or rope to shore, when the surf is
too high for a small boat tc live in it.
The invention of lit*ut. Bell, described in the An~znles &S
Arts et Mamf~xtwes,
.md in the Archioes des Decouverte,
ii,
190, is designtd
fur a similar purpose as the succouring
rocket.
Mr. Ml’s invention consists simply in throwing
a
rope from a vessel by means of a mortar, attaching it to a
sheli, in order to make a communication
from :L vessel in.
For this contrivalicc:, IIC I-eccivcd one
danger to the shore.
hundred guineas.
Several experiments were m3J;t 1+ri:i~ It, 1%hich were satisfactory.
In the essays, published b-c’ Nr. Fulton, a contrivance of
this kind is suggested, using, however, an instrument similar to a harpocn, to which a rope is artached. This harpoon
is thrown bv a long gun. It is calculated, also, as the harpoon for th-is purpose is furnished
with several barbs, to
pierce and secure an enemy’s vessel.

It is not known precisely what the composition of the
Greek iire was. It was invented by Callinicus of Hellipolis,
a town in Syria, who used it with so much skill and elect
during a naval engagement, that he destroyed a whole fleet
belonging to the enemy, in which were embarked thirty
thousand men. , It is delined to be a sort of artificial fire,
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which insinuates itself beyond the surface of the sea, and
which burns with increased violence, when it mixes with
water.
Its directions are contrary to the course of natural
fire; for the flames, we ar? told, will spread themselves downwards, to the right or left, agreeably to the moment that is
given.
It was used in the year 1679, and was known and used in
1291.
It was certainly liquid, and employed in many differ-ent ways; but, chiefly, on board ships, being thrown from
large engines on the ships of the enemy. This tire was sometimes kindled in particular
vessels, which might be called
fire*hips, and which were introduced among a hostile fleet.
$~me&t~+es_ ,5t was put into jars and other vessels, which were
thrown at the enemy by means of projectile machines; and
sometimes it was squirt4
by soldiers from hand-engines,
or, as it appears, blown throkgh pipes. This fire was discharged from the fore part of shins, by a machine constructed of copper and iron, the extre&ty of which resembled the
open mouth and jaws of a lion or other animal.
They were
painted, and even gilded, and, it appears, were capable of projecting the fire to a great distance.
Professor Beckman, who examined all the ancient authors
respecting the Greek fire, expressly says, that the machines
which the ancients employed to throw this fire were spouting
engtnes.
He also observes (History
of
Invent.
iv, p. 85)
that “ John C ameniata, speaking of his native city, Thessalonica, which was taken by the Saracens in the year 901,
says, that the enemy threw fire Into the wooden works of the
besieged, which was blown into them by m:ans of tubes,
and thrown from other vessels. This passage, which I do
not find quoted in any of the works that treat on the Greek
fire, proves, that the Greeks, in the beginning of the tenth
century, were no longer the only people acquainted with the
art of preparing this fire, the precurser of our gunpowder.
The Emperor Leo, who about the same period wrote his art
of war, recommends such engines, with a metal covering, to
be constructed in the fore part of ships; and he twice afIn
terwards mentions engines for throwing out Greek fire.
the east, one may easily have conceived the idea of loading
some kind of pump with the Greek fire; as the use of a forcing pump for extinguishing
fires was long known there before the invention of Callinicus.”
- Writers differ considerably as to the composition of Greek
nre, properly so called, as there were: many preparations,
some hundred years after the discovery, which went under
4A

the ndtne qf Greek

fire. Certain it is, that the Greeks had z
knowledge of a verv highly combustible preparation,
which
water would not extinguish, and which, from its nature, must
have had the property of decomposing water itself, or POSsessed so much oxygen, as to support the combustion of the
inflammable substances, even in contact with water.
nilr. Parke, (Chem. Catechism, p. 465), speaking of some of
the uses of nitre or saltpetre, says, that “ for the same purposes
it was used by the ancients in that destructive
composition of
antiquity,
the Greek fire.
Sulphur, rosin, camphor, and
other combustibles, were melted with it, and in this melted
mass,
woollen cords were dipped, which were afterwards
rolled
up for use. These balls being set on fire were thrown
into the tents, &c, of the enemy,
and as the combustibles
-.were furnished with a constant supply of axy,..en from the
nitre, nothing could extinguish
them.”
He also observes:
“ Par many centuries, the method of making this dreadful
article
of destruction was lost; but it has just been discovered by the librarian of the elector of Bavaria, who has found
a very old latin manuscript,
which contains directions for
preparing it.”
It appears, however, that it could only be extinguished by
urine, sand, kc. James (J&Z. Die. p. 329) says, “ it is composed, or made up of naphtha, sulphur, bitumen, gum, and
pitch, and it can only be extinguished by vinegar,
mixed with
urine and sand, or with undressed
leather
and green hides.”
says,
The author of a French work, Oezlvres ASZitaires,
that a powerful
composition,
which is not extinguishable
with water, may be made of the following substances: viz,
pitch,
rosin, tallow,
camphor, turpentine,
saltpetre, liquid
varnish, oil of sulphur, linseed, rock oil, flax, and charcoal
finely pulverized.
The whole is melted together and boiled,
and before it grows cold, quickbme in powder is added.
It
is said to be susceptible of the most subtile and destructive
fire.
Bertrandon de IaBrocquiere,
who was in Palestine in 1432,
as counsellor to the Duke of Burgundy, observes, that the
Moors were then in possession of the Greek fire. He was
present at Barrat, during one of the Moorish celebrations,
“It began,” says he, “in the evening at sun set, Numerous
companies, scattered here and there, were singing and uttering loud cries. While this was passing, the cannon of the
castle were fired, and the people of the town launched into
the air, ‘bien hault et bien loing, me manie’re de feu plus gros
,fkVot pe je veisse ivtcgt4es allumc,~
They told me:, they
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Greek Fire.

:nade use of such at sea, to set fire to the sails of an enemy’s
vessel.
It seems to me, that as it is a thing easy to he
made, and at a little expense, it may be equally well employed to burn a camp or a thatched village, or in an engagement
with cavalry, to frighten their horses.
“Curious
to know its composition, I sent the servant of
my host to the person who made tllis fire, and requested him
to teach me this method.
He returned
for answer, that he
dared not, for that he should run great danger, were it
known; but as there is nothing a Moor will not do for money, T offered him a ducat, which quieted his fears, and hth
taught me all he knew, and even gave me the moultls in
wood, with the other ingredients, which I have brought to
France.”
Although La Brocquiere mav have brought the secret to
Europe, yet it does not appear to have been used.
We may justly conclude, that the present gunpowder POSsesses superior advantages to the Greek fire, and some authors, as Ruggeri, are of opinion, that the account we have
of it, that of its fire descending, and the like, are exaggerated.
Porta, (,Mugie Naturelie), in treating of this subject, observes, that the Greek fire was composed of the charcoal of
willow, salt, burnt brandy, sulphur, pitch, frankincense, flax,
and camphor, and that camphor alone has the effect of burning in water.
He remarks also, that, when Constantinople
was attacked, the emperor Leon burnt the vessels, or boats,
to the number of 1800, by means of the Greek fire. The
hmal
des &mans, 1676, p. 1413, speaks of the origin ancl
use of the same fire.
In 12X9, at the siege of Damietta, the French experienced the fatal tsffects of it. The Journal des Javans for 1666,
mentions a machine, which, when applied against a vessel,
communicates fire to it immediately, without in-juring the
person who uses it. In the French papers for 1797, M. Chevalier announced, that he had invented an inextinguishable
incendiary fuse, which is thrown by fire arms, and calculated to set fire to the rigging of ships. In 1759, Dr. Dupre
published in the French Journcrls, that he had invented a
composition, which had the same properties and effects as
the ancient Greek fire, and that he possessed the means of
extinguishing
it. An experiment was made at Versailles to
the satisfaction of all, and the secret was purchased by Louis
XV. The Rev. J. P. Coste, in 1794, laid before the French
national convention, a new invention, for the purpose of war,

consisting of a carcass composition, which nothing could extinguish, and which resembled in that respect the Greek fire.
Thevenot
(‘E-avels
in the Lcvant),
says, that in the 52d
year of the Hegira, (Anno Domini 672), Constantinople
was
besieged in the reign of Constantine Prognates, by Yesid, the
son of Moavia, the first caliph of the family of the Ammiades;
when the Greek emperor found himself so pressed, that he
But the famous engineer,
was almost reduced to despair.
Callinicus, invented a kind of wiidjre,
which would burn
under water, and by this means destroyed the whole fleet.
Gibbon (History
of the Decline and Fall of the Roman
hzpire,
vol. vii, p. 2~2),
speaks also of the Greek fire, ancl
observes, that rhe deliverance of Constantinople may be chief‘ly ascribrd to it. It appears, that Callinicus, the inventor:
deserted from the service of the Caliph to that of the Emperor; and Gibbon is of opinion, that this discovery or improvement
of the military art, was fortunately reserved fol
the distressful
period, when the degenerate Komans of the
east were incapable of con;ending with the warlike enthusiasm and youthful v&our of the Saracens.
He is of opinion,
that little or no credit can be given to the Byzantine accounts, as to the composition
of this fire; although, from
their obscure and fallacious hints, it should seem that the
principal
ingredient
was naphtha, a liquid bitumen which
springs from the earth.*
This was mixed with sulphur, and
with the pitch, extracted from the evergreen firs, according
to the testimony of Anna Commena, (Alexid,
1. xiii, I). 38r3),
and Leo, in the xixth chapter of his -Tactics, speaks of the
new invention.
Gibbon describes its effects much as we have stated, viz.
that the fire was strong and obstinate, and was quickened by
water; that sand, urine, and vinegar were the only agents
that could damp its fury; that it was used for the annoyance
of the enemy, both by sea and land, in battles or in sieges,
and was either poured from the rampart in large boilers, or
lanched into red-hot balls of stone and iron, or darted in
* In a note to Gibbon, page 283, we read, CI’he
naphtha, the oleum
p. 1167,)
incendiarism of the history of Jerusalem (Gest. Dei per Frances,
the oricn fal fountain of James de Vitry (1. iiij c. 84,) is introduced
on
slight evidence and strong probability.”
The name hy which Cinnamus
calls the Greek fire,, corresponds
with the locality wbero naphtha was
found, between
lhc Tigris and the Caspian sea. Pliny (Hist. Natur. ii,
109,) says, it was subservient
to the revenge of Medea, and according to
‘Ihe etymology, naphtha was signified.

*
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arrows and javelins, twisted round with flax and tow, which
deeply imbibed the inflammable oil; that, at other times,
it was deposited in fire ships, or blown through long tubes of
copper, fixed on a prow of a galley; that its composition was
kept secret at Constantinople,
pretending that the knowledge
of it came from an angel to the first and greatest of the Constantines, with a sacred injunction not to divulge it under
any pretext, &c. He also observes, that, after it was kept
secret above four hundred years, and to the end of the 11th
century, the method of preparing it was stolen by the Mahometans, who employed it against the crusaders. A knight,
it appears, who despised the swords and lances of the Saratens, relates, with heartfelt sincerity,
his own fears, at
the sight and sound of the mischievous
engine, that discharged a torrent of the Greek fire, the feu Gregeois, as it is
styled by the more early of the French writers,
“It came
flying through
the air,” says Gibbon, quoting Joinville,
(Wistozre
de St. Louis) “like a \ginged long tailed dragon,
about the thickness of a hogshead, with a report of thunder
and the velocity of lightning;
and the darkness of the night
The use of the
was dispelled by this deadly illumination.
Greek, or as it might now be called, Saracen fire, was
continued to the middle of the 14th century, when the scientific or casual compound of nitre, sulphur, and charcoal, effected a new revolution in the art of war, and the history of
mankind.”
Ramsay, our learned historian, (Universal
History,
vol. ii,
p. ISO), gives the same account of the Greek fire. iM orse,
in his Universal
Geography,
page 588, observes, that naphtha forms springs in Persia, and, when scattered on the sea,
it burns, arad the flame is often wafted to a great distance.
For remarks respecting the naphtha of Persia, and the
universal fire of the followers of Zoroaster, see the article
In naphtha districts, the quantity of inflamon Naphtha.
mable air is so great, that it is used for fuel.
Since writing the above, we h:lve examined Ruggeri, (Qrotechnie
kfilztctire,
p. 28c3), and find nothing new. He states
the composition of Greek fire, on the authority of o:hers, to
consist of naphtha, sulphur, bitumen, camphor,and petroleum;
thatit wasinvented by Callinicus,and
employedagainstthe
Saraceus as an incendiary; that Pliny, in his time, mentioned a
combustible substance, which was thrown upon armed men,
and burnt and destroyed them in the midst of the battle;
that it was employed successfully by the successors of Constantine, and its composition
was kept a state secret; that
had

the Turks used it, or a composition of a similar nature, at
the siege of Damieta, in 1~4~3, forty-five
years after the
death of Roger Bacon; and, finally, that, when the composition and effects of gunpowder became known, the Greek fire,
although it laid the foundation of the invention of gunpowder, was no longer in use? and the secret of the original preparation became lost. See Gun~owdw.

A mine is a subterraneous passage, dug under the wall or
rampart of a fortification,
for the purpose of blowing
it up
by gunpowder; and mining is the art of accomplishing thies
effect.

The art of mining, having become one of the most essential parts of the attack and defence of places, should be’ well
understood;
and requires a perfect knowledge of heights,
depths, breadths, and thicknesses; to judge perfectly
of
slopes and perpendiculars,
whether they be such as are parallel to the horizon, or such as are visual; together with the
true levels of all kinds of earth.
To this may be added, a
knowledge
of rocks, clays, soil, &c. and the effect of gunpowder.
Mines were made long before the invention of gunpowder. The ancients made galleries, or underground
passages,
much in the same manner
as the moderns, from without,
under the walls of places, which thev cut o# from the foun-e
dation, and supported
with strong- props.
The intervals
were filled with all manner of combustibles, which, being set
on fire, burnt their prop F, and the wall, being no longer supported, fell, by which a breach was made.
The besieged also made underprouud
passages, from the
town, under the besiegers’ machines, by which they battered
the walls, to destroy them, proving that necessity has been
the inventress of mines,
The first mines we read of, since the invention
of gunpowder, were made in 1487, by the Genoese, at the attack of
Serezanella, a town in Florence.
These, however, failed,
and they were neglected, till Peter Navarro, being then engineer to the Genoese, and afterwards “to the Spaniarcls, in
150.3, against the French, at the siege of the castle de1 OVO,
at Naples, made a mine under the wall, and blew it up; in
Valconsequence of which the castle was taken by storm.
liers says, that the engineer was Francis George, an Italian,

The place where the powder is lodged, is called the
chamber of the mine, or fourmau,
and the passage leading
The line of the least
to the powder,
is called the gallery.
resistance, is the line drawn from the centre of the chamber,
perpendicular
to the surface of the ground; and the excavation, called the crater, is the pit or hole, made by springing the mine.
Counter-mines
are those made by the besieged, whereas
mines are generally made by the besiegers.
Both mines and
counter-mines, are made in the same manner, and for like
purposes, viz. to blow up their enemies and their works.
Galleries, made within the fortification,
before the place
is attacked, and from which several branches are carried to
different places, are generally 4 and 44 feet wide, and 5 or
5$ feet high.
The earth is supported
from falling in, by
arches and walls, as they are to remain for a considerable time.
But when mines are made to be used in a short
time, then the galleries are but 3 or “4 feet wide, and 5 feet
high, and the earth is supported by wooden frames, or
props.
The gallery being carried on to the place, where the pow,ier is to be lodged, the miners make the chambers.
This is
generally of a cubical form, large enough to hold the wooden box, which contains the powder necessary for the charge.
The box is lined with straw and sand bags, to prevent the
powder from contracting dampness.
The chamber is sunk rather lower than the gallery, if the
soil permits; but where water is to be apprehended,
it must
be made higher than the gallery; otherwise the besieged will
let in the water, and spoil the mine.
The fire is communicated
to the mine by a pipe, or hose,
made of coarse cloth, whose diameter is about l$ inches, called
a saucisson, (for the filling of which, near half a pound of powder is allowed to every foot), extending from the chamber to the entrance of the gallery, to the end of which is
fixed a match, that the miner who sets fire to it, may have
time to retire before it reaches the chamber.
To prevent the powder from contracting any dampness,
the saucisson is laid in a small trough, called an auget, made
of boards 34 inches broad, j oined together lengthwise, with
straw in it, and round the saucisson, with a wooden cover
nailed upon it.
The quantity of powder, required
to charge mines, depends upon the nature of the soil. That which is more tenacious, will recluirc the greatest force to separate its parts-

*

The density may be learned, comparatively
speaking, by determining the specific gravity of each kind of soil. The requisites in mining may be ascertained by four simple problems, which relat: to the nature of the soil, the diameter of
the excavation, the line of least resistance, and the charge.
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The gallery and chamber being ready to be loaded, a
strong box of wood is made of the size and figure of the
chamber, being about one-third or one-f&&h
larger than is
required for containing
the necessary quantity of powder,
Against the sides and bottom of the box is put some straw,
and this straw is,covered over with empty sand bags, to prevent the powder from contracting any dampness.
A hole is
made in the side, next the gallery, near the bottom, for the
saucisson to pass through, which is fixed to the middle of the
bottom, by means of a wooden peg, to prevent its loosening
from the powder, or to hinder the enemy (if he should reach
the entrance) from being able to tear it out. This done, the
powder is brought in sand bags, and thrown loosely in the
box, and covered also with straw and sand bags. Upon this is
put the cover of the box, pressed down very tight with strong
props; and, to render them more secure, planks are also put
above them, against the earth, and wedged in as fast as possible.
This done, the vacant spaces between the props are filled
up with stones and dung, and rammed in the strongest manner. The least neglect in this work will Fonsiderably alter
the effect of the mine. Then the auget, or small trfjugh, is
laid from the chamber to the entrance of the gallery, with

some straw at the bottom; and the saucisson laiif. in it, with
straw over it. Lastly, it must be shut with a wooden cover,
nailed upon it. Great care must be taken in stopping up the
gallery, not to press too hard upon the auget, for fear of spoiling the saucisson, which may hinder the powder from taking
fire, and prevent the mine from springing.
The gallery is
stopped up with stones, earth and dung, well rammed, six or
seven feet further from the chamber than the length of the
line of the least resistance.*
Before closing this article, short as it is, compared with a
full view of the subject, which belongs exclusively
to engi.
neering, we shall nutice, from Belidor, the globe of ccmpressiol2
in mines. If we imagine a large globe of earth, homogeneous in all its parts, and a certain quantity of powder
lodged in its centre, so as to produce a proper effect without
bursting the globe; by setting fire to the powder, it is evident
that the explosion will act all rouild7 to overcome the obstacles which oppose its motion; and as the particles of the earth
are porous, they will compress- each other in proportion as
the flame increases, and the capacity of the chamber increases likewise: but the particles of the earth next to the chamber will communicate a part of their motion to those next to
them, and those to their neighbours; and this communication
will thus contintle in a decreasing proportion,
till the whole
force of explosion is entirely spent; and the particles of earth
beyond this term will remain in the same state as they were
at first. The particles of earth, that have been acted upon by
the force of explosion, will compost a glo%, which ,Mr. Belidor calls the globe of conzpression. He observed, that, when
a mine exploded, and threw up the ground over it, its action
was, at the same time, felt in a circular direction, throughout
* The Fozynsses and Cnrncl~fiets, used in miniug, are employed for dif,
fereut purposes.
The fougasses are small mines, whose line of resistance
is only six to six and two-thirds
feet. ‘I’heq are used to defend large posts
Bomb fo-tugastes, are nothing more than fougasses, charged with bomb*
contalnlng po;rt!cr. To estimate tbc effects of bomb fougasscs, artillerists
have ascertarned the exact quantity of powder contained in each kind of
bomb.
A bomb of eight and a hilf inches weighs forty-six
and a half
pounds; it requires four and a half pounds of powder to fill it; but doe
pout~c!will burst it. The eighteen inch bomb, or comincge, weighs nearly
five hundred and seventy-one pounds, and contains forty pounds of powder
Thirteen pounds of powder will burst it. The cnmou$?et is a small fougasse, made to act against the enemy’s mines, to suffocate and poison
their branch.
The ~nnzo~JErt is also used to act against the sides of the
craler of a mine that has been sprung.
See Xcitnce of ?Vur anJ FurtqY
diW2,
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the surrounding
ground, to a distance at least equal to the
obiique line drawn from the centre
of inflammation
to the
edge of the funnel.
Mines and counter-mines are now called offensive and defensive mines. The hole made by the explosion is called
the entonnoir,
crater, or funnel,
In the system of counter-mines,
we have the mag-istral
gallery, or gallery of the counterscarp,
which is that extended below the covered way, from which branches are pushed
to overthrow
the works and batteries of the beseiger, that
gallery
that communicates with the
crown it; the enveloping
other passages, called the galleries
of communication,
and is
nearly parallel with the first at the distance of from forty to
sixty yards. Other galleries are pushed forward, leaving the
enveloping gallery, projecting at least thirty yards, and having spaces between them of about fifty yar& in width; SO
that the enemy’s miner, whose work may be heard under
ground about thirty yards. may not pass between any two of
them without being discovered.
These are called Zistening
galleries.
It may be observed, that, from these galleries,
branches are carried forward to establish chambers under the
works of the enemy. Those who wish to acquire information on this, and other subjects, counected with attack and
defence, and on some branches ,of engineering,
would do
well to consult the French work of Bousmard.
There are likewise small mines called Fougasses, used in
the defence of field works,
They are seldom more than ten
feet beneath the s&ace,
and are placed at the expected
points of attack, usually nine feet from the salient angles,
and without the counterscarp.
The chest of powder and
the saucisson are placed as usual. Barrels or casks and even
grenades are used.
8ec.
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We mentioned,
in the article on gunpowder,
that quicklime had the effect of increasing its strength.
It has been
suggested, to employ quicklime, for this purpose, when gunpowder is used in mining.
de Z’art de Fabrigzter
la PouBottee and Kit~ault (Trait6
dre d CU~OPZ.p. 301) have given the result of some experiments on this subject, which we purpose to notice.
These
experiments, however, are not satisfactory on this head.

Dr. Baine, a physician of Foxano, in Tuscany, was the
first who announced the fact, that quicklime would increase
the explosive effect of gunpowder.
The increase he states
to be one-third.
The proportions
are, twenty-three
gram==
mes of quicklime, and one kilop-amme
of powder.*
The
quicklime is powdered, and mixed with the gunpowder.
Various experiments
were made, with the eprouvette of
Regnier, which did not establish the truth of Dr. Baine’s assertion.
The Tuscan hunters use gunpowder
mixed with
lime.
The experiments were made by NI. L. Naitre
and colonel Charbonel.
They employed pure dry powder, dry powder mixed with quicklime, moist powder pure, and moist
powder mixed cvith lime.
The ollject of these experiments
was to ascertain, if the presence 01’ quicklime added to the
force of powder; either as a fourth coctiponcnt part and acting chemically, or by absorbing the moisture which the powder contains.
The charge of each was three ounces.
The result of the experiments is thus given:
Powder, dry and pure,
.
.
738 feet 2 inches,
Powder, dry, and mixed with quicklime,
690 1 -Difference in favor of dry powder,
48
1
Powder,

Powder,

and pure,
moist, and mixed with quicklime,
moist

Difference

in favor

of moist powder,

714 feet
642
-71

I inch.

-

2 -12

It has been asserted, that the force of gunpowder is increased by water, alcohol, and ether, in consequence of the
great expansibility of these fluids; but, according to the experiments of Bottee and Miffault, the range of the ball was
much less when the three fluids were used successively,
than when the dry and pure gunpowder alone was employed.
We are informed by a gentleman, who saw the experiment
made, that when gunpowder
is mixed with an equal weight
of fine saw dust, and fired, it will give the same range to a
ball as the same weight of unmixed powder.
* The gramme is the French unit of weight, and is equal to the weight of
a cubic

centimetre

of pure water;

it weighs 18.84 grains, French.
(2 lhs. 5 drachms, 49

kilogramme is equal to 1080 grammes,
Frencl\SI

The

grains?

.

We find that col. Gibbs, (American
Journal
of Science, i,
87), in a letter to professor Silliman, mentions the use of
lime in increasing the strength of gunpowder.
He gives a
certificate of the person, whom he employed
in blowing
rocks, in which he used quicklime along with powder, in the
In
proportion of one part of the former to two of the latter.
the certificate, it is stated, that a charge of this mixture was
found to be equally powerful, or to “ answer equally well
with a like quantity of gunpowder,”
having made upwards of
fifty blasts in this manner, and, as he states, several hundred
in the usual way. He remarks, however, that, when the powdered lime was mixed with the gunpowder the day before, the
effect was diminished.
The colonel attributes the effect to the
desiccation of the powder by the lime; and, as gunpowder
absorbs more or less water, the lime, in its caustic state, takes
it from the powder. If the lime should remain too long, he is
of opinion that it would probably attack the water of crystallization of the saltpe tre, and, according to count Rumford’s idea, destroy a great part of the powder. “ The examination of this subject,” says Gibbs, “ led me to consider the
increase of the power of gunpowder
in various situations,
and of its use in the field. It is well known, that, after a few
discharges, a cannon becomes heated, and the range is much
The charge of powder is,
greattir, as well as the recoil.
therefore, reduced about one-quarter,
to produce the original effect, As I have not heard or seen any explanation of
this fact, I shall take this opportunity of mentioning, that it
appears to arise from the same cause as the first explained,
Liz: the desiccation of the powder, kc.”
M. Humboldt, (Bulletin
de Iu Societe Philomatigue,
floreal,
an. 3) it appears, suggested an improvement
in mining, not by
mcreasing the force of gunpowder, but in the charging of it;
to ieave a space occupied only by air, a fact well known to
those who are accustomed to this work, although not always
adopted.
He states the effect of powder on a shell; that, if
it be filled, it breaks only into two or three pieces; but if only
half filled, it is shattered into a great number, which he atiributes to the presence of air in the shell.
skc.
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Of Incendiary

Bombs.

These arc used in sieges, and on water.
Ruggeri gives
the preparation of these bombs as follows, observing to melt
the substances in the order they are mentioned.
1. Three parts of sulphur;

2.
3.

4,

One part of pitch;
Two parts of nitrate of potassa;
One part of mutton suet.

After melting these substances, and mixing them intimately, the mixture is removed from the fire, and tMro pounds of
gunpowder are added, and thoroughly blended.
It is again
submitted to heat, and a sufficient quantity of quick match,
to cover a good sized marron, is immersed.
The marron
hardens on the
is furnished with a fuse. The composition
match. ‘I’he match is employed as before described. Water
does not extinguish the fire, produced by the combustion of
See Carcasses and Fire-Balk.
this damposition.
Sec. XXXIV.

Of 3Zurdering

Marrons.

Marrons, which take this name, are those, whose effect is
different from the incendiary bomb.
The latter is calculated
to set fire to houses, &c. while the former is designed to destroy the lives of persons.
To make a murdering marron, we prepare, in the usual
manner, a cylindrical
case, and fill it with gunpowder,
and
In winding
then wrap round it, a quantity of pack-thread.
on the thread, care must be taken to cross it in the manner
mentioned in a former article.
It is then finished by coating
it with a mixture of glue and wax, or, in preference, pitch.
This prevents the thread from unwrapping,
and renders the
case firm and less liable to break.
A hole is then made in
its srde to the powder, in which we i:lsert a piece of quickmatch, to communicate fire to the contcilts of the case. A
small fuse, similar to that of a bomb fuse, but shorter, and
made of pasteboard, is also used; and, after it is fixed to the
marron, musket balls, previously
pierced with holes, are
nailed round the marron, the nails passing through the balls
into the case. After thus fising as many balls as the surface
of the case will admit, WC cover them with a composition
made of three parts of glue and one part of wax. When this
coating is dry, a hemispherical
case is adapted.
This case
is a small sack of paper, made round, and filled with gunpowder.
It is placed at the bottom of the marron, and secured there with paper and glue, ‘The match is conveyed to
the orifice cf the fuse of the marron; and, in short, a cornmunication is so made from the one to the other, that, at a given
iime, the fire passes by means of the fuse to the marron,
which then explodes, and throws the balls, with which it is
furnished, in everv direction.

Shells, made by uniting two hemispheres, containing powder, and furnished with balls and a fuse, are also a destrwtive weapon of the same character.
Sec. XXXY.

Of hcendiauj

Hope.

We have mentioned,
under the head of Tow-team,
01’
tarred links and fascines, the compositions
made use of for
these preparations.
The composition for incendiary rope is
as follows:
Sulphur
Saltpetre
Rosin
Camphor
Meal-powder
Grained powder

-

-

1’2 pm-1s
f-j-a, LI
2 W-e
4 c5?--

a

I
-

-

-

The rosin, sulphur, camphor, and saltpetre are melted,
and mixed thoroughly together, and the kettle, which contains
them, is removed from the fire; the gunpowder
is then
added, and intimately blended.
The mixture is again heated, and the rope is thea immersed in it, and suffered to remain until it has imbibed sufficien tly.
It is then taken out, and allowed to COOL
After this operation, we melt, in G separate kettle, the foln
lowing substances;
Rosin
Pitch (or tar)
Mutton suet

-

”
..

-

.

When they are melted, and mixed,
prepared as above, is thrown into the
moved and hung up.
After this second process, we make,
a priming mixture, in which the rope is
or such parts of it, as are to take fire
ming paste is composed of,

c

-

parts.
-rn 2-4
4

the rope previously
mixture, and then rein an earthen vessel,
sometimes immersed,
This prlpromptly.

Meal-powder
Saltpetre
Sulphur
Spirit of wine, (or brandy), a sufficient quantity.
Gum arabic
-.
-

4 parts.
42

--

p--
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Incendiary rope is used more generally in the form of a
ball, which is enclosed in a sack, and fired out of a common
mortar.
It was invented by an officer at Toulon.
See Carcasses,
Sec. XXXVL

Of Balloons
Flints

of Grenades,
or Stone.

of Bomb,

and

of

Balloons of this kind are cases, or sacks, made sufficiently
large, containing powder, and enclosing grenades, shells, and
stones.
The balloon of grenades holds twelve charged grenades,
containing different quantities of powder.
They are finished
like powder sacks, and corded with small cord, twine, or
thread. The balloon of flints, river stones, or small pebbles,
is made by enclosing these substances along with powder in
a sack, as before stated. These balloons are employed for
the defence of works, &c. See Powder SacRs.
The Ballon h Bombes, of the French, is the same. It
is a bag, in which are placed beA of smaller bombs, that are
charged and interlaid with gunpowder.
The bag is put into
another covering, that is pitched, with the neck closely tied
up with pack thread, in which a fuse is fixed, as in ordinary
The tinglish say, that Colonel Shrapnel’s invention
bombs.
of the spherical case shot, is of a superior kind.
We purpose, therefore, to notice them in the following section.
Sec. XXX

VII.

Of Sj-jfm-id

Case-#tot.

Ordinary case shot is a tin case or cannister, filled with
iron balls, so as to make up the weight of the shot. The balls
are seldom less than 1% oz, in weight.
Little effect is to bc
expected from firing case shot beyond 300 yards, from the
very great divergency of the balls. 1 he following summary
of the effects and advantages of this species of shot, which,
as invented by Col. Shrapnel, is called tile Shrapnel shell,
will be sufficient for our purpose.
It is extracted from a
book lately published.
1st. The whole charge takes effect on the enemy at any
distance.
By the present mode of firing, the greatest part
of the charge disperses as soon as it leaves the muzzle of
the gun, and cannot be directed.
2nd. Grape, or case shot, may be fired with effect equally
close and collected, to any distance within the range of the
piece; and the artillerv need not advance within musket shot
of the enemy, to make use of this kind of fire with its full
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effect, and are not so subject to have their guns charged either
by cavalry or infantry.
sd. It requires less precision and exactness, to point a
piece of ordnance charged with spherical case shot than with
round shot; because case shot is a wide and dispersed fire,
and the difficulty in elevation consequently less.
4th, Its comparative
destruction with that of round shot
will be, generally, as the number of the shot within the shells
to one; that is to say, a three pounder, twenty-two
to one
in its favour; a six pounder, fifty to one, &c,; in which calculation is not enumerated any effect from the splinters of
the shell.
sth, Small balls cannot be projected to very considerable
distances, unless enclosed in heavy spherical cases, which,
from their form and weight, are not much influenced by the
resistance of the air, or diverted from their direction.
6th, The explosion of the shell makes no change in the
direction of the shot within; they consequently complete the
shell’s track, or curve, which has sometimes been observed to
be 400 yards.
7th, From the unevenness of the ground, such as hillocks,
banks, fallow fieIds, 2%~.all shot which graze, most commonly
lodge; whereas, by using this shell, the whole charge will be
carried over these irregularities,
and reach the object with
its full contents of balls.

produces fire-rain, which we purThe composition, which I,,
pose to notice in this place, is taken from the “ Artis Magna
He seems, however,
ArM~ria”
of Casitnir Siemienowick.
to have t;kken it from a German author.
The fire rain is an incendiary fire-work, and calculated, like:
other incendiaries , for firing the houses of a besieged place
or city, which are covered with shingles, laths, stubble, or
reeds. Besides several other compositions, designated by
artificers, that of fire-rain was so called from its supposed
resemblance to a shower of rain.
To prepare this composition, the following method is used:
We take 84 parts of sulphur, and melt in a copper, or iron pot,
over live coals without flame, and then throw in 16 parts of
saltpetre, and mix it with an iron spatula, to incorporate the
whole.
The pot is now removed from the fire, and when
the composition is become rather cold, stir into it 8 parts of

grained powder.
The composition
is then poured on a
marble slab, or metallic plate, where it is allowed to cool. It
is then broken into pieces of the size of a walnut, which,
when used, is interspersed with quick match, covered with
gunpowder, and put into shells or bombs.
These bombs are made in the same manner, as those,
which are formed in fire-works for exhibition.
Wood, covered with this composition,
will burn in the
same manner as the shells. The globe of fire is also similar
to those for exhibition.
The mortar is elevated at an angle
of 450,in order that the globe may go to the greatest height,
and the greatest range; for the fall of the inflamed matter,
which is dispersed m all directions by the powder, is more
or less vertical, and, in that state, lights upon houses, &c.
This effect, that of setting fire to one or more houses, depends
greatly on the accuracy of their discharge from the mortar.
The following
compositions are also used for the same
purpose, observing to follow the same manner of mixing the
ingredients:
I. Sulphur
Saltpetre
Meal-powder
Iron fiiings
Green Vitriol
2. Sulphur
Saltpetre
Grained powder
S, Sulphur
Galbanum
Saltpetre
Grained powder
4. Sulphur
Saltpe tre
Rosin
Meal-powder

-

3 parts.
I--”
1 --

m

I
-

.a

-

-

-.

1 part.
?. 4--

a
-

-

a

4 --

-

”
t

-

--i
1-m
2
- 1 part.
1 -- l--

-

I--

5 parts.
- !2----

m
“,

1 --

-

l--These compositions may be used in the manner already
described. Two wooden hemispheres, filled with the preparation and j-oined together, is the usual mode of forming a fire
bomb. Tphe bomb or globe is then covered with strong canvass, and finished by dipping it, or smearing it with melted
pitch. Over this, two or three covers of canvass are sometimes
se wed.
When the bomb is dry, we put it in a case, in the
same manner as directed for the murdering,
and incen%C
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The

case is charged

with
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fine meal-powder,

h.

‘T’he modern
improveuients,
which
are many,
supersede
the rain-fire.
Fir-c stone, for instance,
is a more powerfulThe in~~endiaries
made with this composition,
preparation.
and the ordinary,
carcass, are more effectual
for this purpose,
That
the Greek
fire was an active composition,
and pro+duced very destructive
effects on towns and shipping,
there
can be no doubt; notwithstanding
the invention
of gunpowder
has completely
changed
the art of war, and superseded,
as we
have shown in our articles
on. qu?-zpowder and Gi-eeL pre, thp
use of the incendiary
cornpositron
of the Greeks.
*lies. xxx.fx’.
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the h,ect
of M~TYGI”S
dies at a Distance.
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As this subject may be of some interest
to the reader,
ai:
least in relation
to an important
fact, that of the concelztratiozz of the calorific
rays of the sun, which has had the effect
of burning
bodies at some distance,
we deem the following
facts not irrelevant.
The effects of burning
glasses, both by refraction
and reflection,
are noticed
by Empedocles
and Euclid,
who composed a treatise on the ancient
optics and catoptrics.
It has
been thought,
that the Komans
had a method
of lighting
Aristophanes,
in one
their sacred tire by some such means.
of his comedies,
introduces
a person as making
use of a
globe,
filled with water,
to cancel a bond that was against,
him, by thus melting
the wax of the seal.
Plutarch,
in
used to kinhis life of Numa,
says, that the instruments
dle fires, were metaliic
dishes, which were placed opposite
to
the sun, and the combustible
matter
in the centre, by which,
it is probable,
he meant
the focus, conceiving
that to be at
the centre of the mirror’s
concavity.
Father
Kircher
was the first, who thought
of substituting,
for a concave mirror,
several plane mirrors,
so disposed,
that
the sun’s rays reflected
at their surface might
converge
towards the same point.
He employed
five only of these mir1’Ol‘S, which he so arranged,
that the concurrence
of the rays
should
take place at a distance
of more than one hundred
feet, and he found the heat there to be scarcely supportable.
“ Now,”
says Kircher,
“ if five tnirrors
produce
so consiJerable
an effect, what would a hundred
or a thousand
do,
arranged in the same manner. ? They would excite so violent;

:1 heat, that it would
set fire to every thing,
and reduce all
to ashes.”
Orpheus
compares
his jaspis to rock crystal, and says that
it kindles
fire, and that he knew how to use rock crystal as a
burning
glass.
Diodorus
calls some kinds of jasper tr:nsparent, and sky-coloured.
The jaspis, described
in the Rev-elation of St. John (chupter xxi, verss 11, 18, 19,) may hav(
been the same stone.
It is not our intention,
however,
to notice the history
of
&rrors,
from
the time of iMoses,
~Exo&~s,
chap. xxgviii,
ITerse 8,) or of Job,
(PJDt), chap. xxxvii,
verse 12) cilrough
different
periods
of time, to the present
CL>:; as tli~ reader
may find an interesting
account
on thir4 head in Ueckmart
(History of Inhxtions,
vol. iii, p. 154); but to state in particular
the celebrated
experiment
of Archimedes,
which has
indeed astonished
men of science, who have lived since that
period.
‘There can be no doubt of the fact, if we reflect for a
moment,
that some modern
experiments
have justitied
the
conclusion
which
has been drawn; and, therefore,
that the
solar rays may be concentrated
to such a degree,
as to inflame bodies at some distance
off: and as the heat produced
i;s much greater than that of our hottest furnaces,
incredible
as it may appear,
there can be no question
as to the effect,
which
I~LI~ be produced
hv a system of mirrors.
By means of burning
mirrors,
Arch.imedes
burnt the Roman ships, which
were beseiging
Syracuse,
and reduced
them to ashes.
Descartes,
among
others,
discredited
the story as fallacious; but Kircher
made many experirnrnts,
with a view of
establishing
its credibility.
He tried the eirirct of ;i ~UEG~;C:
of plane mirrors,
and with five mirrors
of the same size,
placed
in :I frame,
he contrived
to throw
the rays
reflected
from them to the same spot, at the distance
of more
than one hundred
feet* , and, by this means, he produced
such
a degree of heat, as led him to conclude,
that, by increasing
their number,
he could have set fire to inflammable
substances at a greater
distance.
He likewise
mride
a voyage
to
Syracuse,
in company
with his pupil,
Schottus,
in order
to examine
the place of the supposed
transaction;
and they
were both of opinion,
that the galleys of Marcellus
could not
have been more than thirty paces from Architnedes
*
* Arnoag other inventioos, bg this philosopher, such as the detectiorl
of the adulteration
of the crown of HWO. lnentioued
by Vitruvius,
the
Lzachleon or Archimedes’
screw, the He11.x iur launching large ships, the
Trispastnn for drawing immense weights, Pneumatic and Hgdrasta?ic
cud
9
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Proclus is also said to have destroyed the navy of Vitalian, bi:seigmg Byzantium, near Constantinople, by means of
burning glasses.
Among the moderns, the most remarkable burning mirrors have been those of Magine; of Septala of Milan, which
was nearly three and a half feet in diameter, and which
burnt at the distance of fifteen or sixteen paces; of Vilette,
and Tschirinhausen;
the new complex one of RI. Buffon;
that of Trudaine,
and that of Parker. Tschirinhausen’s
burning glass was between three and four feet in diameter, and
its focus was rendered more powerful by B second one.
It may not be improper to notice the construction, as well
as the effect of some of thcsr mirrors. La l3rocquire, a traveller of the 15th century, says, ‘that, at Damascus, they
made mirrors of steel that magnify objects, and,one of them,
when exposed to the sun, reflected the heat so strongly, as to
set fire to a plank fifteen or sixteen feet distant.
M. Buffon constructed a machine consisting of a number
of mirrors, by which he seems to have revived the secret
of Archimedes,
and to have vindicated the credit of history
in this point.
The experiment was first tried with twentyfour mirrors, which readily set on fire a combustible matter
prepared of pitcil and tow, laid on a deal board at a distance
of’ sixty-six French feet. He then pursued the attempt, and
ptit together a kind of polyhedron,
con&&g
of one bundred and sixty-eight
pieces of-plane looking glass, each six
Inches square; and by means of this, some boards of beech
wood
were set on fire at a distance of one hundred and fifty
feet, and a silver plate was ;;nelted at the distance of sixty
feet. This machine, in the next stage of its improvement,
contained 360 plane mirrors, each 8 inches long, and 6 broad,
moul;ted on a frame 8 feet high, a:id 7 feet broad.
With
/d of these mirrors, light combustible matters were kindled
at a distance of 20 feet; with ~5 of them, at the same distance, a large tin vessel was melted; and with I 17, :I thin
piece of silver. When the whole machine was employed, all
the metals were melted at the distance of twenty-five,
and
even of forty feet. Wood was kindled in a clear sky, at the
distance of 210 feet. Mr. Buffon afterwards constructed a
ginca, sphere, which exhibited the celestial motions;-there
are two in
particular.
*vhich relate to the defence of Syracuse, as well as the destruction
of lhe enemy.
Resides his burning mirrors,
Polybius, Livy,
alid l’lutarch assert, that his inventions for defence consisted of Tormenta, Ksllstas, (Catapults, Sagittarii, Scorpions, Cranes, kc.
Archimedes

died in the 143d Olympiad,

210 Tears before the birth of CbriyL
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machine, which contained four hundred mirrors, each six
inches square, with which he could melt lead and tin at the
distance of 140 feet.
Mr. Parker, an eminent glass manufacturer,
in Fleet street,
London, constructed the most powerful
burning mirror ever
He erected an out building at the bottom of hi? ‘,,xmade.
den for the purpose of carrying on his operations.
.Hc sueceeded in forming a most powerful burning lens. Its diameter
was three feet. Platinum,iron,
steel, flint, &c. were melted in a
few seconds, on being exposed to its immense focus.
A diamond weighing thirty grains was reduced to six grains, in
the space of thirty minutes.
It opened and foliated like the
leaves of a flower, and emitted whitish fumes, (carbonic acid
gas;) when close again, it bore a polish, and retained its form.
Garnets, clay, &c. soon melted.
Seiren hundred guineas were subscribed to indemnify the
inventor, it having cost him seven hundred pounds.
It was
purchased,
however,
and presented by lord 53acartney tc
the Chinese government,
and remains now at Pekin.
M. Payard, (Archives
des Decouvertes, &c.) has invented
a burning mirror, consisting of several plane mirrors so arranged as to concentrate the solar hea? into a focus with
great precision. The arrangement, it may be proper to state,
is different from that heretofore used, and the effect is said
to be very powerful.
A polygonal mirror,
from a suggestion of the celebrated
Buffon, was erected in the Botanic Garden at Paris, in 1747,
and had also a very powerful effect. This mirror was composed of one hundred and sixty-eight
plates of tinned or silvered glass, capable of moving in every direction and of being fixed at different degrees of inclination,
so that there
could be given to the whole, a form more or less concave,
and the focus be thrown to different distances.
This mirror
set fire to wood at two hundred feet, and fused metals at
forty-five feet.
As caloric, like light, follows the same laws with respect
to its motion, and as the angle of incidence is equal to the
angle of reflection, the radiation of heat, conducted after the
manner of Pictet’s experiment, has not only occasioned the
combustion of gunpowder, but of other inflammable substances. But, for this purpose, the mirrors must be large and
extremely bright.
That heat radiates in all directions, and
is reflected, and that the calorific rays may thereby be concentrated, are facts which are now universally admitted. The
application of this principle, by using concave mirrors snfli~

ciently large, has, we are informed,
produced the explosion
of gunpowder.
They were placed about twelve feet apart,
In the focus of one a live coal was put, which was constant=
ly blown with a double bellows, and in the focus of the other
some gunpowder.
In all our experiments with the ordinary
reflectors,
we could never produce any thing like the heat
That the principle is subnecessary to inflame gunpowder.
stantiated by experiment is evident; for the rays of a heated
body, or a substance which produces heat, as a lamp or candle, placed in the focus of a concave mirror, are reflected in
parallel lines, and if another concave mirror be placed opposite to it at some distance, the calorific rays will be thus intercepted and reflected back in a focus. Thisfjczis.
therefore, like the focus of a burning glass, is the coucentration ot-’
all the parallcl rays of heat.

qf Incena’iarq cr?d Poisoned Arrows.
Sec. XL.
The bow is a very ancient weapon of offence, made oi’
steel, wood, horn, or other elastic substance, which, after being bent by means of a string fastened to its two
ends, in returnirig
to its natural state, throws out an arrow with grent force.
That the bow was a weapon. of
offence among the nations of antiquity,
the- inhabitants
of Asi :\~d Africa, and the Aborigines
o@@& country,
and th:t: it was used in Europe, before the invention or u:>c
of fire-arms, are facts, of which- we have abundant proof.
It h:ls generally
Bows are much the same in all* countries.
two infiections
or bendings.
between which, in the place
where the arrow is draw::, i!; ;L right line. The Grecian how
I-he Scythian bow was
was adorned with gold or !:ilver.
distinguished
from those of the Grecians and other nations.
bv its iiicrlrv;ttion,
which was $0 great, as to form a hali
moon, or semi-circle. ‘The P ersian bows were tnnrte of’ reed,
‘l’he Indians used the same material, as well for their bows
as their arrows.
The Lycian bows were made of the corn4
tree; and those of the Ethiopians, which stIrpassed all others
in magnitude, were made of the palm tree. ‘I’he Komans,
although they did not admit bows in the infancy of their republic; yet they considered them as hostile weapons.
They
employed auxiliary archers in all their wars. The .Amazoe
nians, as well as the primitive
C:!-ecians;,
in drawing their
bow, did not pull back their hand towards their right ear3
according to the fashion of the ancient Persians, and of modern ages; but, placing their bow directly before them, returned
their hand upon their right breast.
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While noticing
this subject, we may also observe, that
Louis XI first abolished the use of bows in France, introducing, in their place, the halberd, pike, and broadsword.
The long bow was much iu use by the English archers, and
many laws were passed encouraging its use. In the time of
Henry VIII,
the parliament
complained
of the disuse of
long bows.
The bow is now laid aside altogether as a war weapon.
The arrows, made use of, were armed with barbed iron, and,
among the aborigines
of this and other-countries,
with a
stone, formed in ‘a particular
manner, many of which are
picked up in this country.
We have found them at West
Point.
The natives were in the habit of poisoning their arrows, by using a particular composition, not known; the effect of which, however, when the arrow penetrated into the
flesh, is always destructive.
of Southern
Lands)
Koggewein, ( Poyage for the Uiscovery
speaking of Batavia, observes, that, at this place, there are
some of the >Iacassars, so famous for their little poisoned
:u-rows, which they blow through a trunk. This poison is the
*juice of a tree, that grows in Macassar, and in the Hougie
islands.
They dip the points of their arrows in this juice,
x~J thrn Ict them dry. The wound they give is mortal.
.
‘Ihe n:~tivc’s of Ceylon are very dexterous
with the bow
and arrow; SCJalso are the Nottentots,
according to Kolben,
in his Voyage to the Lb/,- rzc Good Hope. A Nottentot arrow consists of a small tapcrrng stick or cane, of about a foot
and a half in length, pointed wikh a sn2all thin piece of iron
bearded, ‘and joined to the stick or ci:nc by a barrel. ‘l’heir
bows are made of olive, or iron wood, and the strings, of
the sinews and entratls of beasts. When they attack a lion,
tiger, or leopard, which they do with wonderful resolution
and dexterity, they employ slings (hassagayes)
and arrows,
which for that purpose are usually poisoned.
Ellis (fi qage for the D’ zscovery of a North- LVest P-‘ns,~~~g-~)
speaks of the bows and arrows otthe Eskimaux Indians, and
the facility with which they use them, but not of poisoned
arrows.
&Ioore, CT ravels iuto the interior
OJ~ Aj"; iiir)
observes, that a native took him to his house, and showed him
a great number of arrows, daubed over with a black mixture,
said to be so venomous,
that, if the arrow did but draw
blood, it would be mortal, unless the person who made the
mixture had a mind to cure it. For the man observed to
him, that there were no poisonous herbs, whose effects migbc
not be prevented b!: the application of other herbs.

Poisoned arrows, actor ding to various historians, were
used in the remotest periods of antiquity.
The mode of
treating wounds in the twelfth century, by using membrane
like the present gold-beaters’
skin, may be mentioned in relation to this circumstance. The Emperor, John Commenus,
accidentally
wounded himself in the hand with a poistined
arro5v? while hunting, and applied a piece of skin to the
wound.
The emperdr, however, died in consequence of the
wound, after it had become inflamed under the pellicle;
which, in large wounds, and when the skin is suffered to remain too long, is commonly the case, though the poison alone
we are informed, would have been a sufficient cause of death.
Other instances are also mentioned of death being occasioned
by the poisoned arrow.
On the subject of poisoned arrows, the following outline
is given on the authority of the author of the Dictionnaire
Be L’hdustrie,
vol. 3, p. 50.
The juice qf the Mazceniliel-, or the Lianes
ties Mar&,
called in Guyanne Curare,
is emploved by some savages.
The Arabs use the juice of a milky shrub. which they name
chnrk, and called hv the Persians gul&
samour.
Indian
arrows are said to be poisoned with the venom of serpents.
The islanders of Java rub their darts with the blood and venom of the lizard Gecko, which they kill, by,w&pping
it to
death. The needles of the Macassars, the$“poison with the
juice of a tree, which is said to belong to the cri~oz~aiof
America. At Ceylon they extract the venomous matter from
the Nerium,
or laurel rose; The ancient Gauls are said bJ*
M. Paw to have poisoned their arms with the juice of the
In some cantons of the Pyrenees and Alps,
Caprisiguier.
they express the juice of the roots of the Aconitum, (thora),
which they put on weapons.
XI. Charfes Coquebert, in a memoir read to the Philomatic Society, in 1798, observes, that the ancient European inhabitants employed three plants to poison their arrows;
namely, Veratrum
ahm,
Nelleborus viria’is, and Aconitum
Lysochonum.
There have been obtained from the Society Islands some
poisoned arrows, and a pot of the composition, in which they
It has the appearance of a black fluid extract,
are dipped.
and seems to be an infusion or decoctior: of some plants,
probably mixed with other substances.
With respect to the poisons obtained from the animal
kingdom,
they are principally
liqtiid juices.
Fontanz, in
particular, has paid attention to this subject.
The poison of
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the viper, which is contained in two small vesicles of the
mouth, when the animal bites, is forced, through the fangs,
into the wound.
If the vesicles be extracted, or the liquor
prevented from flowing into the wound, the bite is harmless.
Sharp instruments, as arrows, when they penetrate the skin,
being covered with the poison, will have the same effect.
Fontana made a set of experiments on the dry poison of the
viper, and a similar set on gum arabic, and obtained the
same results!
Small birds and’quadrupeds
die immediately,
when they are bitten by a viper; but to a man, the bite ,is
not always fatal.
The experiments
and observations
of
Franciai,
(Abrid’.
Phil.
Trans. ii, 8,) Mead, (On Poisons,
p. 35,) T.yson, (Phil.
Trans. vol. xii,) Fontann, Redi, Russel, the late Dr. Ramsay, of Charleston,
(P/zil. Mug. xvii,
125,) and Dr. B. S. Barton, (12nzer. Yilil. Trans. vol. ii, p.
, 100,) furnish an abundance of facts on the venom of the viper, and some on the antidotes to the bite. Dr. F. G. Gren,
of JZodern
late professor at Halle, in Saxony, (Principles
Chemzstry,
ii, p. 47), observes, in speaking of the experiments of Fontana, as the poison of the viper exhibits all the
characteristic properties of gum, whether the gum be merely
the vehicle of a peculiar venomous substance, which, upon
investigation,
escapes the notice of the senses? or whether
this action upon living bodies, so different from its usual nature, be imparted to the gum, merely by a change in the proportions of its radicals, so slight as to be unobservable
in its
chemical analysis?
Mr. Misson (Truvels
through
Germany
atld Ituly)
observes, that, at the arsenal at Venice, he saw some pocket
cross bows,. and steel arrows, with which the late l&d of
Padua used to kill such as passed by, without their kllowing
from whence they received their wounds.
Arrows were sometimes etnployed by the Grecians, for
conveying their Greek fire.
It seems, according to Gibbon,
1

(History

of the D ec I ine

und Fall

w

of the Roman

1

Empire,

vol.

vii, 284), that, among the different means of discharging it,
that with the bow and arrow was one. For this purpose,
flax or tow was dippecl in the composition,
and wrapped
round the arrow, which was clischargecl the moment it was
inflamed.
The Indians, and Africans
in particular, have been very
ingenious in poisoning several kinds of warlike instruments.
The blades of swords, the barbs of arrows, balls, &c. they
4D

have prepared in such a way, as to be extremely poisonous.*
See P&oned
Ball.
With respect to incendiary arrows, it will be sufficient to
remark,
that the barb, for this purpose, was furnished with
a composition, wl~~ch, when inflamed, was projected by the
bow to the spot designed to be set on fire. They were not
much employed, and at the present day, are entirely out of
UW.
Tow, for instance, previously
prepared with pitch,
meal-powder,
and turpentine, or a composition equally combustible, when wrapped round the head of an arrow, and
thrown at the moment of its inflammation,
would, in many
cases, set fire to buildings.
nut, as the present system of
employing
incendiary fire-works,
presents advantages decidedly in its favour, it is hardly probable, that the bow and
arrow will ever be employed by civilized
nations for that
purpose.
‘l’he ancient catapulta
was particularly calculated
far throwing incendiary compositions.
The catapulta was an engine, contrived
for throwing
arrows, darts, and stones, upon the enemy. Their
power
was so great, that they would project a stone of a hundred
Josephus, in notiweight with an almost incredible force.
cing this machine, says, that the stones thrown out of it,
beat down the battlements, knocked of%’the angles ~fthe !QWers, and had a force sufficient to level a deegfi& &@dl~s.
Sec. XLI.

Of PyrotechniFat

.*&Sponge.

This name is applied to the German black match, or tinder, used chiefly to receive the file from flint and steel. We
have, on a former
occa’sion, noticed the preparation of the
substance called spunk; namely, by immersing the fungus ir?
a solution
of saltpetre, and then drying it.
-J:Ccrtzirl
[J~~u!B,rre llave said,‘are made use of for this purpose, Botanists hate CCI tail1 rules for distinguishing
poisonous plants, from those
which are innocent.
Professor Eaton (Manual of Botany, &c. p. 17) observes, that plants with five stamens and one pistil, with a dull coloured
and of a nauseatiug sickly smell, are always poisonous; as
lurid cord,
tobacco, thorn-apple,
henbane, night-shade.
The degree of poisonous
property diminished, when the flower is brighter coloured, and .the smell.
less nauseous.
He also observes, that umbelliferous
plants of the aquatic
bind, sod of a nauseating scent, are always poisonous; as water-hemlock
,nd cow-parsley.
But if they grow in dry land, and their smell is pleacant, the?- are not poisonous; as fennell, dill, 6tc. Snap dragon, fox:lovc, and plants, generally, with labiate corals, and seeds in capsules,
,!re poisonous, and also those plants which exude a milky juice when hroken, unless they bear compound flowers; as milk-weed
and dog-bane.
It
15understood, also, that plants having any appendage to the calyx or
~c)rol, and eight or more stamens, are generally poisonous,

?yrotechnz”cai

Sponge.

There are various species of agaric.
The mushroom is a
genus belonging to the order Fungi, and the boletus ipiariUS, spunk, or touch-wood, called also female agaric, is employed, not only as a match, but as a styptic,
The fungous
excrescences, which grow upon old oaks, ash trees, firs, &cc,
are all used. for the’ same purpose.
The Germans take the
soft inner substance in preference to the hard, and after
beating with a hammer to render it still softer, they boil it in
ley, then dry it, and boil it again, in a solution of nitrate of
potassa, and finally dry it in an oven for use.
The amadou of the I?rench, is the same as our spunk, or
It is always made, like the latter,
pyrotechnical
sponge.
from various kinds of agaric, which constitute the spongy
excrescence of trees. The French prepare it for use in the
manner before stated. They prepare amadou, also, by SO~CThey sometimes eming ‘blue paper in a solution of nitre.
ploy it in the state of tinder, and, for this purpose,
burn it to
a coal.
In the East Indies, there is a white spongy plant, which,
when reduced to a kind of charcoal, furnishes a very good
tinder.
Spunk, or pyrotechnical
sponge, is generally made in Germany.
In the preparation of ordinary tinder, the best mode of
carbonizing the old linen, instead of burning and then smothering the flame, is to char the rags in close iron vessels. It
may be made more quick by soaking it in a solution
of nitre,
and then drying it.
Dry turf, or peat, is susceptible of inflammation
by the
spark, and, if previously soaked in a solution
of nitre,
the
Proeffect, we are told, is much the same as with spunk,
fessor Beckman (&tory
of Inventions,
i, p. 333), remarks,
that a spark falling accidentally on a turf moor, during ~1
. dry summer, often sets it on fire; and the conflagration it ocOf
casions, often lasts so long, that it cannot escape notice.
the earth taking fire in this manner, there are many instances
to
be found in the ancients.
One of the most remarkable,
is that mentioned by Tacitus, (Annd, lib. xiii, cap. ST), who
relates, that not long after the building of the city of Cologne, the neighbouring
land took fire, and burned in such a
manner, that the corn, villages, and every prcduction of the
fields, were destroyed by the flames, which advanced even to
the walls of the city. ‘rhis was certainly a morass set on
fire.
Gmelin (Travels in Russia, 1768-69, vol. i, p* 22) speaks
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of a morass in Siberia, where a village was erected, which,
on account of its situation, the inhabitants deserted,
This
morass was set on fire, and when he was there, had been
burning for more than six months; and being very inflammable, produced much devastation.
Turf, which consists of a congeries of vegetable roots or
fibres, partly in a dry and decomposed state, or partly carbonized, when separated from earthy matter, and treated in
the same manner as the medullary excrescence of wood,
may be advantageously
employed in like mantier; but it is to
be remarked, that for ‘this plu-pose, the small and more friable, and consequently the more decomposed part, should be
preferred.
That turf, or peat, has been used for fuel, from
time immemorial, there can be no doubt; since it is furnished
in some countries very abundantly,
and its inflammability
has been long known.
Sec. X.LIL
Of Extinguishing
Flame with Fired Gunpowder.
The different
methods for extinguishing
fire in chimnies,
by using salt, sulphur, &c. to smother
the flame, as it is
called, depend on one principle,
that of producing either a
gas or vapotir, which supplies the place of atmospheric air,
and as it is a non-supporter of combustion, extinguishes ‘the
flame.
Carbonic acid gas would have the same c&ct as the
sulphurous acid gas, produced
by the co&&&n
of sulphur, or the vapour of salt.
So long, however,
as the air ii permitted
to have a
draught, the fire will continue
to burn; and hence, without
making any remarks on the bursting of chimnies, by closing
all the avenues, by which the air enters, as the fire must
exert alateral pressure, this plan is generally adopted.
It has been suggested, and in fact the suggestion is by no
means new, that the smoRe of fired gunpowder would extinguish flame. Some recommend firing a pistol up a chimney
for this purpose, and others again, throwing
gunpowder into
the fire.
In the bictionnaire
de I’lndustrie,
iii, p. 31, I find some
remarks on this subject. Besides the use of gunpowder, the
vapour of water is recommended; but having some objections, among which, that of accelerating the current of air in
particular, it is laid aside. Intercepting
the passage of air
seems to be preferred.
It appears, that the person, who first suggested the use of
gunpowder
for this purpose, was a Zachariah
Greyl, of
Augsburgh, in 1720,
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- The effect was attributed to the vapour of the gunpowder
destroying the elasticity of the air; and the same effect is
said to take place when the vapour of sulphur, or of volatile
acids, is employed.
It is hardly necessary to add, that this
conclusion, of the diminution
of the elasticity of the air, on
which depends its fitness for combustion, (according to the
theory then advanced),
is altogether hypothetical;
and the
cause of the extinction of the flame, must be sought for in
the substances themselves, producing an atmosphere, which
is decidedly a non-supporter
of combustion.
The Journal de Paris for 1785, and the Afiches de’&ovince of the same year, recommend the use of brimstone. In
the same work, page 454, it is said, that marine salt is employed with success for the extinguishing
of fires; and that,
when a certain quantity is thrown upon the fire, it evaporates in an instant, and displaces, by its fumes, the atmosPh eric air. In 1723, M. Hoffer invented his machine; and
in 1781, M. Cadet de Vaux made some experiments before
Leroy, Lavoisier, and Macquer, oh the means of rendering
bodies incombustible
by saline substances, and different
modes of extinguishing
flame.
In 1723, the Germans announced, that, by means of a certain quantity of gunpowder, flame at all times might be extinguished.
The secret, for such it was then considered, has
been revived; for the same plan has lately been recommended
by a modern writer.
M. de Reaumur communicated to the
French academy, an account of this contrivance, by which it
appears, that the machine was a large box, or cask, that contained a large quantity of water; in the centre of which, was
placed a case of sheet tin, containing some pounds of cannon powder.
To this was attached a fuse. When it was
inflamed, the gunpowder
would burst the vessel, and disperse the water in every direction.
See the Journal dis Savans, 1725, p. 671.
In the Dictionnaire
de Z’hdustrie,
a prompt and certain
method is recommended for cleaning the tunnel of chimnies.
This is rather a novel plan. Of its efficacy we know now
thing.
It consists in taking a powder, composed of three
parts of saltpetre, two parts of salt of tartar, and one part of
flowers of sulphur, (or fulminating
powder), and exploding
it on a shovel up the chimney.
The explosion indeed may
detach the loose pieces of soot; but it cannot remove the
harder crust, and besides, it would endanger the chimney
taking fire.
We know that various contrivances have been used for the
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same purpose; and of the chimney cleansing machines, calculated to diminish the number of infant victims of a filthy
and disgusting operation, that of Mr. Smart appears to pass
sess every advantage, which (or a plan similar to it) is now
in use -iu our cities. A description of this machine, and
another--by Hornblower,
are given in Gregory’s Mxhanics,
The invention of Mr. Hornblower
consists
vol. ij., p. 138.
of a vessel, into which air is condensed, that communicates
with a tube, charged with small gravel, which being blown
up the chimney, brings down the soot.
Sec. XLIII;

Of the LvJYammable

Dari.

We take a
- This dart is made in the following
manner.
common rocket case, of one inch exterior diameter, and
charge it solid with the ordinary rocket composition.
Some
use one spoonful of earth, and three spoonfuls of the composition for fire lances, piercing the case, and attaching a quick
match.
This, however, appears altogether unnecessary, as
the rocket composition is sufficient for the purpose.
The
match, in either case, is fixed in the end to set it off. TD
the end of the case is attached a dart, made of iron, and very
sharp.
This dart is secured in the head, in such a...manz~
as to be kept firm.
A stick is then lashed.tg_t&&~in
the
usual way, It may be sent in the directiioeid.
It appears, however, that, although it is -calculated to be thrown
on an enemy, it has not been ~c,h used; nor can it be considered an -active weapon, Fompared with others, employed
for similar purposes. ,-One use for which it is recommended, is for the defence of buildings.

The iloz~~c-f~z~of the French, which we have translated
into firebrand, as the most appropriate
term in the present
instance, is used as an incendiary, and is nothing more than
a long stick, furnished
at one of its ends with two iron
prongs, with sometimes the figure of a dragon’s head, on
which is rolled thick rope, previously prepared in the same
manner as tourteaux.
One end of this rope passes between
the iron prongs.
The boute-feu is calculated to set fire to
It is only a
buildings, kc. after the retreat of an enemy.
convenient
and expeditious mode of communicating
fire.
One end of the stick is pointed, and usually covered with
iron, so as to stick in the ground.

Sec. XLV.

Of the .Fire Flask.

The fire flask, or fire bottle, is a bottle, either square or
round, and charged with grain-powder,
mixed with firestone, which is introduced
and compressed with a stick,
The bottle is then covered with a cloth, sewed on it, which
The mouth is secured with parchis coated with pitch.
It
ment. When used, a match is inserted, and inflamed.
is then thrown by the hand.
Sec. XLVL

Of the Trompe-Route.

The%npe-route
of the French is a light made use of at
sea, to deceive the enemy.
It is nothing more than a common fire lance, one inch in diameter, and twelve inches long,
fixed in the centre of a round plank, which, when lighted,
As it floats from the ship, the
is let-down upon the water.
lights of the latter being- darkened, the enemy, in pursuit,
will follow the light, and by this means the ship escapes.
Sec. XL VII.

Of Fire-Pots

for Ramparts.

Rampart fire-pots are used, when an enemy approaches a
They are furnished with grain-powder,
and charged
grenades without
fuses, and sometimes also with-fire stotie.
The -pots are ordinary
potters’
ware, and, when they mntain
the ingredients, are covered with parchment.
A match passes through- the- opening of the pot%and when used, is inflamThe following composition is also used
ed with a port-fire.
for rampart pots.
work.

Composition for Rampart Fire-Pots.
Saltpetre,
.
.
.
12 parts.
Meal-powder,
.
12 Sulphur,
.
. .
. ’
4 Antimony,
,
.
I
4 These ingredients
are mixed in a mortar with the oil of
petroleum, or, if this cannot be had, good spermaceti oil, and
made into a thick paste, about the consistence of dough, and
then rolled into balls. The pots generally hold two rows of
these balls, distributing
through
them grained
powder.
They are then finished by using fire stone composition, beaten into pieces, and mixed with an equal quantity of grained
powder, and covered with meal-powder to facilitate the infaammatjon.
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The pots are covered over with parchment, as in the former case. It is doubtful, whether fire pots, prepared in this
way, have any advantages over those, made in the manner
first described.
AS to the shape of fire-pots, some are cylindrical, and
others of the common figure. Sometimes they are furnished
with an iron hoop, with a hook of iron, by which they are
suspended.
They are used, when equipped in that way,
more for sea service, as a defence against small boats. l’hey
are hung over the side of the vessel, so as to come in contact with the boats. When designed in particular
for that
use, they arecharged
with the following composition:
Composition

for

Fire-Pots,

jar

sea service.

Gained powder,
.
.
e
6 lbs,
Meal-powder,
.
.
.
2-Saltpetre,
.
.
.
.
11.
Sulphur,
.
.
.
.
‘
0
.
Charcoal,
lb oz.
With this composition, grenades are used, which are put
into the pot with powder, fire-stone, &c. and a match is fixed
as before mentioned.
We are told, that fire-pots, prepared in this manner, are a
defensive, as well a$ a dangerous weapon, and that a. vessel
in the Indian seas was actually saved by them+ we:attacked
by pirates. It appears, that she endeavour&%&%scape
from
her pursuers, and finding it in vain, the crew thought of
making, and employing fire-pots, for their defence; as the
number of the pirates was greater than their own crew. The
effect was, that,not expecting that kind of reception, they were
obliged to abandon their enterprize.
There is an incendiary fire-pot, which differs from that
used in fire-works for exhibition, by being made of copper
and very stout. It is charged with pieces of fire-stone, previously rolled in a paste of meal-powder
and brandy.
A
charge of powder is put in the pot, and quick-match is fixed,
which must be sufficiently long to hang over the pot, and
then the fire-stone is thrown in. When the match is inflamed, the powder takes fire, and disperses the fire-stone.
The better plan is to have a communication
to the powder
below, as in the pots of ordnance, or mortars for throwing
fire-balloons.
We see no particular advantage to be derived
from the use of this pot; as a carcass or fire-ball, thrown
out of a mortar, will do more execution, and at a greater
distance than any of these contrivances.
‘The carcass rocket,
however, may be an exception, if we belteve the accbunt wt
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have of it. As an incendiary,
the fire-stone, put in a shell
with powder, is more effectual than the fire-pot, we have
just described.
Sec. XLVIII.

OfInJEmmable

Balls.

Count Rumford (Biblio thpgue Physico-Economique,
1812)
has invented a composition, which is very inflammable, and,
as it is used in balls, is for that reason so called. 1 Equal
parts of clay, pitcoal, and charcoal of wood, are mixed together, (having
previously reduced them to powder), and
made into a consistence with water fit to roll into balls.
These balls are then dried for use.
They may be rendered
more inflammable,
by soaking
them in a strong solution of saltpetre.
Count Rumford,
when he recommended
the use of clay
with coal, was aware, that, in the combustion of coal, a considerable part of the heat was lost; whereas, although clay
is incombustible,
a greater part of this heat is retained by
the clay, and given out gradually.
The inflammable ball may be considered more in the character of an economical fuel than in any other.
The only inconvenience attending these balls is, that, when
prepared without nitre, which must add to the expense, they
do not readily inflame; and, therefore,
a fire must first be
kindled, before they are used.
White noticing the use of clay in this manner, we may
remark, that the economical
bricR, as it is called, is made
nearly in the same way.
.Two parts of clay, separated from stones, are mixed with
one part of pitcqal. After the fire is kindled, the coal burns
in the same manner, and the clay bakes.
Another composition is given in the Ribliotheque Physicofor March, 1812.
It is composecl of potters’
Economique,
clay, cow dung, street dirt, saw-dust of wood, turf, horse
dung, straw, and tan. Resides these, pitch, tar, oils, and
other combustible substances, are occasionally used, either
with the above, or mixed with pitcoal in powder.
Observations on this preparation may be seen in the work
quoted, or in the Archives des Decouverte,
v, p. 137.
Sec. XLIX.

Of Pa&y’s

hJEammable

Powder.

We mentioned,
in a note to the article on guns, that
M. Pauly had invented a musket, or fowling piece, which
4E
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was discharged by percussion, instead of flint and steel, by
using a priming powder made of chlorate of potassa.
It may be proper, however,
to state, that the Rev. Dr.
Forsyth made use of a similar powder, and for the same
purpose, many years ago, of which we have already spoken.
M. Thenard also has given a formula for a preparation of
a similar powder.
A description of M. Pauly’s improvement
may be seen in
the Archiaes
des Decomerte,
for 1812, p. 158, and in that
of 1814, p. 170, where the composition of the powder is noticed; and also in me Bulletin
de la So&e’
#Encouragement,
for 1814.
This powder

is composed as follows:

Chlorate, or hyperoxymuriate
Flowers of sulphur
Charcoal of light wood

of potassa

-

ii oz.
3.

-

-

-

2-

They are mixed together with Cologne water, or in its
place with brandy, to which a small quantity of the solut ion
of gum arabic is added.
The ingredients must be made as fine as possible, and intimately blended together.
This powder may be inflamed by a hammet, or by the
condensation of air in a piston, a mode recommended
bY
Pauly.
.
We have seen a fowling-piece,
constructed according to
M. Pauly’s plan, and also the priming powder used.
Sec. L.

Of Extemporaneous

h-e.

l-here are several preparations,
which have the effect of
producing
fire either by friction, or chemical action.
Some
of these preparations, we have noticed. The causes of spontaneous combustion may be referred to chemical decomposition, and the change of quiescent into distributable
heat. We
remarked, that a mixture of chlorate of potassa and sugar is
inflamed, when brought in contact with sulphuric acid; that,
in the slaking of quicklime, the heat is sufficient to inflame
oils; that pyrites by decomposition very frequently sets fire
to combustible bodies; that oil of turpentine is inflamed by
nitric acid; that pyrophorus, when exposed to the air, takes
fire, and also phosphorus by slight friction;
and that, in all
cases of combustion, either friction, an increase of tempera-
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ture, or the action of some body, which is brought in contact,
are necessary to produce the effect.
Water, when added to some substances and preparations,
will produce fire. Thus potassium readily decomposes it, and
the potassuretted hydrogen gas, which is produced in flames.
The same may be said of phosphuret of lime and water; for
the phosphuretted
hydrogen gas inflames, when it comes to
the air.
On some occasions, these substances may be employed as
incendiaries.
Hanzelet remarks, that the following composition will produce inflammation
with water.
Extemporaneous
Linseed Oil
Spirit of Turpentine
White of egg
Quicklime

-

-

i
m

Fire.
:
-

lbs.
1w
1.
4
8-3

m
-

It is doubtful,
however,
whether this composition will
have that effect; although the heat produced by the slaking
of quicklime is very considerable, and, as we remarked,
spontaneous combustion, in several instances, has been referred to its agency. Lime, in the act of slaking, absorbs,
and chemically unites with, water, which becomes solidified,
converting it into a hydrate, whilst its latent caloric is set at
liberty.
This is a’ process, which puts quiescent heat in motion, to become distributable heat. See Introduction.
If the quantity of free caloric, thus generated, be sufficient,
the turpentine and oil will necessarily inflame.
We may add, therefore, that a rapid transition of caloric,
from a latent to a free state, as in combustion, is all that is
required to produce effects of this kind; and, in short, all
cases of spontaneous combustion may be accounted for on
this principle; by considering the cause., which acts in those
instances so powerfully,
and in some instances instantaneously, and which changes caloric from a quiescent to a distributable state.
Dr. Irvine refers all cases of combustion to a change in
the capacity of bodies for caloric; which depends on the
nature of the products: if they have a greater capacity, no
flame ensues, and the caloric remains more or less quiescent;
if they possess a less capacity, flame is the consequence.
There are exceptions to this doctrine.
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In the emission of caloric, Dr. Black supposes, that it is
given out, in consequence of the resulting attraction of the
new compound for caloric being less than that of its ingredients, when separate. lM.Curadou (Journal
de Physique,
1869)
observes, that, in preparing the artzj&&zZ stone, one-half of
which is composed of water, by mixing one part of sulphuric
acid with two parts of clay, and a sufficient quantity of water,
a higher temperature is produced than that of boiling water.
In this instance, we find that, in the formation of sulphate of
alumina, which envelopes the silica, the water is solidified,
as in many other cases, and, while it forms a solid substance,
the caloric of fluidity is liberated.
The heat, he remarks, is
sametimes so great as to set fire to inflammable substances.

This preparation (feu blanc Indien
of the French) is described in the Archives des Llecouverte,
&c. vol. ii, p. 300.
It appears, that it was kept secret in France, and was used
by the French astronomers for signals.
In 1807, M. de Zach published some account of it, in his
Astronomical

and Geographical

correspondence.

The case, in which the composition is put, is ten inches in
diameter and four in height; but may be of any size, according to the quantity of the composition to be burnt, and the
It was seen 44) mi’ies at sea. Generdegree of light required.
al Hay lighted, on the English coast, a case of this fire, which
was seen very distinctly on the French coast.
Composition

Saltpetre
Sulphur
Red arsenic

-

oJ W/de

-

-

-

-

Fire.

-

-

-

24 parts.
7-

2 --

This powder lights without explosion, and illuminates with
great brilliancy.
Care must be taken not to breathe the Arsenical vapours, which are produced by the combustion.
A case of six inches in diameter,
and six inches high,
The light is said to injure the eyes.
burns three minutes.
The price of this powder is equal to that of ordinary gunpowder.
The match, which accompanies this preparation
when it
is sold, is made in the following
manner:
Pulverize four
parts of saltpetre, two parts of gunpowder, two parts of charcoal, and one part of sulphur, and pass them through a seive.
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Provide then a number of paper cases, made in the usual
manner, or a roller, about the diameter of a quill, and two
feet in length, and charge with the composition.
This match, when used, is attached to a stick.
It will
resist the action both of wind and rain.
An artificer of Marseilles proposes the following composition for matches.
Sulphur
8 parts.
Saltpetre 4Gunpowde;r
2 Sec. LIZ

Of the Pyrophore

of Defence.

An apparatus for defence, called the @rophore,
was announced in a French publication in 1815. It may be applied,
according to the author, in 24 hours for the defence of towns,
roads, passages, and defiles,
The pyrophore itself is a sqc’are box furnished with a lid,
and sufficiently large to contain fifty pounds of gunpowder.
When it is filled, and p be used, it is fixed with cords, or
chains, in such a manner as to be conveyed to a given point.
The lid is furnished with cross pieces, which open it when
necessary.
At the sides of the box are rings, made very strong and
fixed in bolts, which go through the sides, and clenched. To
each of these rings, a cord or chain is attached, furnished at
each end with a crotrizet.
This cord or chain runs upon two fixed pullies, placed for
instance, at the two extremities of a battery, and is managed
by artillerists.
The pyrophore is under cover.
When it is
conveyed to a certain place, where a bar or grate is fixed, it
is stopped, by the contrivance before mentioned, the lid is
raised. and the powder falls into a kind of funnel or gutter,
at the end of which the explosion is made, to take effect.
It appears that the inventor had in view the conveyance
of a given quantity of powder to a particular place, and by
carrying a light to it by means of a cord, similarly fixed, to
inflame it, when it had arrived at its destination.
It is impossible to make a machine of this kind effective;
for the difficulty in arranging, and finally managing it, the
enemy taking means to guard against it, are certainly obstacles, and strong objections to its use. Other means of defence, which we have pointed out, are preferable; although
we admit, that, in some situations, a contrivance of this sort
might be advantageously
used, where, for instance, we wish
to deposite a quantity of powder, to be in readiness for the
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approach of an enemy, without exposing men to an attack.
What is more destructive than the thundering barrel, which
is furnished with grenades, &c. &c. if set off among the assailants? See, for a minute account of this contrivance, the
“ Pyrophore, ou J&ye’n de defen+se g&era/e,
par un garde national: 20 pages grand in 8~0. avec un planche. Paris Dondey Dupe, 1815,” and also the Archives des Deeouverte, tome
8. p, 281.

VOCABULARY
OF FRENCH
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WHICH

OCCUR IN THE

WORK.

Aigremor~
Pulverized
charcoal, proper for fire-works.
A&rette. An imitation in fire of the aigrette; like the aigrette
of glass.
Ailerous.
They are used in making rockets.
Amadou.
A kind of tinder made with agaric.
Ame.
This is more particularly
used to express the kind of
The term, however,
work, put in the head of a rocket.
is arbitrary.
Amorce.
Priming:
a paste of powder and spirit of wine.
Arguer.
A name given to a particular
shaped case.
Artzjke,
feu d’.
Fire-works;
artificial fire.
Auget.
The wooden trough to contain the saucisson, which
communicates fire to a mine.
Baguette.
A rammer, roller, former, &c. ,
Baguette
d charger.
Rammers or chargers, pierced with
holes in their length, more or less, to receive the piercer.
They are applicable to the charging of rockets, if they are
to be driven hollow; if not, solid rammers are employed.
Baguette
d feu. * Fougette;
East Indian rocket.
See page
529.

d rouler.
A former, on which the pasteboard or
paper is rolled, in forming cases for rockets, port-fires,
&c. i&c.
Baguette
de fuse’e volnnte.
Rocket stick.
A stick, attached to the rocket, before it is set off.
Baguette
en massive.
Rods or rammers, which are not
bored.
Bague suspendue aux cendres d’un J;L A ring suspended to
the ashes of a thread.
Ballon.
Balloon; a bomb cr shell, made of pasteboard,
which is thrown in the air by means of a mortar.
Ballon h bombes.
A large globe, filled with bombs grenades,
8~. fired by means of a fuse, and thrown into the works
of the enemy.
Ballon
d’Artz$ce.
A bomb, or spherical case, containing
sundry compositions.
Ballons
d’air.
Air Balloons.
lWallcns d’eaw.
Water-Balloons.
Baguette
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The process of pounding, grinding, and mixing,
with water, the three substances, composing gunpowder,
to
It is performud in
reduce them to a proper consistency.
wooden mortars, with wooden pestles, furnished
with a
brass box to agitate the water.
The time, employed in
the battage in France, is from 14 to 22 hours.
Bateuu-poisson.
A diving boat.
A billot for charging; used occasionally
Billet
h charger.
in the place of a mallet.
B0i.k
A species of small mortar.
It is used, also, to express a piece of wood or pasteboard, used in the arrangement of some fire-works.
Bounetage.
The covering of priming over a case, or fuse.
Literally puffs, or blasts: in Pyrotechny, a kind
Boufces.
of fire-works, used in theatres, to represent the flames, isThey are
suing from gulfs, or the caves *of Cyclops.
also called Cornets, from their resembling horns in their
shape.
Bouite feu.
Lintstock.
Bouton.
The extremity of the culot is sometimes so called.
Brin.
Frame.
The frame on which are placed or fixed,
fire-pots, saucissons, 83~. Hence pots de &-in, &c.
C’arabr 01”Karabe’.
Yellow amber.
Means in general, the pq%r for cases.
Carte de JZoulage.
Conical head of a rocket.
Cfiapiteau
d’artifice.
Chasse.
Charge of grained powder for m&-tars, &c.
Chevelure
de feu. A species of furniture for rockets, in the
form of serpents.
A marine term.
Chelingues.
A kind of flat bottomed boat,
used on the coast of Coromandel.
corde c2feu.
Match rope. Slow match.
A match to preserve a small quantity of fire.
Courantin.
A messenger, runner, or flying dragon; a rockSee page ;345.
et, that flies along a rope or string.
Courantin
simple.
A line-rocket.
A rocket fixed on a cord,
stretched horizontally on which a rocket moves.
Cmrantin
double.
Two line-rockets,
Courier pigeon.
Carrier pigeon.
See page 490.
C’uZot. Bottom; the thickest part of a shell, opposite to the
The round iron plate,
eye; also called reinforcement.
fried upon the sabot, or shoe, for cannister shot, or at the
bottom of the cannister, to project the shot with more
force- .-The
bottom, or block, which supports the piercer
and mould for charging rockets, (see plate, fig. I):-That
part of a cannon cartridge, which remains in the piece afrer firing.
Battage.
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A small fougasse, to act against the enemy’s
miners, who are heard at work, to suffocate them and poison their branch.
Dauphin.
A fire-work in water.
Debonneter
une fuske.
The paper cover, put over the priming of a fuse.
Eaux de cuite.
Literally,
water of boiling.
The strongest
lixivium obtained in extracting nitre from plaster rubbish.
It must mark more than five degrees of Baum6’s areometer, and is called water of boiling, on account of its being
sufficiently strong, to be immediately subjected to boiling,
for further concentration.
Eaux forte.
Lixivia from plaster rubbish, which mark between three and fire degrees of the areometer.
Eaux faibles.
Lixivia from plaster rubbish, whose strength
is under three degrees of the areometer.
Eclair,
ou jet de Jlame.
Several fire-works are so called from
their effect.
Eclatante.
A case charged with brilliant fire.
Epoussetage.
The process of separating the dust from gunpowder; also of separating mealed powder, from that which
is not reduced.
E’rouvette.
Gunpowder triers: an instrument
for proving
gunpowder.
Etoile.
Star.
_ Etoilei9 d.pet.
Stars which explode.
Entonnoir.
The crater or tunnel of a mine, as formed by its
explosion.
- _.
Etoupille.
Quick match, leader, match of communication;
cotton or thread mixed in a paste, composed of mealpowder, spirits, and a small portion of gum.
Etrangkr.
Strangling;
choaking.
The closing of a case,
and tying it.
Fanaux
de JIer.
Ship lights;-Beacons
for vessels in the
night;-watch-lights.
Feu blanc Indzen.
Chinese fire.
A bright vivid fire. Thus the fire, produced
Feu brilliant.
by steel and iron, in fire-works, is dtnominated
a brilliant
fire.
Feu commun.
Common fire.
A fire produced by the mixture of powder and charcoal.
Feu mort.
Dead light; dead fire. See page 485.
State or public fire-works.
Feux de Gouvernment.
Filagere.
The thread used for strangling.
4F
CamouJet.

A species of rocket, which, from its effects
in the atmosphere, is called the comet.
Foudres.
Thunderbolts,
lightnings;
in pyrotechny, the preparations, used to imitate thunderbolts;
thunder powder.
A case or rocket, which imitates thunder:
Foudroyante.
Fougette.
(See Baguette d feu.)
Eougnsse.
A small mine.
Fou,pes.
Small rockets, without sticks.
Fourneau.
Furnace.
A mine.
The chamber of a mine.
Fhse’e.
Any sort of composition, put in a cylindrical case.
In English, however, the term fuse is confined to particular compositions; as fuse for bombs, howitzes and grenades.
Fusies chevellles.
Bearded rockets.
See page 424,
Fuse-es Sunrorce.
Priming fuses.
Fuskes volan tes.
Flying or sky-rockets.
Garniture.
Garniture, furniture, embellishment,
ornament:
in pyrotechny the small fire-works, such as stars, serpents,
marrons, &c. which are put into the pots of sky-rockets, into fire-pots, &c. The petards with which the pots of incendiary rockets are charged.
Gargousse.
Cartouch, cartridge.
It more properly means
the sack, or bag for containing the charge of powder for a
cannon, when the bag is made of paper or parchment;
but
when it is made af serge, it is called sachet. (See sachet.)
Gira&o/e.
Chandelier
in pyrotechny,
two or more horizontal wheels, placed ab e one another and turning upon
the same vertical axis. -3vll-m
of diKerent sizes, these
wheels resemble a, chandelier;
hence the name.
Girande.
A cluster, or assemblage, of several hundreds or
thousands of rockets, thrown up at the same time.
Several clusters may be arranged in different boxes, and fired
separately with regular intervals, or all at the same time.
It is
In either- case, the assemislag:: is called a Girandc.
also called gerbe.
See gerbe, and page 455.
Gerbe.
Sheaf; a fire-jet case, charged with the composition
for brilliant or Chinese fire, which is thr(j\r:ij uut in such
a manner as to represent a luminous sheaf. A group of
fuses, or fire-jets, fired at the same time, also bears ahis
name: A Chinese tree.
Grennyp.
Thr graining
of gunpowder,
Glace hflammuble.
Inflammable ice,
LissaCge.
‘I’hc glazing of gunpowder.
LarcEon.
This term generally signifies all those small fireworks, which arc sold in shops; such as serpents, squibs,
Flamboya~zte.
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crackers, kc.; but, more strictly, it signifies the largest,
and strongest kind of serpents.
Lance d feu.
Squib, fire-lance, or simply lance.
Lance de fru.
A species of lance used by garrisons against
scaling parties.
Lance Iri feu pant.
Stink-fire lances, used by miners.
Lantwne.
Literally lantern; a copper spoon, or ladle, used
instead of cartridges for conveying the charge to the bottom of a cannon. Th ey were formerly used in all pieces,
but at present only in siege and garrison pieces.
Larmes 2 feu.
Fire-tears, or drops; tears.
Lianes des Marais.
A species of convolvulus;
bind weed.
Marpuise.
Marchioness;
a rocket having an interior diameter of two-thirds of an inch. When it has the diameter of ’
five-sixths of an inch, it is called a double marquise.
Machine
Inferdle.
Infernal machine.
Mosaic; the imitation of mosaic in fire-works.
Mosaipue.
Meurtrieres.
Literally Murderers: applied to those modifications of any species of fire-work, which fit them for the
destruction of an enemy.
See fus6e de partement.
Partemenf.
Partement,
futps de. Sky-rockets, having an interior diameter of half of an inch. When the diameter of the rocket
is onIy one-third of an inch, it is called I’etit Partement.
Paratonxerre.
Lightning
rod.
Patte d’oie.
A goosr’s foot: a kind of fire-works, so called
from their resembla:lce to a goose’s foot:-A
term in mining to signify three small branches, which run out at the
extremity of a gallery.
Pots ci feu.
Fire pots: they are thrown upon the enemy in
the attack or defence of places; but are not so much used
as fire-balls and carcasses: pot granado.
Pots

des Brins.

pots de Chasse.

See page

364.

See page 360.
Pots des Saucissoxs.
The pots of saucissons.
JJZuie d’or.
Golden rain.
Gold powder.
Poudre d’or.
Porte feu.
Port-fire; also a leader.
This name is generally given to all kinds of
Piice pyripue.
fire-works; composed of fixed and turning pieces, which
would require a great number of words to describe separately; but it is more particularly
given to a kind of mechanical contrivance of fixed and turning wheels, one of
which communicates fire to the other, and vice versa. See
page 412.
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Ricochet. A bound, leap, or skip, such as a flat piece of stone
makes, when thrown obliquely alung the surface of a pond:
The bounds, which are made by balls, fired with small
charges, and under angles of little elevation, either upon
Fire-works,
which leap or roll on the
land, or water:
ground.
xpche ci feu.
Fire-stone.
&Wtage.
The process of drying either gunpowder
or fireworks.
Saucisson.
Sausage: in pyrotechny, a sort of fuse or petard,
still larger than the lardon:-A
cylindrical bag of powder
to convey fire to a mine;- A bundle of sticks, used in fortification.
/ Soled montant.
Rising sun.
Sachet.
Satchel: the bag or .sack of a cannon cartridge,
when made of serge.
Tourteaux.
Links: see page 500.
Tourteaux goudronne’s.
Tarred links,
Zurbillon.
Whirlwind,
vortex: a table wheel.
A whirlwind of fire; fire-wheels, which
Tourbilion de feu.
rise or fall in the air; also called rising or falling suns.

INDEX.
A.
Page. Aphlogistic lamp,
170,
hensiOU Of &ace i~$ammrble,
40
171
with camphor,
Accension of spirit of turpentine,
- 21,442
51 Aquatic fire-works,
Accension of phosphuretted hydrogen
Aquafortis,
49
85 Archbishop of Magdeburg had nitre
Accension, sz:taneous, remarks on 288
52
districts,
Acid of borax, use of, in fire-works,’ 221 Arrow, poisoned,
- 567
Aigrette, pots of,
363 Archbishop of Triers, granted priwhy SDnamed,
vileges for searching for
ibid
Air-works,
- 1 _ 347
53
nitre,
Alcohol,
168 Artifice of destruction,
- 267
tbe flame of, how coloured, 20,269 Artificial nitre beds,
69
its compound with water, Qc. 169 Artificiai flower pot,
- 10
its use in fire-works,
168 Artillery, how fired by sulphuric acid, 75
its proof, or strength, how as471
match,
certained,
170
rod, - 474
used in the preparation of
187
Arsenic, sulphurets of,
fulminating mercury,
ibid Arrows, ased to attract lightning,
31
burns without smoke,
ibid Asbestus, or Amianthus, wicks of
26
Alexander the Great, surprised
Ashes, wood,
192
with the effects of naph15.5
Asphaltum,
.
tha,
ibid
- 32, 153
used as a cement,
Albertus Magnus, published an ac- 200
Aurum Musivum,
count of the ordeal
238
Auger rammer, what,
by fire,
38
size of, for boring rockets, ibid
on the Greek fire,
- 551
98 Auget in mining, what,
timadou; see Pyrotechnical sponge.
- 419
-4utomatons of fire,
- 272
Amber,
156 Aurora, composition for,
used in odoriferous fire,
157 Azote, iodide of, a fulminating
found in the United States, ibid
177
compoundt
black; see Jet.
in nitre beds, furnished by
Ambergris,
- ibid
animal matter,
70
American Turtle, what
- 515
122
quantity of, in nitric acid,
Ammonia, muriate of,
184
disengaged from gunpowder, ibid
Analysis of gunpowder, in what it
quantity of, disengaged from
- 123
consists,
140
powder,
60
Ancients, fireaworks of the,
;
261
exists in miasmata,
61
as exhibited in theatres,
ibid
carburet of, in miasmata,
ib.
made chiefly in wooden
different combinations of
tubes,
.
262
13.
99
illuminated on birth days, 428 Bacon, Roger,
Anelzin, Constantine, supposed to
received his knowledge
have invented ginpowder,
99
of gunpowder,
- ib.
Animal poisons, for what used,
568
his work,
containing
Animalcula,
34
the composition of
powder,
Anglesea, Island of, furnishes sulib.
his opinion of the manphur from copper pyrites,
80
188
ner the Midianites
Antimony,
.
ib.
Antioch, had some public lamps, note.428
were defeated,
knew gunpowder before
Anna Commena, her formula for
f
98
Schwartz,
99
Greek fire,
-
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Balls, incendiary,
.
smoke,
s
stink,
polsoned,
inflammable,
red-hot,
Balloon wheels,
Balloons of grenades, bombs and
stone,
Coeborn, Republican,
of serpents,
of crackers and marrons,
compound,
eight-inch, B;c.
ten-inch, &c.
observations on,
Table respecting
Mortars for the charge
of,

-

-

-

92 Bodington, invented a machine to
449
prove powder,
139
ibid Bologna phial,
214
ibid Bones, charring of,
94
577 Bone and ivory,
220
449 Borelio, his process for regeneration, 34
394 Bottle, phosphoric fire,
85
Bombs, howitzes and grenades,
487
559
tables respecting:
4si)
351 I
537
incendiari, of &gF;rri,
35:
composition of, 556
351
where said to have been
354
504
invented,
ibis
succouring, an account of
35”‘
Bell’s,
544
351 Brass,
197
35E Brand, fire,
574
356 Brick, economical: 577
Brilliant stars,
18
ibis
fire,
”
”
271
354 Brins, pot< dc, - 364
75
5: Brimstone,
ft 4:
roll,
80
how obtained,
ib.
156
how to determine its purity, 83
145
8“flowers of,
31 Browning of gun barrels,
204
Browne, Dr. on nitre caves, 54, 55, 58
255 Broaze,
19s
5S Brongniart’s directions for refitring
523
62
saltpetre,
174
406 Brugnatelli’s fulminating silvef,
253
ibid Bullock% blood, paste made with,
147
5c9 Burgundy pitch,
503
ibid Burning barfel,
composition for the
504
Bgzantium, illumination of,
21
3%
161
C.

fuses of,
composition for the
cases for,
Barbadoes tar,
Barras,
Bar-Cochebra, the rabbi, his deceptions on the Jews,
Barrow’s account of Asiatic firervorks
the nitre caves of Airica,
Battle of the kegs,
Batteries of Rou~m caudles,
$los.lic candles
Bnvins, for fire-ships,
composition for,
Beckman, his remarks concerning
jugglers,
Bengal lights,
Benzoin,
A
Benzoic acid,
- . ibid Cnbiset de Covnposition,
235
If31 Cadet, his mode of discharging guns, 477
Benzoin, why used in fire-works,
flowers of,
ibad Csnduceus rocket,
341
Berard, his improvement in refining
Cagliostra, the imposter,
- 33
nitrc,
67
his pretensions to the
Bertholet, proposed chlorate of potmiraculous,
ib.
7G
assa for gunpowder,
his phial,
i5.
his fulminating silver,
174,
Cardan’s account of his
Bergamot, the essence of, used in
phial,
ib.
odoriferous llambeaux, 28s I Caesalpinus, his comment on Aristotle, 34
Bigot, his observations on rockets,
540 Callinicus, the inventor of the Greek
Bistre, how prepared from woodfire,
673
soot,
146 Calamine stone,
195
Bitumen, elastic,
- I55 Calcareous caverns mostly contain
solid,
ibid
nitre,
54
Black, ivory,
90 Caligula, caused Rome to be illuBlack lead,
- 209
minated,
24, 4’S
Black amber,
157 Camphor,
157
Blue vitriol,
222
used in candle-making;
159
Blue stars,
18
obtained from the Laurus
15s
Boat, plunging, 514
Casyhora,
crude, how refined,
ibid

INDEX.
Camphor, properties of,
158
we of: in tire-works,
160
ibid
the.dame produced by,
Candles, Roman,
- 380
cases for, and effect of ibid
manner of charging
the,
ibid
manner of firing,
ibid
Nosaic,
381
duration of,
439
light of,
ibid
Ure-s experiments on, ibid
Cannon, history of
456
how originally made,
457
different kinds of,
459
465
opinions respecting,
Carbon, gaseous oxide of,
89
different combinntioos of,
ib.
quantity in different coals,
how ascertained,
- 151
Carbonic acid,
ss
Carbouiz oxide gas,
S9
ib.
Carburcttetl hydrogen gas,
LO
Cartwright’s fire works,
165
Caromcl,
_
Carbonate of Ammonia,
- 185
zinc, impure,
195
potassa,
IS9
Castera’s Plunging boat, some nccount of,
514
Caprices,
400
cracking
-407
Cascades of fire,
- ’
404
Carneg, M. his process for gunpowder,
110
Carcass rocket,
530
452
Carcasses,
how made, - 49s
table of the dimensions of, 494
uses of,
- 492
composition of,
494
a general rule for their
preparation,
- 495
composition for covering, 496
how discharged from mortars,
497
inextinguishable,
493
Cartridges,
- 462
musket,
.
464
cannon, - 467
used in seiges, what
kind of,
466
ibid
cost of, in France,
ball for, calculations
respecting, - 463
dimensions of the sacks
for,
468
cannon, of what composed,
ibid
table relative to,
- 469
Bigots table on the
charge of powder for, 471
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Cases, &en drove solid, observations on,
- 237
how distinguished by their
diameters,
.
ibid
charging of, without moulds, ibid
nipples for,
ibid
when charged solid, how bored, 238
rolled wet, for wheels and
fixed pieces,
- 244
for turning pieces, of what
length,
245
for Roman candles,
ibid
fcr serpents,
ibid
for fixed stars,
ibti I
tourbilIon,
- i5itE
balloon, how made,
ibid
for illumination port-fires,
24G
lances,
- 247
for common port-fires, ibid
paper for,
. 250
paper, preferred to wooden
tubes,
. 262
used by the Chinese, ibid
for reports,
- 301
fi;tr crackers,
300
322
for fire-pumps,
M
- 344
for ~.>lls
priming o;! 370
whitening of,
standing and fixed, compositions for,
386
Catamarin
514
invented by Fulton,
ibid
Caves, nitre, of the United States,
54
Celsius, his writings against the Magi, 27
Cement, Japanese,
252
_
ee*2s111,
219
e
~ir~~~rtetlrockets,
342
Chapiai, his approval 0; Carneys
pm’ess,
110
his observations on salt67
petre,
Christians in the first century, il- *
luminated,
.
. 24, 428
Charcoal,
.
57
.
.
accension if, by nitric acid, 51
from damaged gunpowder,
72
quantrty of, for decomposing
100 parts of nitre,
96
used iu tire-works,
.
87
decomposes nitric acid,
ib.
nitrate of potassa, 96
properties of,
. \ .
S7
destroys the empyreumatic
flavour of liquor,
.
ib.
burns in oxygen gas, &c.
SS
one of the constituents of
gunpowder,
.
. 59
90
how made,
how made intensely black,
96
for gunpowder, how prepared,
.
.
. 9A
l

-

.

-

-

as.:

l,UUGX.

Charcoal, wood used for making,
94
Charred pitcoal,
.
.
.
90
Chargers,
.
.
.
. 231
Characters, used in pyrotechny,
230
Champy, M. his process for gunpowder,
109
Changes, in sun pieces, hbw elected, 396
Chemical effects in fireeworks,
2
changes,
*
ib.
Chimnies, diffcreot modes’of cleansing,
573
.
Smart-s machbe for,
574
Chinese fire,
.
.
19,371
works,
.
255
preparation of the iron
.
201
for? .
conposrtton of, as used
in theatres, 265
for table
272
works,
peculiar art of the, in making fire-works,
.
255
flyers,
.
.
.
303
cases for,
.
. ibid
how
filled,
.
. ibid
ibid
use of,
.
.
405
fountains,
.
252
paste, how maie,
.
iron sand, different numbers of the, how
made,
.
202
lacarvilJe*s account
of the,
202
Woratc of potassa, in fire-works,
accension by,
2;
experiments with, ib.
how made,
74
composition of,
75
decomposed by
combustibles,
‘75
and sugar, give
tire with sulphuric acid,
ib.
effects of, with
charcoal and
sulphur,
76
in lieu of nitre
for gunpowder, ib.
serious accidents
from,
ib.
proportions of,for
powder,
ib.
powder made with,
stronger than the
common,
. ib.
powder of, experiments with the ib.
for rockets,
77
how used to di’scharge cannon, 75
Choaker,
_
233

Choaking, how performed,
.
243
contrivance for,
244
Cicero, lamps lighted in honor of, 24,428
Clay, uses of, In pyrotechny,
.
193
bow prepared for use,
.
194
Cleaveland, professor, his notices of
saltpetre caves,
.
54
149
Coal,
.
.
common
ibid
pit,
. *
’
‘. ibid
.
ibid
component parts of,’
character of,
.
.
ibid
what kind of, best for fire.
works,
ibid
surcharged with bitumen,
how it burns,
.
.
150
ibid
American,
.
.
use of, in the arts, .
ibid
kinds of,
.
.
quantity of carbon in, how ascertamed,
.
.
151
why used in fire-works,
.
ibid
analysis of,
.
.
ibid
origin of, .
152
Coke,
.
.
’ ,
’
90
ovens,
.
150
*
.
Zoehorn balloon,
.
.
351
illuminated,
. ibid
of serpents,
. ibid
ibid
of crackers,
.
compound,
. 352
Colophony,
.
.
. 147
Zolours, how communicated, .
. 19
Zomhustion, spontaneous, how occasioned,
.
.
323
accelerated or retarded,
1
produces new compounds, 2
products of,
*
. ib.
of metals,
.
.
4
of sulphur with nitre,
49
Common stars,
.
.
,
18
Compositions, remarks respecting
particular,
.
9
how preserved,
. 235
sundry, for fire-works,
tabular view of . 317
effects of particular,
36-i
for variations, for sun
pieces,
.
. 396
to preserve the fuses
of shells, &c.
. 485
for dipping curtains,
511
bavins, &c.
for priming for fireibid
ships,
.
for se! ting tire to faStines,
.
ibid
for hoops, ‘fire arrows,&.
. ibid
512
for kitt,
.
.
>ondensing syringe,
.
.
. 276
l

ibid

INDEX.
Courantines, or line rockets,
345
Constantius, alarmed at some feits
31
by fire,
24
COnStantinOple,
illumination of,
hy order of
Constautine, 429
Cornelius, the Rev. Mr. his description of a nitre cave, . 58
Corrosive sublimate.
.
.
186
use of, in fireworks,
.
ibid
Copal,
.
164
Cotton, .
. * . - . 219
Counter-mines,
.
.
551
Crackers of fulminating silver,
173
bow made for fire- works,
300
report of, hoK caused,
ibid
Waterloo,
.
.
273
Crawfish, process for regenerating,
34
Cramer’s experiments on the formation of nitre,
.
70
Cross-fire, what,
.
*
406
Crowus and globes, compositions*for, 390
Cruikshalik, his process for making
fulminating silver,
’ 174
Curtains, for fire-ships,
.
. 510
Cyanogen,
.
.
*
.
89
Cylinders, or rollers, a
.
. 230
Cyphers in fire, bow made,
.
324
l

D.
Dana, his remarks respecting vapour
in combustion,
.
.
434
.
Dart, the inflammable,
. 574
Bad fire, f& p&els,
.
.
389
light fu+?,
485,
Deceptions by fire, &&II&;
.
Deco1 ations for fire-works,
Deflagrarion of nitre with crude atitlmony,
60
Delian problem, (note)
. * . 28
Dcliquescent salts in nitre,
38
Desaguliers, his remarks conc&ning rockets. See Rockets.
Destruct&, artifice of,
26i
Detonation vith nitre and phosphorus, 49
Detonations, sundry with chlorate of
not&sa.
75
s&dry exberiments to
l

593

Don Pedro,
.
.
.
D’Orval, his account of aquatic fireworks,
.
.
Dragous, in fire-works, edhibitions
.
of,
~Driver for charging lkrge rockets,
Dryiug of powder,
.
Duponts, the Messrs. tde cbaiacter
of their powder,
.
Dusting of gunpowder,
Dung of camels, used as f&l,
’

99
272
266
233
112
73
112
418

El
.
.
64
Eau de mite,
.
ib.
Eau forte,
.
.
.
.
Eau faible,
ib.
Europeans, ancient, their poisoned
arrows,
.
.
568
155
Elastic bitumen,
.
.
*
aeriform fluids,
.
.
6
166
Electron,
.
.
.
.
Electricity, effects of, on iuflamma276
ble bodies,
426
Sllihichus, (note.) .
.’
.’
&mpedocles knew the effect of burning glasses,
.
562
* 418
Endless screw,
.
.
.
138
Eprouvette,
.
:
.
.
ibid
of Hutton,
,
.
ibid
improved,
.
.
of Darcp, .
.
. 76
of Regnier,
.
. 77
of Ramsden,
139
Dr. Hutton’s opinibn of
’
the,
.
.
. 13s
Eruption, volcanic, .
.
.
263
substances which
produce,
.
ibid
Essence of spruce,
.
.
147
Ether, pbospho~tzed,
.
. * 85
Essential oils,
*.
’ i:z
Etoupille
of the Fiench,’
bow prepared, .
.
297
Ewel, his patent for making gunpowder,
.
.
.
118
Examination, chemical, of nitre,
72
ExhiLitl6n of fire-works,
.
. 453
Experiments, sundry, with detonating subst:gnces,
. 273
Extemporaneous fire,
.
.
578
various kinds of, ibit!
by chemical action,
.
ibid
Hanzelet’s composition for, (ii9
remarks on,
ibid

Detonating mixtures with phosphorus, 85
.
. 274
girdle,
.
powder from indigo,
177
tape,
.
.
274
.
179
oil,
.
works,
’
273
balls,
.
. ’ 274
275
F.
Devices, variously formed,
1
324 Fascines,
.
.
.
s7
bow made, .
.
Diamond, pure carbon,
Dodecaedron, reprrsentation’of,
’ 403
to what use applied,
4G

.

501
, ibid
,

ihid

534
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Fascines, various kinds of,
501 Firespouts,
.
.
. 367
25
ComPositions for.
.
ibid
Feast of the lanterns inChina,*
.
Feast of the lamps,
.
.
427
blue, for darasols and cascades, 369
Feast of the dedication of the Temradiant,
.
.
ibid
ibid
ple,
.
.
.
.
green,
.
.
.
ibid
24
Aurora,
.
.
Festzcm encccnicrum of the Jews,
ibid
Fevers, malignant, supposed causes of, 60
Italian rose,
.
.
ibid
Fight, with small ships, how repreeverlasting, what,
154
sented,
.
451
jets, different appearan’ces of, 370
Fire, feats performid wit&,
.
26
how used,
.
.
ibid
works of, general basis of,
19
Chinese.
.
.
371
works, to show in sparks, &c.
20
’ red,
.
. 372
for rootns, of what made, 21
cast iron: used in the, 371
substances used in,
. 48
iron sand in the,
. ibid
rain, incendiary,
.
560
375
applications of the,
composition of,‘560, 561
has little force,
ibid
on wheels. its effect, ibid
observations on,
ibid
gave rise to the firefor calibers under
stone,
562
10-12&s of an inch, 376
for other calibers,
ibid
Greek,
.
..
.* 544
for Palm trees and
of what composed, . 645
cascades,
.
flasks,
.
.
.
.
575
ibid
white.
.
.
stone, what,
.
205
ibid
for gerbes, .
.
ibid
produced hy percussion:
:
273
255
wdrks in general,
.
.
works for exhibition, the arrangeinvention of Europe,
. ibid
ment of,
-.
. - 387
.
. ibid
af Pekin,
bow arranged, .
. 453
known in Cbi6a from time
incendiary,
.
. 490
immemorial,
.
ibid
general account
of the,
. ibid
Chinese not surpassed by
number of the, ibid
any nation,
. ibid
569
Barrow’s account
slow, for wheels, 1 F-s ;
.
ibid
of the,
.
ibid
dead, for why&+~-~
. 400
nrrangement of, .
. 256
wands, L
.
.
a system of, what,
cas&esBf,.
*
.
.
ibid
404
of inflammable air,
galleries of,
.
.
.
406
globes,
.
.
.
. 420
Frazier’s opinion respect257
ing,
.
.
.
crayons,
.
.
.
286
ordeal by,
. . ..
37
globe, aquatic, .
.
445
works at VersaillesAnd Paris, 257
representation of figures in, ’ 423
of the ancients,
.
261
ship, in miniature,
.
. 451
theatrical,
.
.
262
for service,
507
rain for theatres,
.
preparation of a’,
.
ibid
composition of, 264, iO9, 3:604
uses of a,
.
.
ibid
31;
stores required for a,
510
in Chinese fire, 265
fire-barrels for a,
.
ibid
267
spur,
.
.
.
.
composition for, ibid
composition of,
.
26s
stone,
.
.
. 431
works, portable,
.
.
271
its use,
.
.
ibid
scented,
.
.
. 233
of what composed,
. ibid
cautions to be used in maktables,
.
.
271
pots,
.
.
. ’ 365
ing,
.
.
.
ibid
for ramparts,
.
. 575
on what its goodness decharge for, .
.
. 366
peods,
.
.
. ibid
brand,
.
.
. 574
bow made more inflammapumps,
*
.
. 322
ble,
.
.
.
ibid
compAition for,
.
ibid
composition of,
.
. 492
cases for, how made, . ibid
origin of,
.
.
. 491
bow charged,
ibid
composition, used for carcasses;
jets,
.
.
367
see carcasses.
678
extemporaneous, how made,
balls,
.
.
. 492

l
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Fire balls, composition of,
494 Foudres, what,
,
.
265
table on the dimensioL3 of, ibid Fougasses,
.
.
554
how they differ from carFougette,
.
.
, - 529
casses,
,
. 492
improvement on the,
530
composition for coviring of, 496 Fountains, Chinese,
.
.
405
how discharged,
.
t:G Frankincense,
.
.
148
a nefv mode for making,
used in odoriferous
to be thrown by hand, kind
ibid
fire,
.
.
for,
.
.
.
ibid Frazier, his opinion on fire-works,
257
composition for hand,
-lSS l?ruiloi,i wheel.
.
.
394
works, with hydrogen gas, . 383 Fuel, ecclnctnicel,
.
577
Dillon’s exhibition of inFulminating powdeP,
.
.-.
50
flammable air,
ibid
of !-Iiggins,
ib.
Cartwright’s do. do..
ibid
171
mercury,
.
.
flame of hydrogen gas
of Bayen,
173
in, how charged,
173, 274
ibid
silver,
of iuflarazt&le air, how
balls,
..
.* ibid, ibid
executed,
ibid
bombs,
.
. 173, 275
their character,
ibid
silver, of Berth&et,
174
imitative,
440
of Chenevix, . &id
bow made; . ibid
. 175
of Silliman,
Red, for theatres,
270
ibid
gold,
.
.
Fixed air,
.
.
..
.
platinum,
.
.
suns,
.
.
177
powder, from indigo,
cases,
.
.
. 19
compouud, called iodide
Flame, the rapidity of the communiof azole,
.
. ibid
cation of,
.
.
. -131
179
oil,
.
.
435
of felt, colours of, .
silver, entertaining exReaumur and Schatt’s reperiments with,
273
marks on,
.
.
ibid Fusion, powder of+
.
.
50
of felt, experiment to pro451
Fuses,
*
duce the,
,
. ibid
for shells, howitzes, ani grencoloured, theory of, .
. 436
ibid
ades,
- .._-. .- - very remarkable ef-.*
how made,
. .
. . ibid
- 4s2
- -:A%@6 of, on living
how charged,
.
ibid
454
sundry compositiods for,
b!t$$Al
to prowith dead light,
.
. 485
duce singular apcomposition for
pearauces,
ibid
the.
.
486
F)ame, changed of different colou& 2,432
dinjensions of,
.
.
497
30
deception by breathing,
the, in fire-works, how shown, 264
G.
how extinguished, and made
Gallipot,
.
.
.
147
to reappear at the same
Galbanum,
.
.
. 221
.
.
406
time,
275 Galleries of fire,
.
.
Flambeaux, odori fefous
.
289 Galvanism, detonations produced bv, 276
its use iu w&,
.
501 Games at Rome, illuminated at night, 24
how made,
.
. 502 Garniture,
in fire-works, what,
298
composition for,
. ibid Gases produced in fire-works,
.
6
Flower pot, artificial, of fire,
.
10
character of the,
.
. ib.
.
.
s9
Flowers of sulphur,
52 Gas lights,
Flower pots, pyramid of,.
. .
402 Gases, what, prodiced by gunpowder, 121
Flux, black,
.
. 50
number of, evolved from guuib.
white,
.
.
powder,
.
. - - 122
303
Flyers, Chinese,
.
.
carbonic acid, &c. quantity
123
Fetid carbonate of lime,
.
. 155
from gunpowder,
.
1
fire, remarks on,
.
. 290 Geacral theory of Yyrotechny,
.
19
Forsyth, the Rev. Mr. his composiGerbes,
.
.
.
3.18
tion for gunaccount of,
.
.
23, 75
349
powder,
composition for,
his invention
Gibbs, colonel, his cxperime& on
of a gun-lock, 22
gunpowder flith lime,
. 556
l

l

176

INDEX.
Giraadoles,

.
.
407
modification of,
.
ibid
chests of, for rockets,
338
Girdle, detonating,
.
.
. 274
Glazing of powder, what,
111
plumbago uied for
the,
. ibid
Glass,
210
differeit kinds-of,
’ .
ibid
acted upon by fluoric acid,
214
annealing of,
.
.
ibid
uses of, in fire-works,
, 210
Globes, with their decorations,
. 419
leaping,
_
.
.
420
composition for,
421
bursting,
.
.
420
Globe of compression,
553
Glue,
.
.
.’
’ . 214
its use in pyrotechny,
.
ibid
Gold rain,
.
,
. 310
fulminating,
.
.
175
Gracchus, Marcus,
98
Grcecus, Marcus,
. ’
. * ib.
said to have invented gunpowder,
ib.
Grape shot, how made,
.
. 470
Granulation of powder,
.
. 111
Grecian illumination,
.
24
Green match,
.
, ’
324
fire of the Palm tree,
.
77
Gregory, his summary of Robins’s
experiments,
.
.
125
Greek-fire,
.
.
, 544
invented by Callinicus,
ibid
used by Callinicus with
success,
.
.
ibid
how defined,
.
. ibid
used at different periods, 545
how made use of,
ibid
thrown by spouting kngines,
.
.
. itid
Beckman’s remarks on
the,
ibid
peculiar pioperties of ihe, 546
modern imitations of the, ibid
La Brocquiere on the,
ibid
Ruggeri’s remarks on the, 547
said to have given rise to
gunpowder,
.
98
recipes for the making of,
known to Bacon, . ib.
a manuscript containing
the, and gunpowder,
ib.
various kinds of,
,
546
the original, not known, ibid
the author of CEuvre Nilithe on, ibid
recommends a
substitute for the. ibid
superseded by gunpowder; 547
Grenadea, fuses for,
.
.
481

Grenades,how charged,
I
. 4%4
Gums, used in fire-works,
.
, 21
contain carbon,
.
.
89
Gum arahic,
.
.
219
Tragacanth,
.
ibid
Gun,
repeating,
.
.
460
75
Guns discharged by percussion,
Guns,
see cannon.
97
Gunpowder, history of,
.
invented in India,
‘97,458
invention, how brought
to Europe, .
.
97
the Arabians obtained a
knowledge of, from
the Indians, .
. ib.
the use of, forbidden in
the sacred books of the
Intlrans,
.
.
ib.
empioyetl in 690 at the
battie of :tIecca,
, ib.
the Greek fire said to
have given rise to,
98
recipe for, in an old manuscript,
.
.
ib.
quality of,
.
.
97
tbe formulae for of Marcus Groecus,
.
98
said to have been invented by a German monk, 99
invention of, ascribed to
Anelzin, ib.
to$&wartz,
ib.
no men*
*de of, in
tbFrench registers,
ib.
damaged, nitre extrsctetl from,
.
.
72
how examined by reagents,
. 73
analysis of, in what it
consists,
.
73, 140
made with chlorate of
potassa,
.
.
76
with chlorate of potassa,
effects of,
.
. ib.
what required to make
good,
.
.
100
varies in its constituent
parts,
.
. ibid
French formula, for the
best,
ibid
English, proportions ;sed
for,
ibid
government, . (British),
what,
.
.
ibid
experiments with,
at
Grenille,
ibid
proportions for; hy diffekent nations, .
ibid
for war, French formula, 102
for hunting, do. do
ibid
for mining, do. do.
ibid

INDEX.
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102 Gunpowder, experiments of M. L.
Guapowder, manufacture of,
in France, sumNaitre, &c. with,
555
basis of fire-works See
mat-y of the, 110
improvement in the dryTheory of Fire-Works.
cxtinguishir,g flame with
ing of,
.
. 103
glazirrg of, .
fired,
.
672
. 104
for making, according to
charging of, ‘with a ball,
a new mode,
Champy,
a
. 109
39
104
how used with ‘ball;
mills,
.
.
ibid
with!
ut
injuring,
accidents to, .
ib.
at Frankford, an exTrick* with, by juggleis, 40
105
periment at,
action and reaction of,
against a ball,
*
ib.
machmery of,
ibid
how put in the repeatingcharcoal for, according
to Proust, ,
. 110
See Cannon I
Caraey’s process for
ho!Ylt acts in exlin’ making, .
. ibid
guishing llame,
. 572
its power, on what it derecommended to scatter
pends,
120
water on buildings on
gases pro&lied by ‘the
fire,
.
573
combustion of, 121
inflammation of,’ by the
quai>tity
Of,
122
radiation of heat,
566
Theaard’s remarks on
cautions in loading guns
the gases from,
.
121
with,
.
.
125
Proust’s opinion of the
its force increased by
products of fired,
ibid
confined air,
ibid
remarks on the combushow employed for * the
tion of,
.
.
ibid
splitling of trees, Src. ibid
Granulation of, said to
damaged, how the nitre
be injurious, .
124
is recovered frum,
72
fired in a vacuum, tie
purification of sulphur,
products of, .
. 125
for making, .
. Sl
carb*)nlc acid gas from, 121
mills, spontaneous comRoblus’s experiments
bustion in,
106
with,
.
125
how prevented,
107
Dr. Hutton’s remarks on 1 127
Bartholdi’s opi129
charges of,
.
nion of the,
106
the velocity of halls’
David’s plan to
caused by,
.
aid
prevent the,
ibid
table of the charges&c.
Gunharrels, how browned, .
. 204
130
of,
utility of Lronning,
. ibid
Hutton’s experiments at
Woolwich, with,
ibid
H.
azotic gas from, . , 12 1 Hanzelet, his extemporaneous fire, 579
proof of, .
.
. 136 Half-moulds,
.
. . .
. 238
various, .
. ibid
dimensions of,
.
ibid
comparative,
ibid Hare, professor, his remarks concernby the eprouvette, 135
ing flame,
.
433
strength of, how increasHeat,latent,
.
. ’
1 136
ed,
.
140
idea of, how formed,
ibid
preservation of, ’ . . ibid
in nitric arid,
.
ibid
examination of,
.
ibid Herodotus, his account of the Egypchemical,
ibid
tian illuminations, 24
marks, what,
.
. 136
of the Egyptian
quantity required to raise
festivals,
. 427
a cubic fathom of
Higgins, his fulminating powder,
50
earth,
.
552
improvement on
torpedo; see Torpecio.
the old, . ih.
several modes proposed
Hirpi, the, jumped throogb fire, &c.
37
to increase the force of, 554 Hippocrates Chias, the discoverer of
29
the Delian problem, (note.)
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Holy Fire, office of the,
.
. 41 Illuminated spiral wheel,
.
. 393
ceremonies of the,
.
ib.
yew tree,
.
.
402
Honorary rockets,
.
.
342
figures, sundry,
.
413
Horse, a, burnt, through a superstifountain,
.
439
tious notion, (nole.)
.
28
ibid
how produced,
Humboldt, his observation on gunImitative tire-works,
.
.
440
powder for mining,
556 Incendiary machines, in war,
.
462
Howard’s fulminating mercury:
172
fire-works,
.
.
490
matches, .
.
492
of what composed, ibid
kegs,
.
.
5!?3
how prepared, . ibid
173
rocket,
.
. 530
effects of,
.
Homi tzes, fuses for,
481
.
.
558
rope,
how charged, * . * . 484
composition for,
ibid
54
arrows,
. 566
Hughes’ nitre cave,
.
Hydrogen gas, for fire-works,
-20, 383 Incombustible, wheels, &c: how made, 240
Cartwright’s fire-works
indigo, a fulminating powder from, 177
with,
.
.
580
20 Indian white fire,
.
.
Dillon’s fire-works
comijosition of the, ibid
with,
.
. 383
matches for the,
ibid
detonation of, in a
Ingenhouz, Dr. his remarks concernpistol,
384
ing gunpowder,
.
. 120
Hyperboreans, how they caught the
Inflammable powder of M. Gingemelectric fluid,
.
.
31
brte and BottCe,
.
.
50
7, 74 Infernal machine
512
Hyperoxymuriate of potassa,
sundry properties of, 75 inflammable ball:
1
1
577
20
used for gunpowder, 76
air,
.
.
383
the same as chlorate
marks,
.
of potassa,
.
74
‘364
pistol, .
antains a iarge quanlamp,
.
’ . ibid
tity of oxygen,
75
574
dart,
.
.
how prepared,
. 74 Iodide of azote, a fulminating sub177
basis of the pocket
stance,
.- +--.
lights,
.
75 Iron cylindero$&d,
why pref&&&tarring
wood,
91
us~#, in fire-works,
.
. 201
J.
Japanese cement,
.
252 ::i- cast, or crude, an ingredient of
.
Jerome, his remarks on the lights of
Chinese fire,
ibid
428
pig, or crude iron, . .
Antioch, (mate. 1
206
271
properties
of,
.
.
Jassamine fire, composition of,’
201
156
the effect of, in brilliant and
Jet,
fire,*
. -’
. ’
. . 367
ibid
Chinese fire,
*
.
Jews, festival of, had illuminations
sand of the Chinese, powdered
. 24
at the,
.
cast iron,
.
ibid
Joblonski, his account of the horse
chambers of, for fire-ships,
509
condemned at Lisbon, (no&ej 29
their use,
.
ibid
Julius Camillus, his homunculi,
34
201
some preparations of,
.
246
Illumination port-fires, cases for,
theorv of the effect of, in firelances of,
.
.
314
woiks,
.
.
. 202
composition for the, ibid
tilings, how preserved,
.
239
of various coiours, ibid
in brilliant fire,
.
.
4
.
Iliumiuatioas,
23, 425 Irroraleur,
.
.
. 288
for what designed,
23 Isinglass, used in composition,
.
19
antiquity of,
.
ib.
“14
its properties,
Egyptian, .
.
*
313
24 Italian roses,
.
.’
.
Parisian,
.
. ib.
ibid
composition for,
.
by the Ancients, on
great occasions,
ib.
K.
.
.
port-fire, composition for, 314 Karabe,
.
156
chemical,
* 439,523 Kircher, his mirror,
562
.
.
. Illuminatingbarrel,
.
.
. 503 Kurtz, his patent for preparing charIlluminated table star,
,
.
273 ,
coal,
.
.
.
93
l

INDEX.
L.
Laboratory, in Pyrotechny,
.
228
.
ibid
Laboratory tools,
Lampblack, in spur fire,
.
10
action of, in spur fire,
ib.
accension of, by nitric
51
acid,
.
how made,
.
‘89, 144
144
origin of the name of,
.
ibid
houses,
145
properties of,
purity of, how discoiered, ibid
artificral tannin from,
ibid
quality of, how improved, ibid
durable ink, prepared
ibid
with?
.
.
used IBLwters’
ink,
ibid
a constituent part of
ibid
Close’s ink,
.
Lampadacea, what,
.
.
428
Lamptericm,
.
. ibid
Lamp, intlammabie air,
.
. 430
Lamps, kinds of,
429
various patent, inote.) ’ . 430
custom of the Turks with,
24
Pococke’s account of, in a
synagogue,
ib.
Persian ceremony *with, ’ .
25
Lances of illumination,
.
. 314
sundry compositions for, ibid
Lance d feu, composition of,
.
ibid
stink fire,
.
.
. ibid
slow white flame,
.
. 315
composition of, ibid
for pet&&.; *. _.
318
how&<
. ’ ?i;;
of service,
cdmpos’ition foi the, &id
Lanterns, feast of the, in China,
25
195
Lapis Cniaminaris,
.
.
Lardons, same nature as serpents,
299
Lead, recommended for the preservation of powder,
.
140
experiments with, for this purpose,
.
.
ibid
ibid
cartridges formed of sheet, ’
black,
.
.
.
209
used for the glazing of
powder,
,
.
111
Leaders,
.
.
. 294, 295
threading and joining of,
294
for small cases, how used, ibid
Lee, Sergeant, his account of Bushnel’s turtle,
518
his adventure with a
submarine vessel, ibid
his adventure with a
balloon-ship, (note.) 52;
],ibanus speaks of his native city,
on account of the lamps, (note.) 428
Lights, pocket, how made,
. 22, 75
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Lights, various kinds of,
.
- 315
composition for, . !
- ibid
common, composrtron for,
ibid
red, composition for,
316
sundry compositions of, ‘for
ibid
different calibers,
brilliant, &c. composition for, ibid
for all calibers,
ibid
ibid
another,
large Jessamine,
. ’ . 317
.
small Jessamine,
ibid
tabular view of compositions
for,
.
.
ibid
377
Bengal,
.
.
composition of the,
1378
observations on the,
ibid
Lightning, the Ancients knew bow to
attract the,
.
31
267
how represented,
.
Lime, promotes the formation of nitre,
.
.
. 53
the carbonate of, the same effect, ib.
194
Lime,
.
.
.
195
its use in fire-works,
.
345
Line rockets,
.
.
Linseed oil,
218
Lixivium for $1;~ match’, how nokde, 293
Longschamp, his improvement in
67
refining aaltpetre,
,
Lycopodium used in priming powder, 76
imitating lightning, 267
M.
Machines, infernal,
.
.
512
Magazine,
.
.
.
23s
principles of forming a
ibid
bomb proof, .
lightning rod for a, . ’ 236
access of moisture in a, how
prevrented,
.
. ibid
- 44
Magic lantern,
phantasmagoria with the, zb.
Magi, character of the Ancient Egyptian,
.
.
.
27
Mallets,
.
.
.
231
Maltba,
.
.
.
155
Mandrils,
.
.
.
230
155
Marble, bituminous,
.
Marks, gunpovvder,
. ’ 143
Mariotte, his theory of *the flight of
14
rockets,
.
.
. *
. * 318
Marrons,
’ made to imitate the explosion of mines,
.
264
how made,
.
. 318
m
how tired
.
319
batteries bf, how formed, ibid
for service,
.
.
ibid
cubical,
.
.
ibid
figure of the paper,
before forming, 320

6C~0
Marrons, shining,
320
for whk desigied, ibid
, 557
Murdering,
.
Mastich,
.
163
from the Pi&in
lentiscus,
ibid
164
used in the scented paste,
Matches, in arGllery,
.
. 471
292
Match,
.
, ibid
quick,
. *
. *
SIOW,

.

.

293

lixivium for slow,
ibid
principles with respect lo the
combustion of,
.
296
proportion of substances for
forming,
.
297
slow (military)
471
ibid
how prepared;
rope for,
.
472
ibid
lixivium for,
nitre, why used; ibid
how polished,
ibid
another process
for preparing, ibid
how made at Gibibid
raltar,
.
made of sugar of
ibid
lead,
quick, process of M. Bigdt for, 477
different compositions
478
for,
.
.
of worsted,
.
ibid
how made with expedition,
*
ibid
rod, artillery, of M. Cad’et, 474
experiments with,
ibid
incendiary,
,
.
492
how prepared, . T
phosphoric,
.
. 571
wood,
.
.
.
294
paper,
for syphers, biue and green, %?z
purple, or violet,
.
. 234
Meal-powder,
.
Mealing table, how made,
.
83
Mealing of brimstone,
ib.
Medici, house of, bribed td abolisl;
the Academy del Cimento,
25
Mercury, fulminating,
171
’ 186
Mercury, corrosive muriate’of,
Metals, used in fire-works,
.
4
Metallic preparations, some detonate, 23
Metallic copper, how obtained by
precipitation,
222
used iu fir<‘-works
223
Meteors, imitation of natGil,
.’ 325
Meteorolites,
.
.
.
62
Meteoric phenomenon,
.
. ib.
Mexia, Peter, his remarks on gun. 98
powder,
.
Miasmata, of what composeh,
.
60
produce fevers,
.
ib.

Miasmata produce yellow fever,
60
how destroyed, (note.)
61
kind of, supposed to produce yellow fever,
ib.
Military Pgrotechny, what,
.
456
Milk of sulphur,
.
83
MJne pots,
.
.
’ . 299
composition of, -.
. ibid
Mines, and mining,
550
Minerva of Sais, festival of, (note.) 428
Mineral tar,
.
.
.
154
Miracles,
39
Mirrors, pomeriul effecis of,
*.
568
Archimedes employed, with
success,
.
563
Mix, lieut. his unsuccessful attdmpt
with a torpedo,
.
522
Mixtures, how made for fire-works,
253
Morey, his experiment with nitre and
oil,
.
51
with tar, .
433
with rosin and
boiling water, 432
Mortars and pestles,
.
. 233
paper,
.
.
350
to throw aigrettes,
350, 363
Moore, his remarks on rockets,
. 15
Moon and stars,
.
.
421
Mosaic candles,
.
381
theory an’d effect of,
gold,
.
.
.a$

oulded stars,
.
. 382
composition of, ibid
Moses, how he differed from the Magi, 30
rod of, miracles wrought with
the,
.
.
.
29
XIother waler of nitre,
.
. 57
Mouids, for common port-fires,
247
Muriated gunpowder, what,
.
76
Uuriate of Ammonia,
. 184
Mu&et, his renJarks on i&n,
210
Mutations, a regulated piece of iine, 408
Myrrh,
.
.
.
164
used in odoriferous fire,
165
N.

Waphtha,

.
.
.
the substance, which burnt
Creusa,
.
.
Alexander the great, surprosed at the effects of,
used by the .\ncierJts in exhibitions,
.
Hauwsy’s account of, *
Pinkerton’s on$ervatJons on.
grou0iis. singular properties of,
.
.

153
ibid
ibid
154
ibid
ibid
ibid

’

INDEX,
used in the Greek fire,
154
how represented in fire,
450
m
Ni tre,
48
fixed bd charcoal,
.
. 49
used in the formation of gunpowder,
50
its quality, how ‘judged bf, by
fire-workers,
.
.
51
how procured in the East,
52
districts, what,
,
.
ib.
how procured at Lima,
.
ib.
regale, in Germany, what,
ib .
how obtained in Germany,
ib.
from old walls, buildings, &c.
53
formed with animal and vegetable matter,
.
. ib.
collected i$the East Indies,
ib.
quantity used in China for
fire-works,
.
.
ib.
bed of, at Apulia, near Naples, ib.
how obtained in Switzerland,
ib.
springs, in Hungary, .
.
ib.
convocation at Paris, of young
men, to receive instruction
.
ib.
for forming,
Caves of the IJniteb States,
54
obtained from the soil of tobaC-

Naphtha,
Neptune,

co-houses,

.

.

ib.

5s
Nitre, native, of Africa,
in the sandstone strata of’Africa, ib.
caves of Africa, contain animal
excrement,
.
. ib.
in the cave at Nicajack in
.
Georgia,
ib.
quantity obtained at Nicajack,
59
supposed origin of, at %ZaJaCk,
ib.
in the cave at Corydon, Indiana,
.
.
ib
caves of East Tennessee, Kain’s
remrrks on,
.
. ib.
of the Cumberland mountains,
.
. ib.
causes which are supposed to form,
.
ib.
used in the n,anufacture of
candles,
.
.
186
Nitrification, what,
,
. 70
Nitrous efflorescence, the ancient
scraphula
contra lapides,
53
Nitrate of potassa, nitre, or saltpetre, 48
of soda, used in fire-works,
S
of strontia,
. ibproduces’flame,
. ib.
of soda,
.
.
73
experiments with, by
BottLe & Riffault, 74
of copper,
. 223
uses of, in fireworks,
.
ibid
use of, for matches, ibid
preparation’qf,
ibid
Nitrates of different bases, may be
used in fire-works, S
all contain oxygen, ib.
Nitric acid,
.
.
.
51
how prepared,
.
3.

beds, artificial,
.
.
ib.
how extracted from the nitrous
54, 55
earth of nitre caves,
54
crude, whaf,
.
.
,
ib.
earth, what,
found in caves in a state of pu. ib.
riQ, *..%+e”caves of TeMiessee, Virginia,
and Maryland,
*.,
i6.
cave, a, how discovered,
.
55
. 56
in the grease, what,
theory of the process of extract0.
ing,
.
.
57 Odoriferous fire-works, general prinib.
crystallization of,
.
ciple of,
.
PI
.
. ib.
rough,
.
water balloons,
2i6, 446
rock ore of, how treated,
ib.
flambeaux,
.
. 2S9
caves, observations on,
.
59
and fetid fire,
.
290
Brongniart’s direction for refining,62
fire, by spontaneous acprocess for extracting, in
tension,
.
. 265
.
France, .
63
pastilles, or crayons,
286
66
old process for &lining,
vases of the ancients, ibid
.
Cbaptal’s observations, &c. bn, 67 Odour, classification of
ibid
conditions necessary to form,
70
extreme divislbiity of,
286
how cxtractecl from damaged
Oils, essential,
.
.
.
I63
gunpowder,
.
. 72
inflammation of, .
51
how to ascertain its purity, . ib.
used in odoriferous
~JOW reduced expeditiously to
2s5
fire,
.
.
powder,
.
.
73 Oil of vitriol,
.
.
.
82
cubic,
.
.
. 74 Oil, phosphorized,
.
.
85
caves of Africa, a bituminous
detonating,
.
.
179
substance found there,
. 58
linseed,
.
.
. 218
native, in the nitre caves of the
why required in boring of rockI.‘nited Skiff2~.
.
56
ets.
. 23s
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Oil, used for the preservation of iron
or steel tilings,
.
. 239
of spike,
.
156
how prepared,’
ibiil
Olefiant gas. See fire-works dith
hydrogen gas,
89
Ores, many, furnish sulphur by sublimation,
.
SO
ib.
how treated to yield sulphur,
Orenburg gum,
147
Ordeal by fire, what;
. *
1 37
.
Orpiment,
187
Oxygen gas, hoiv obtained from’nitre, 49
in nitrates and chlorates
8
an important agent in fire2
works,
Oxides, formed by combustion,‘what
kind of,
4
Oxide of copper, in’fire-woiks,
* 222
how obtained, . ibid

Petarda, composition for,
.
Petroleum,
.
.
. *
Payard, M. his burning mirror,
Peyre, his remarks confined to gunpowder,
.
.
Phantasmascope,
.
.
Phantasmagoria,
.
.
thunder and lightning with the,
Phalaris, bull ofi (note.)
.
Philosophical phial,
.
.
Phlogiston, supposed to have existed
in acids,
.
Phosphorus,
.
.
general properties of;
how prepared,
Phosphoric matches, and fire boitles,
.
stone,
.
tapers,
.
.
pencil,
.
.
ether,
.
.

506

154
565
16
47
44

47
26
214
70
84

S5
96

85
86

85
86
85

P.
oil,
.
.
.
ib.
Pagan Priests, conscious of their dePhosphuret of lime, its effect in
ceptions,
water,
.
ib.
30
- 401
Palm trees, representation of,
of Wurzer,
86
Paper press,
.
234 Phosphuretted hydrogen gas,
85
different kinds of, used for
Piece, regulated, of nine mutatio& 408
.
cases,
250
Pinks, fire, from flower pots,
.
10
how made in’combustible,
ibid
Pin wheels,
.
,
. 395
how coloured and glazed,
251
ibid
composition for,
preferred for cases to wood, 262
cases used by the Chinese, ibid
touch, or match,
.
. 294
mortars,
.
349
Swedish stone,
.
. 250
incombustible, of amianthus, 251
Chinese,
.
.
ibid !.I
147
observations on,
.
8id
‘how made,
.
.
Parasols, Chinese,
rise of, in tire-works,
.
i6ti
405
Paris, fire-works at, in’1739, * . 257
a composition of, almost inexPaste,
r,.
.
.
252
tinguishable,
.
. ibid
patent, .
.
. ibid
used in the Greek fire,
ibid
Japanese, .
.
. ibid
used in incendiary fire-works,
odoriferous,
.
see military fire-works.
287
board, how made,
. ’
Burgundy, furnished by the
249
uses of,
.
. ibid
Pinus Abies,
.
. ibid
for fire-works, Chinese mode
ibid
white,
.
.
.
of making the,
.
252
Plane board,
.
.
233
Pastilles, or pastes,
.
. 286 Platinum, fulminating,
: 176
.
Composition of,
257
31
Pliny, his account of Porcena,
Peach-wood, raspings of,
.’
76
of Numa PompiPearl ash,
.
.
190
lius,
.
i6.
Perchloride of Mercury,
.’
186
of Tullius HosPersia, the sacred fire in,
.
386
tilius,
.
ih.
grounds of, contain inflam.
209
Plumbago,
mable air,
.
ibid
Plutarch, his aciount of Naphtha,
32
the followers of Zoroaster in, ibid
22, 75
Pocket lights, how made,
Petard,
298 Poisoned arrows,
566
.
.
for war,
.’
.’
505
of savages, of what
table of the dimensions of
composed,
. 567
the,
.
.
. ibid
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Poisoned arrows,sundry plants for,
specified,
.
565
the Arabs, how they
make,
.
ibid
of the island of Java, ibid
Asiatic, with what
poisoned,
ibid
of the Alps,
. i&d
ahcient Europeans,
how they made, ibid
Polydore Virgil, to whom be ascribes
the invention of powder,
99
Polygonal mirror, its effect,
.
565
Pontiffs, the, considered iearning opposed to their views,
. 28
their arbitrary edicts,
ib.
bribed the-house of Medic;, ib.
abolished Ihe academy Del
Cimento,
.
.
i6.
Port-fire, cases for,
.
.
247
length of,
.
ibid
origin of the term,
ibid
how made, by the Strasburg formula,
ibid
Strasburg, composition of, 248
how generally made,
479
instructions of M. Bigot
respecting,
.
. ibid
composition of, various,
ibid
usual length of,
480
.
wet and dry,
ibid
dry, accordmg to ihe English method,.
.
ibid
other composltlons for,
ibid
accbrdi6id
13 Potash,
.
191
.z-*-; .i_
Potassium,
.
.
ibid
Pots des Brim,,
.
.
, 364
serpents for,
.
299
how made,
364
de chasse,
.
. *
360
tire, remarks on,
.
. 365
for ramparts,
.
. 575
compositlon for,
.
366
of ordnance,
.
422
how made,
.
ibid
how fixed,
ibid
how discharged,
423
ffomer, pyramid of,
.
402
Powder-triers,
.
.
138
proof,
.
.
' 136
bags,
503
how’made, ’
. ’ ibid
barrel,
.
.
ibid
of fusion, what,
.
50
fulminating,
.
ib.
inflammable, of Pauly, * 577
of what com578
posed,

‘riests of antiquity, acting as jug32
glers,
.
*. 214
‘rince Kuoert’s drons.
.
?rimmg piwder, of’chlorate of potassa,
.
.
. 76
475
tubes, or fuses,
.
formerly made of tb, ibid
composed of two parts, ibid
reeds, or quit Is used
.
ibid
for,
4iG
how filled,’
.
compositions, sundry
ibid
for,
.
475
pewter used for,
Prognosticator, a preparation of cam159
.
phor for a,
Proust, his remarks on’the charcoal
110
for powder,
.
.
s9
Prussic acid:
.
.
* 207
.
Puddling, what,
. 262
Puffs.
.
. .
263
composition for,
.
253
pulverization of substances,
.
. 325
purple match,
putrefaction of animal and vegeta70
ble substances,
forms saltpetre,
.
7%
1
.
Pyrotechny,
ib.
geneial theory of,
of the Chinese,
. * 53
pyrotechnical sponge,
.
. 570
1
mixtures,
.
91
Pyroacetic acid,
how purified?%&,
9i, 95
Pyric piece,
.
.
. 412
180
Pyrophorus,
.
.
.
86
of Wurzer,
.
how prepared, ib.
581
pyrophore of defence,
*
.
I

l

Q.

Quick match,
how gknerall~‘made, military.
.
.
different kinds of, see
match.
.
Quicklime,
.
.
its use in making slow
match,
.
.

20
i6.
477
194
472

R.
565
Radiation of heat, its effects,
.
231
Rammers,
.
.
.
575
Rampart fire-pota,
.
.
Realgar,
.
187
Reagents, chemical, td discover foreign salts in nitre,
.
72
Recoil of a gun, similar to the recoil
of a rocket,
.
.
11
Reeds, for fire-ships,
.
. t$
Red-fire for theatres,
n
ti

304
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236
148 IRockets. driven solid. or hollow,
.
237
‘ladle for charging,
-.
Thcnard’s opinion of,
. ibid
460
blows required for chargRepeating gun,
.
,
ing of the, ibid
Reports, single,
301
ibid
for each ladlecase8 foi,
.
ful of compoRain, silver, composition for,
. 272
ibid
.
18
sition,
.
fire,
.
filamentous, *
. 309
how bored, and machine for
238
boring,
.
.
how fbrmed, ibid
ibid
cases for, with what
taps for, what,
. 1
charged,
.
ibid
bored with a brace and screm
. 239
in sparks, what,
ibid
bit,
.
.
243
composition fir, 310
cases, how m&de,
.
gold, composition for,
cases, Morel’s rule for mak:
. ibid
244
remarks on the,
. 319
fire, in general, sundry comleii$ of th’e, iron iegulateh, 245
326
and their appendages,
.
positions for,
. 311
. ibid
falls, and stars, doible and
flying,
.
.
. ibid
.
single, . ibid
uses of,
observations on
caliber and preparalion of, ibid
the cases for, ibid
tables. concernand hail, how imitated, (note.)266
ing ihe, 3i7,328
Rays, composition for,
.
. 272
different opinions
Rice glue,
.
respectGIg, 327
252
Richardson, his-tricks iith fire,
36
moulds for, remarks on the, 328
Ring, a, how suspended by a thread
composition for, remarks on
reduced to ashes,
.
41
the,
.
.
. ibid
Robins, his conclusions applicable to
charcoal used in the compo.
rockets,
.
. 16
329
sition for, of what kind,
his experiments on gunpowder,
125
Rochus, on the ashes of toads,
. ’ 34
Rock saltpetre ore, what,
55
Rockets, gunpowder, &c. canses’the
ascension of,
.
11
tabular view of
motion of, how balanced,
12
gases produced by the combustion of the compos.of honour, Chinese csmposi330
tion for the,
. *SC . ib. 1
tion for.
.
.
observations on charging of, 331
furniture of, its weight,
. 332
ibid
heads for, how made,
.
used at the seige of Serinsticks for,
.
ibid
gapatam,
ib.
how measured,’
.
. ibid
principle, what,’
. ’
12
piercer, what,
.
. 333
employed for explosion and
rammers, for charging of,
ibid
conflagration,
.
. 11
former9 for the cases of,.
ibid
theory of the ascension of
moulds for, table exhlblting
the,
.
.
. 12
the dimensions of,
.
ibid
stick, its use,
.
. ib.
on the heading of,
.
334
stars,
.
.
. 18
heads of, why used,
.
Gill
water,
.
.
experiments respecting, . 335
. ib.
charcoal of hard wood for,
manner of decorating them, ibid
when used,
.
. 94
decorations used for, .
. ibid
remarks on charging of the, 231
sticks, their dimensions and
charging of the, rammers
poise, .
.
336
required for,
,
ibid
their use,
.
. ibid
signal, tools required for
table respecting,
. ibid
forming the,
.
232
how discharged,
.
. 337
table,
. 272
diKerent modes of discharging, ibid
driving of *a, . ’
, 236
Resins,

l

INDEX.
fired without sticks, in what
IRockets,
manner,
. .
33s
Girandole chest for diachargibid
k,
how made. 339
fountain of, what,
.
’ ibid
how discharged at the same
I
time, -‘:
.
ibid
Morel’s contrivance for discharging,
.
. ibid
angle of inclination given to,
if required,
.
. 340
combinitions of, with appendages,
ibid
fixed on the * top of’ each
other,.
. .
ibid
towering~,,
.
16,340
Caduceus, .
.’ 16,341
Honorary,
.
342
Chained,
.
.
ibid
tails of, how made to form
an arch,
.
.
343
small, or swarmers,
. ibid
composition for,
ibid
scrolls fur,
.
.
344
cases for,
.
ibid
line, with decorations,
345
oignal,
.
.
. 347
water,
.
. 443
dischargingof, in water,
448
under waler,
449
war,
.
11, 526
.
Congreve,
has iron cases
ibid
-.

GO5
Congrcve, kinds used for different services, 533
table concerning
the range, &c.
of the,
ibid
how discharged,
535
estimate of the cost
of the,
536
French accouit of
ibid
the,
described I& Rugget+,
ibid
Congreve said not
to be the inventor of the,
. ibid
invented by a naval officer,
ibid
Ruggen’s puhlication concerning the ib.
analysis of the, by
Gay-Lussac,
531
objxtious to the, 537
difference between the incen. 538
diary and common,
murdering, how formed,
ibid
how discharged, ibid
light ball,
.
.
539
carcass, the floating,
*
ibid
observations on the,
. 540
Bigot’s remarks concerning
the,
.
ibid
Bigot’s tables d & di&rent kinds of,
ill 542, 543
the succoriog,
.
.
544

how’prepsreb,
, * 147
height of ascension of, . ibid Ruggeri, his opinion of chlorate of
Indian,
.
.
529
potassa for rockets,
.
77
Coogreve, how it differs from
Rumford, count, his improvement in
fuel,
.
577
the common,
530
s.’
234
ibid Sacks, for mealing gunpowder,
of powder, for pots des brius, 366
case shot, &c. i6id Sage, on the sponiaueous combustion
distance of its flight, ibrd
of charcoal,
. 107
carcass,
ibid
his remarks conceining gun106
how aimed, 533
powder,
187
used at Boulogne
Sal Alembroth,
.’
’
and Copenhagen, 531
ammoniac, use of, in fireiworks, 184
advantages it is
in candle mak* 0
191
said to possess, ibid
I&,
.
*
184
range of the largammoniac,
.
.
49,167
est kind of, . 532 Sal Prunelle,
.
.
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Saltpetre, the basis of fire-works. See
Ship, fire, preparation of a,
Nitre,
.
.
3 Shells, paper, how made,
affords oxygen,
. ib.
fuses for,
ib.
decomposed by charcoal,
loading of,
.
remarks concerning,
.
43 Shining marrons,
converted into sal prunelle, 16: Shrapnel shell,
refining of,
65 Siemienowicz, Casimir, his fire-rain,
old process foi refining of,
66 Signal rockets,
reagents used to determine
Silliman, professor, his fulminating
s
the purity of,
-72
’ silver,
DuPont’s refined, character
Silver ram, composition of,
of,
73
what,
I*
how obtained in fine powder, ib.
fulminating, _ L
preparation of, for fireI Size,
works,
ib. /Skin, the, how made callous,
the oldest certain account of, 98 Sky-rocket, see Rocket.
Caves. See Nrtre.
proportion of acid in, used in candle-making,
Sarscen fire,
- 549
Saucissons,
how made,
flying,
how used,
in mining, what,
Scudder, his plan for blowing up the
Ramilies,
Scrolls for rockets,
-

607
245
491
484
320
559
560
347
175
272
18

173

215
36

fire of the Aoldiva Islands, 285
Schwartz, said to be the inventor of
gunpowder,
Schistus, bituminous,
I
Schoepfer revived magic,
-

Sea fights, how r~resented,~
Sieves,
- .‘i.*- .
Seneka oil,
Serpents, nest of,
how formed,
horv driven,
-

their intention
cases for,
compositions for, of two kinds,
how moulded, how primed,
theory of their effect,
whirling,
principle of the,
how charged, Ship, fire,
.
-

d cases, compositions
for,
389
tiid
- 338
ibid Stands, for sky-rockets,
ibid Stahl, his opinion of the composition
302
of nitric acid,
70
ibid Stars, from artificial flower pots,
10
ibid
simple,
- 303
use oT,
8id
ibid
ibid
how prepared,
ibid
ibid
composition for,
- 304
,507

INDEX.
stars, rolled,

how made,
composition used for ,
cracking,
are small marrons,
rocket, white, composition of,
blue, composition of,
variegated, composition

607

3041 Stink fire lanse,
507
ibid/ Stink stone,
156
ibid Strangling of cases,how performed, 243
ibid
contrivance for, 244
23s
ibid Strangler,
Streets, lighting of the, a modern in- 26
vention,
Storax,
162
Substances, what, required for military fire-works,
228
pulvcrjzation of,
- 253
tailed, composition of, ib
properties of various,
drove, composition of, ib
known to jugglers,
26
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cast,
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use of, in preserving iron and
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steel,
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ill. Sulphurct of arsenic,
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antimony,
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82 Torpedo, used against the PlantageSulphuric acid,
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net,
- 622
native, in the island of
Touch paper
21,292,294,310
Java,
- ‘78 Tourhillons, theory of,
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Sulphurous acid,
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case*,
- 245
m
Sun cases,
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how charged, ibid
Suns, &c. exhikition of,‘by the Chi- .
- 353
common,
-nese,
256
mosaic,
- ibid
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- 397
character of,
359
with transpareet faces, - 398
mosaic, composition of, 360
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table, . - *
361
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ibid
directions for firing,
with rose piece,
- 39
common, another mode of
Swarmers,
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making,
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composition for,
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fortied at the,
for half inch
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Sword blades, how ornamented, - 2;:
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sizes,
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general rule respecting, 363
works exhibited on, - ibis Torches, odoriferous,
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- 271
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- 501
used in war,
502
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how made.
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Tar, how obtained,
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Morey’s experiments with, - 14f
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Thenard’s formula for priming powder,
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statues at Alexandria, <w.)
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70
phuric acid,
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composition for,
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decomposes the nitrates, 146
copallinum,
164
a component part of the ’
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ancient Greek lire,
206
plate,
- ibid
obtained from different
Tinder,
570
ibid
species of the Pinus,
Tools and utensils,
228
common, from the Pinus
Tophauia, the female poisoner,
- 48
Sylvestris,
. ibid
Torpedo, Fulton’s,
- ’ 521
composed of resin and voprinciple of,” - ibid
147
latile oil,
precautions against, 522
Spirit of, how obtained, ibid
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Essential oil of,
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Turpentine, Venice,-from the Pinus
taryx,
147
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from the Pious Mati&i@ il.
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on,
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Vapout of water accelerates combustion,
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preparation of, tti
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164
Variegated stars,
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Vase, the scented,
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composition for the, ibid
Vegetable poisons, their use in poi566
soningof arrows,
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Versailles, tire-works at, in 1739,
257
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quaptity of the,
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Violet match,
.
*
325
Vitriol, blue, its use in fire-works, . 222
Volcano of Lemery,
323
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‘. itid
ibid
theory of,
exhibition of a, in China,’ 256
Volute, grand,
.
.
6 417
Iv.
Wand, Mercury’s
.
.
401
fire,
.
.
.
400
War-rockets,
.
.
526
of the Asiatics
2s’2,529
Water-squibs,
.
.
. 448
fire-fountain,
.
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balloons, odoriferous,
. 446
compositions for, ibid
mines,
.
.
444
fire-works,
.
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rockets,
.
.
18,443
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.
.
185
casks, the use of chatting,
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how preserved at sea,
.
ib.
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weak, what,
.
. ’ 64
strong, in nitre making,
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the Bishop of Landaff, his
mode of examining gun141
f$+&vder,
.
.
Waved fire,
41iJ’
Wax, artificial, f&d&&&,
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51
>*,L
Wheels,
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237
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240
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.
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. 391
plural,
.
.
. 393
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.
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.
394
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.
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. 395
composition fir,
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for gunpowder,
.
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heavy, or hard, when use4
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is the entering
FIG. L-A.
in such a n&nner, that the
above the nipple, n, may
bore is cylindrical,
and equ
j foot of the broach. This driver serves to
over the broach, in the mould &and to form the cup, o, figs
M&$for receiving the priming.
B. is the
of the first charge.
It is bored in such a
manner,
admit the broach to within two-fifths of the
interior diameter of the case, from its base. Its bore is cylindrical, and has the diameter of the broach, at the height
of two-fifths the interior diameter of the case.
C. is the driver of the second charge, and admits the broach
two-thirds of its length; the diameter of its bore being
the same as that of the broach, at one-third of its height.
D. is the driver of the third charge, and admits one-third of
the broach; the diameter of the bore being that of the
broach, at two-thirds of its height.
E. is the last driver, and is solid; the charge being above
See page 231.
the summit of the broach.
I!‘I~R+ 1. and FOG. 6.
FXG. l~<*mt2 and FIG. 6.-The
broach or piercer I, fig. 1,
(a section of’whr’ti is represented in fig.6), is a truncated cone,
The cone is the part from a to
having a hemispheric& timit.
b, fig. 6. The diameter oftkbase
of the cone at b, ought to
be two-fifths of the interior diameter of the case, and the diameter at the summit, one-fifth, which is also the diameter of the
small hemisphere at the top. The height from b ti a, ought t&
be seven times the interior diameter of the case, or 17.5 times
the diameter of the base b. The part n, fig. 1, and from b
Its diameter ought to be that of
to c, fig. 6, is rounded.
the interior of the case, and its height, seven-tenths of that
diameter.
This is called the nipple, and is the part, which
gives shape to the cup o, fig. 10. The part m, fig. 1, and
from c to d, fig. 6, is cylindrical,
and may be made of any
height or diameter, provided
the latter is not less than that
of the cone. It is generally one-twentieth
more than the
exterior diameter.
This part ought to penetrate into the
bottom of the charging mould, G, fig. 1, and fit closely, so
as to be firm. The part froru d to e, fig. 6, is the blade or
tongue of the broach.
It is rectangular, and enters into the
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Description

of’ the Plate.

The size of this
block H, fig. 1, where it is firmly fixed.
part is arbitrary, as well as that of the block H, fig. I.
- FIG. %-The
R-%k&‘fi&h&.
Fig. %-Conical
Mandril
or Former, for the head of the
Rocket.
e
$?IGS. SE& S.-Head
of the Rocket and Pot de j&&e.
FIGS,~ %z 8.--&Iealing
table and Mullar.
II&. 9.-The
Rocket case dhoaked, and prepared for charging,
FIG. IO.-Section
of the Rocket, after charging.
FIG. ll.- The Rocket with its stick, For want of room, the
stick is reprasented in two pieces.

