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GUN-POWD ER.
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OF THE PROPERTIES OF GUN-POWDER.

The properties and effedts of Gun-powder can only be afeer-
tained by the means of Fire: let us, therefore, in the firft
place, examine the nature of Fire itfelf ; according to the
doctrine of thofe philofopbers, who, by the clofeft invefli-
gation of its effests, have endeavoured to explore its prin-
ciples and caufes.

CHAP,. 1.
OF FireE.

THE celebrated HErmMAN BoerHAAVE, whofe opi-
nions have been adopted by the moft eminent chemifts,
could only, after a long feries of experiments, difcover a
few of the properties from which fire has derived its feveral
denominations; according to the various modifications under
which it prefents itfelf to our fenfes.

1. Pure fire is called fire, folar mattery light and heat »
under this idea it is conceived to be a fubflance eflentially
fluid, compofed of particles very fubtle, and continually agi-
: A tated,




2 THE PROPERTIES

tated, though not always in the fame degree. The learned
Beccarr has proved that it exifts in all places, and in
almoft all bodies, without being able to decide whether it
be a conftituent and eflential principle. A gentle friction
of a globe of glafs in the electric machine, fhews that
every thing partakes of jt; and two hard bodies rubbed
violently together gradually grow warm, and at length emit
fparks and flame according to their feveral qualities.

2. Fire, which feems to pafs from a fluid to a folid ftate,
and become a part of the body, as the inflammation of
fome bodies evidently fhews, is called combuslible matter,
wlphury the food of fire; and phlogiflon.

s P. One o{ the fdi}{zin& chafa&ers of fire, confidered as
folar matter, light, &c. (1.) is to eafily penetrate bodies,
by infinuating itfelf into them equally, and expanding them
{0 as to caufe a disjunétion of the component parts when in-
troduced in quantity. But the facility with which fire effeéts
this is different, according to the qualities of the bodies it
enters: there are even fome which, far from being dilated
by the action of fire, are contracted ; as wood, animal bo-
dies, &c.

4. Another chara&ter of fire is, to render fubftances lu-
minous, either by means of the flame which breaks from
them, or by their becoming red. '

5. Fire, confidered as combuftible matter, fulpbur, phlo-
gifton, &c. (2.) caufes no change in the body in which it

refides, nor does it communicate to it either light or heat,

unlefs it pafs from a quiclcent ftate to ignited motion, or
inflammation.

6. The different effeéts of the firft fpecies of fire may be
confidered under three heads.

1. In a determined fpace.

2. As a&ually exifting in a body.,

3. With regard to the manner and law in which it
enters and expands bodies of different natures.

7. Confidering fire in a determined fpace, we find that,
as its quantity and velocity may vary, fo alfo in the fame
proportion will its ativity and efficacy be different; as may
be obferved in burning glaffes, refleting telefcopes, &c.
The aétivity and efficacy of fire can only be afcertained by
the expanfion of bodies, and the disjunétion of their parts
but hitherto the method of meafuring exactly noronly the
quantity




OF GUN-POWDER. 3

quantity and velocity of fire feparately, but even its abfolute
effeéts on bodies, are unknown. The point to which a
body entirely. deprived of fire can be condenfed is equally
undeterminéd with the firlt inftant of its expanfion.  The
condenfation of mercury, produced by a certain quan-
uty of fal ammoniac and fnow mixed together, is, in the
conftrution of thermometets, the loweit point that we

now ; while that, from experiments made in more northern
climates, it is clear that mercury can be much more con-
denfed. In the confiruction of pyrometers, the point of the
greateft condenfation depends on the variable temperature
of the atmofphere, Thus thefe two infiruments ferve only
to fhew, by their graduation, the difference of expanfion,
according to the degree of fire that they contain or are
penetrated with. .

8. The activity of fire confidered as aQuially exifting in
a body, (6. N? 2.) depends not only on the quantity and
velocity of the ignited matter, but alfo on the mafs of the
body in which it exifts. On attempting to reduce two fluids
of unequal denfity to the fame temperature, the moft denfe
requires the greateft degree of heat: thus, when the activity
and degree of fire which the two bodies contain are pro-
pertional to their refpeltive mafles, they are equally hot,
On touching two bodies of unequal denfity, reduced to the
fame temperature, the moft denfe appears the hotteft; be-
caufe the Land being in conta&t with a greater number of
particles in the denfer body, the fenfation excited is propor-
tionally ftronger.

g: The manner and law (6. N°3.) under which fire
penetrates bodies, is modified by the degree of its activity,
the time of application, and the fuperficies, quality, an: mafs,
of the furrounding bodies ; for fhould any one of thefe
circumftances vary, a different modification will refult. Put
into the fame fire two pieces of iron of the fame quality,
but of different fizes, the fmaller piece will become hot
much fooner than the larger one; and’ if the furface of the
larger piece be increafed by flattening 1t with 2 hammer,
it will become hot in lefs"time. This diverfity of effedts
may be equally remarked on comparing a piece of iron with
a flone, or any other body, put into the fame fire,

Thele obfervations on the facility with which fire infi-
nuates itfelf into bodies, are equally applicable to the facility

Aa with
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with which it quits them, and diverges from its focus : for
when the quantity of fire in any body is greater than in the
atmofphere or other furrounding bedies, it quits that body,
and removes from it, fpreading itlelf equally on all fides;
its a&ivity diminifhes in proportion to its diftance from the
body which it quitted, and its extenfion depends on its
excefs over the external fire, on the time of application,
the fuperficies, quality, and mafs, of the furrounding bo-
dies,

10. Having thus examined the various circumftances that
tend to modify the effets of fire, let us now confider thefe
modifications with refpe&t to the ignition and deftruction
of combuftible bodies. Whether the ignited motion excited
in a combuftible body appears under the form of flame, or
burning coal, it is always produced in two manners; either
by applying to the combuflible body a quantity of external fire,
or by increafing the motion of the fire that exifis in it.

11. From the facility with which combuftible bodies take
fire, they may be ranged in two claffes. In the firt may
be placed fpirits of wine reétified, fulphur, &c. in which, by
applying fire to any one part, it is communicated to the
whole mafs, fo as to produce a total deftru®ion. In the
fecond clafs may be ranked coal, the greater part of vege-
tables, &c. in which fire can be propagated only by a con-
tinued application ; by increafing the motion in the ignited
parts; or by placing the bodies in fuch a manner, that the
fire, in efcaping from the burning particles, may meet almoft
inftantaneoufly thofe not yet ignited.

r2. The degree of ignition varies according to the dif-
ferent qualities of the bodies themfelves ; for a greater degree
of fire is requifite in proportion to the rarefaction of the
furrounding air, or to the difficulty of removing from the
ignited body fmoke or other fubftances which do not ferve
as food to fire, In both thefe cafes, it is neceffary either
continually to apply frefh fire, or to increafe the motion
of that which already exifts in the body.

13. From thefe premifes, it may be inferred, that fire
admits of infinite diverfity. in its effecls, arifing not only
from the time of application, the fuperficies, quality, and
mafs, of the bodies to which it is applied, and which fur-
round it, but even from the modifications that enfue from
the quantity and velocity of the ignited matter.

— 14. Where-
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OF GUN-POWDER. 5

14. Wherefore, the force of gun-powder fired in muf-
quets, cannon, mortars, mines, &c. being in proportion to
its inflammation, its effefts muft inevitably be modified by
the quantity and the proportion of the ingredients, the tem-
perature of the atmofphere, and other circumftances that will
be hereafter pointed out. And fince it is not in our power
to determine every point that affe&ts its inflammation and
total confumption, we cannot be always certain of producing
the fame effects with the fame quantity of powder fired from
the fame piece of ordnance,

G:H7A ‘P11,

OF SuLPHUR, SALTPETRE, AND CHARCOAL.

15. SULPHUR is a fubftance compofed of witrislic
acid and a combuflible matter, Itis ranked in the clafs of
minerals, becaufe it is extradted from the bowels of the
earth. When expofed to a moderate degree of heat, it
liquefies, and fublimes in little tufts called flowers of Jul-
phur: thus it is purified from heterogeneous fubftances by
{ublimation.

16. The property of fulphur is to take fire, inflame, and
be entirely confumed, when expofed in the open air to a
ftronger fire than that which will liquefy it. It is made ufe
of in the compofition of gun-powder, becaufe the ignited
motion is eafily propagated in it.

17. The facility with' which fulphur takes fire and burns
depends on the rarefaétion of the furrounding air. To
burn it in an exhaufted receiver, it requires a continued ap-

lication of a much greater degree of heat than would
inflame it in the open air: the receiver thould alfo be of a
fize proportioned to the quantity of fulphur, left the con=
denfation of the fmoke prevent its total confumption, (12.)
The only method of decompofing fulphur is by buraing’;
which deftroys the combuflible matter, and the vitriolic acid
exhales in vapour.

18. Charcoal, ufed in the compofition of gun-powder, is
defined to be a body compcﬁed of a combuftible matter, and

3 o




6 THE PROPERTIES

of the denfe earthy particles contained in wegetables, - In
making charcoal, the vegetables are burned in fuch a man-
ner, that they do not inflame; and then the combuflible
matter unites itfelf intimately with the moft denfe earthy
particles. Charcoal can only be decompofed by fire; which,
at the beginning of the ignition, feparates the combuftible
matter from the earthy particles; which are then termed
cinders.

1g. When charcoal is expofed in the open air to a fuffi-
cient degree of fire, its property is to burn and be con-
fumed. 1t fometimes emits a little blue flame ; but more
frequently fparkles, and becomes red, without emitting any
flame, If, in this flate, it be agitated by the wind, it
appears of a more lively and brilliant red in proportion to
the force of the wind, and is fooner reduced to cinders,
From this property it enters into the compofition ‘of gun-
powder.

20. Generally fpeaking, charcoal appears red only when a
greater degree of fire is applied to it than will burn fulphur :
the propagation of the ignited motion, and its total con-
fumption, are effected more flowly than in fulphur, Thefe
effects differ according to the quality of the charcoal: that
which is the lighteft, or which contains leaft of the denfe
earthy particles, takes fire and is confumed the quickeft.

21, The more the air is rarefied, (12.) the more diffi-
cultly charcoal burns, and the greater degree of fire is
requifite to keep it red-hot.

22. Saltpetre is formed from a combination of the nitrous
acid with a fixed alkali, It is extradted principally from
‘animal and vegetable fubftances, found in a putrefcent ftate,
mixed with f{lones, earths, and plaifters; and is feparated
from them by boiling them in a water impregnated with
a fixed alkali. "The falt ehryftalizes in long filaments, lying
the one upon the other, This is the only method of puri-
fying it ; and muft be repeated two or three times, accord-
ing to the quantity of the heterogencous matters. When,
by this procefs, the faltpetre has been well purified, it has
always the fame properties, from whatfoever fubftances it
may have been extracied,

23.-Its properties are, to diflolve in water, more fully in
boiling than in cold water; and to liquefy, by a greater
degree of heat than is required to liquefy fulphur, If the
Deat be increaled while the faltpetre is in fufion, it fublimes

in
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OF GUN-POWDER. %

in vifible particles; which, collecting together on the upper
part of the veffel, are called flowers of mitre. Lo [eparate
the acid from the alkali, without putting the faltpetre in
contaét with a combuftible body, it is neceflary to expofe it
a long time to a very firong fire; and even.then the decom-
pofition is brought about very flowly.

24. If a combuftible body, containing a fufficient degree
of heat, touch faltpetre, a very fierce flame is excited at the
point of conta&®, accompanied with detonation and a wind,
which increafes the aéivity of the fire. In this operation
the acid is feparated from the alkali, and diffipated. 'The
combuftible body is inflantly confumed, and the alkaline
refiduum is termed decompofed or fixed nitre.

25. This decompofition of faitpetre takes place equally in
the “open air and in vacuo; provided that, in. vacuo, the
adion of the fire be fufficient to keep the combuflible body
(12.) in a ftate of ignition.

26. Salipetre may be decompofed by fire in two ways.

1. By coming in conta& with an ignited combuftible
body when in a folid ftate.

2. Or by communicating, when in fufion, the ignited -
motion to a combuftible body in contact withit.

27. In the firlt cafe, by applying burning charcoal, the
decompofition begins and continues till the faltpetre or the
chaicoal be entirely confumed. To effett the deftruction of
both at the fame time, the quantity of charcoal muft be pro-
portioned to the quantity of faltpetre. The better the fub-
ftances are mixed together, the more immediate will be the
contact between the feveral parts, and the fooner will both
be confumed.

28. Burning fulphur not being able of itfelf to decompofe
feltpetre, charcoal is added to it. Now charcoal of every
kind burns when expofed a fufficient time to the action of
burning fulphur; yet this takes place fooner or later in pro-
portion to the denfity of the charcoal, or to the quantity of
denfe earthy particles ; wherefore, that the fire produced
from the fulphur may be fufficient to burn all the charcoal,
the quantity of each muft be exadly proportioned, and dt-
tention paid, at the fame time, to the quality of the charcoal.

When this proportion is determined, a quantity of falt-
petre added, and the three fubftances well ground toge-
ther, in order to render the inflammation more  inftanta-
neous, even then the cﬂééﬁ vary; for if the faltpetre be

4 in




8 THE PROPERTIES

in too great a quantity, the combuflible particles being
too far feparated, the fire applied to one part will not be able
to fpread to the others; or the combuftible particles, being
in too fmall a quantity, will be confumed long before the
faltpetre, If, on the contrary, the faltpetre be in too fmall
2 quantity, it will be confumed before the other two ingre-
dients: wherefore, that the deftru&ion of the three may
begin and end at the fame time, they muft be mixed in a
juft proportion. As foon as the faltpetre begins to be de-
compofed, the wind (24.) generated from it, renders the
heat of the charcoal more intenfe, increafes the a&ivity of
the fire, and accelerates the total deftruction of the whole.

.29. This decompofition of faltpetre, by the application of
charcoal and fulphur, is fimilar to the procefs that takes
place when powder is burned in the open air, or in fire-
arms.

30. It requires a greater degree of heat to decompofe
faltpetre in the fecand manner (26. N° g.) than in the
firft. ;

Frc. 1. To the plate A B of the pneumatic machine,
fix a thin thimble C, of beaten brafs, with the con-
vexity downward ; put into it a mixture of faltpetre,
fulphur, and charcoal; and apply a red-hot iron can-
cave in D, fo that it may exaltly admit the convexity
of the thimble: in a fhort time the mixture will ex-
plode, and be entirely confumed. Put again into the
thimble an equal quantity of the fame mixture, and
place above the plate a glafs receiver, from which pump
out fome of the air, then the red-hot iron being applied
as before, the explofion will not fo foon take place,
If the air be entirely exhaufted, the decompofition of
the faltpetre will not begin till both it and the fulphur
are liquefied, and fall into ebullition,

31. To burn powder in vacuo, the fecond method muft
be ufed; for it will not explode before it be reduced to a

ate of liquefaction, and an ebullition enfues.

32. On decompofing faltpetre in either of thefe methods,
if ‘the veflel be fuffered to cool, and a finall aperture be
opened, an air will be inflantly perceived to ruth out, with
a force proportioned to the quantity of faltpetre ufed in the
experiment.

e p—
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experiment. - This air proceeds from an elaftic fluid gene-
rated at the decompofition of the nitre, and is eflentially
different from the fmoke which, after a little time, fixes upon
the infide of the veffel, and produces no effet.  On the con-
trary, the elaftic fluid proves its force and effeits after a
confiderable interval of time ; whence may be inferred, that
i is a permanent fluid, and in it confifts almoft the whole
torce of gunpowder. It may be further obferved, that this
force is always increafed by heat.

33. When the experiment is made in the firlk method,
{26. N° 1.} ina clofe veffel, with a quantity of fulphur and
charcoal fufficient to decompofe the nitre, if the veflel be too
fmall, or a confiderable time be requifite to effect the decom-
pofition, on account of the want of fuflicient proximity in
the nitrous and combuftible particles, the redundancy of the
fmoke inclofed in the veflel will retard the operation, the
combuftible body will lofe its heat, and recourfe muft be
had to the fecond method of continually applying freth fire,

34. The following experiment proves - that the permanent
elaftic fluid proceeds from the faltpetre alone. Let a quan-
tity of fulphur and charcoal be burned in a clofe veffel, the
veflel be {uffered to cool, and a hole be opened, no wind will
be perceived to iffue : from this and other experiments, it is
clear that no permanent fluid is produced by burning toge-
ther thefe ewo combuftible bodies. The fmoke, neverthelefs,
is elaflic when hot; but fo foon as it is deprived of heat,
it not only entirely lofes its elafticity, but even abforbs a por-
tion of the common air, and a part of the permanent elaftic
fluid generated from the nitre, whenever this fluid mixes
with the {moke; as will be thewn hereafter.

35. From thefe experiments, and others that might be
made on the fame fubjedt, the following properties may be
deduced—

1. A certain degree of heat is requifite to fet fire to the
combuftible bodies, and decompofe the nitre,

2. The degree of heat muft be increafed in propor-
tion to the rarefattion of the furrounding air, or to the
denlity of the fmoke.

3. The decompofition of the nitre being always
progreflive, the more intimate the mixture, and the
jufter the proportion of the combuftible ingredients,
the fooner will it be effedted,

4. In
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4+ In the decompofition of faltpetre, an elaftic fluid

isf generated, which is permanent for a confiderable fpace
af time.

CHA P

Or Gun-POWDER.

26. GU N-POWDER iscompofed of very light char-
coal, fulphur, and well-refined faltpetre, Thele materials are
put into a wooden trough, where they are ground together,
to render the contact of the nitrous and combultible particles
intimate and equal throughout the whole mafs. The mix-
ture is eccafionally fprinkled with water, to form an amal-
gam, which is af%'erwards granulated, and prevent the finer
partictes of the fulphur and charcoal from flying off, which
would neceffarily alter the proportion of the compofition.
The powder-makers employ more or lefs time in the ape-
ration of grinding, in proportion to the quantity of faltpetre.
When they conceive that the ingredients are properly mixed
together, they form from the palte thofe little grains which,
being dried, obtain the name of gunpowder,

37. There feems to be nothing in the fabric of gun-
powder that can alter any of the properties of the conftituent
parts, taken either individually or colletively. (35.) The
neceflity of having a combuflible body capable of producing
the tatal and inftantaneous decompofition of the nitre, makes
fulphur and charcoal requifite ingredients: fulphur, becaufe
it eafily takes fire, and propagates the inflammation, though
the heat it produces is not fufficient to decompofe the nitre
charcoal, becaufe its inflammation, as well as the propa-
gation of fire into all its parts, being flower, it acquires, when
it becomes red-hot, a fironger degree of heat than the fulphur,
and is therefore more capable of producing the entire decoma

pofition of the nitre. Therefore, from their combination
with a proper proportion of nitre, the moft inflantancous
explofion may be expelted ; but if the quantity of nitre be
too great, the fire communicating to the combuftible par-
ticles with fo much the more difficulty as the excefs is the
greater, may produce no effe@s.

Ifto a compofition of 14 parts, of faltpetre, 1 of fulphur,
and 1 of charcoal, a burning céal be applied, thofe pﬂrlm
only
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only of the mixture in conta& with the coal will burn, the
flame not being able to communicate itfelf to the other parts.
If, on the contrary, the nitre be in too fmall a quantity, on
applying fire to one part, the flame which breaks out at its
decompofition is too weak to fpread itfelf to the others,
owing to the great diftance of the nitrous particles: the de-
ftru@ion of the whole, therefore, requires a much longer
time; and the quantity of permanent elaftic fluid, on
which depends the greateft force of the powder, is lefs; as
may be proved by burning a mixture of equal parts of ful-
phur, charcoal, and [altpetre.

38. That proportion which will moft readily produce the
deftrudion of all the compofition, and yield the greateft pofiible
quantity of the permanent elaftic fluid in a given time, ought
to be found out, and will conftitute powder of the beft qua-
lity : it evidently appears, from the above experiments, to lie
between the quantities there made ufe of.

39. In the firft years that fucceeded to the difcovery of
gun-powder in Europr, the proportion of the conftituent
parts, and the fize of the grains, varied very much ; which
gave ife to the feveral denominations it has obtained. At
the beginning of this century, thefe proportions and fizes
were almoft every where reduced to three; and at prefent,
throughout all Europe, only one kind is ufed for military pur-
poles.

As it will be (hewn in this treatife that the properties of
powder are modified by the qualities of the ingredients and
the fize of the grains, to fave repeated defcriptions of the
different kinds of powder that may come under our invefti-
gation, we will fubjoin a general account of them, according
to the various denominations that they are commonly known
by; with this obfervation, that whatever may be advanced
concerning the modifications of one kind of powder is appli-
cable toall others. : :

40. Powder compofed of 5 parts of faltpetre, 1 of char-
coal, and 1 of fulphur, and granulated fo as to enter with
eafe into the vents of new mulfquets, is called mufguet pow-
der; when the grains are three or four times larger, it is
called cannon powder. Powder compofed of 6 parts of falt-
petre, 1" of charcoal, and 1 of fulphur, the grains of which
are of the fame fize as mufquet powder, is called common war
powder ; and obtains' the name of fine war pewder when the
grains are about half that fize, Powder made with the fame

proportions
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proportion, and with grains of the fame fize, as the fine war
powder, but with a lefs denfe charcoal, is ufed by fportfmen
in fhooting game. When compofed of 7 parts of faltpetre,
1 of charcoal, and 1 of fulphur, and granulated as the fine
war powder, it is called fire-work, or rejoicing powder.

41. We will now proceed to prove, that fired powder
preferves conflantly the properties remarked in the combi-
nation of its ingredients ; (35.) modified, neverthelefs, by
the exatnefs of the mixture, the fize of the grains, and
other circumftances that will be pointed out.

42. All degrees of heat are not fufficient to fire powder

for if it be only fufficient to inflame fulphur, the cffects before
mentioned (28, 35. N° 1.) will refult, as may be proved
by throwing feveral grains of powder near hot coals. The
burning of the grains contiguous to the coals will be fo in-
flantaneous, as not to be diftinguithable from the inflam-
mation of the fulphur; but the grains at a little diftance
from the coals will emit, after fome time, a fmall, blue,
Jambent flame, which at length becomes brighter; the in-
tenfenefs of the fire increafes, and the gradual deftrudion
of the faltpetre is clearly difcernible; fome of the grains
gre confumed, while in”others the blue' flame difappears
without producing their deftruftion: at length the more
diftant grains become warm, without emitting any flame,
or being confumed. This may be exemplified by putting
fome large grains of powder on an iron plate, which may
be put near to, or drawn back from the fire, in order to
give it different degrees of heat; or by direfting upon them
the folar rays, united by means of a convex glafs, as dif-
ferent degrees of heat may be produced by augmenting or
dimmi(hing the circle formed by the re-union of the rays.

43- Thefe experiments prove that powder, like other
combuftible bodies, may become hor or inflamed, without
being in the fame inftant confumed. It is neceffary, there-
fore, to diftinguith between the inflaimmation and ‘the final

deftruction of each grain: fer fire, when applied to 1we
grains of different fizes, does not always caufe any fenfible
difference in their deftruction; yet there is a great difference
in the force of two equal quantities of powder, made with
the fame proportion of ingredients, of the fame quality,
but differently granulated, as is feen on comparing can=
non and mufquet powder,

440 The
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44. The following experiment will prove that the degree
of heat to fire powder thould be greater in proportion to
the rarefadion of the furrounding air, or to the denfity of
the fmoke. (35. N°2.)

Prate . Fic.II. To the plate A B of the pneu-
matic machine, let a thin thimble C of beaten brafs, be
joined, with the convexity upwards. = Let the ‘iron M
exa@ly fill the concavity D ; and a moveable ring, F G,
be fitted round the thimble, fo that on covering the con-
vexity C with powder, part may fall on it. Then if
M, made red-hot, be introduced into D, when F C G
is covered with powder, in the open air, the powder will
inftantly explode; but if a glafs receiver be placed upon the
plate A'B, and in part exhaufted, and the hot iron be ap-
plied, the explofion of the powder on C will not be fo
fudden as before, and part of that on F G will remain
unaffe@ed by the heat, in proportion to the quantity of
air left in the receiver. When the air is quite exhaufted,
the powder upon the convexity C will hiquefy before it
takes fire, after having emitted feveral ebullitions; then
explode at once, and cover with its flame the powder
upon F G : this will, neverthelefs, not liquefy; and a part
of it will remain upon the ring and plate, where it has been
pufhed by the blaft.

45. This proves that the powder upon the ring, being in

a very rarefied medium, does not burn, though furrounded
by the flame of the fired powder. In this cale, the fired
powder fpreading itfelf on all fides in the receiver, which
is much larger than the fpace occupied by the powder, the
grains that remain unfired are only furrounded by a part of
the flame. If the receiver were filled with powder, the fire
inclofed in a fmaller fpace would be more intenfe, but the
quantity of fired powder would be proportioned to the
rarefadtion of the atmofpheric air contained between the
grains. (Frc, IIL.) A B C is a funnel of bronze or iron,
of which the part C C is made to fcrew on to V' V of a re-
ceiver of beaten copper V X Z, containing about 70 cubic
inches. The part D F of the funnel, which is to contain
the powder for the experiment, may be diminifhed at plea-
fure, by means of the rings G, of exatt calibre, and of dif-
ferent lengths, to be applied to the part F of the fpace D F.
A H1is acanal conical from A to H, and cylindrical from
i ta
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H to I; fhorter than the funnel A B C by half a diameter
DD. The part K L of theiron rod K L M, fits the co-
nical part A H fo exaélly, that no air can pafs: the cylin-
drical part is a little longer than HI. The capital N N O
of brafs, of which the aperture O O is les than D D, can
be faftened by the fpirals N N to B B.

Let the fpacc D F be fo diminifhed by the ring G, that the
remaining part D P be entirely filled with the powder ufed in
the experiment; and let the powder be retained by a hog’s
bladder tied faft to the thread of the ferew B B. The fun-
nel, thus charged, is fcpewed into V V of the receiver,
placed upon the bafe X Z, which keeps the funnel perpen-
dicular. Then if the iron rod be made red-hot, and prefled
forcibly into the funnel, the point M coming below the bot-
tom of the funne! I, without touching the bladder, will
neverthelefs fet fire to the powder, and the bladder will
burft. If this experiment be made with 24 grains of can-
non powder, when the receiver is placed fo that the lower
aperture X Z fits a large tub or other veffel, no unfired
grains of powder will be found; but if the receiver be placed
upon the plate of the pneumatic machine, and the air be
half exhaufted, ; or I of the grains will be found unfired
upon the plate after the explofion; and if the receiver be ex-
haufted, $ or ; of the grains will be found untouched by the
fire.

In thefe three modifications of the air in the receiver, the
funnel is always charged in the fame manner, and with the
fame quantity of powder; and the bladder tied faft in B B
entirely prevents any communication between the receiver
and the part D P of the funnel; fo that when the receiver is
exhaufted, no change takes place in the part of the funnel
that communicates with the external air by means of the
little canal A HI; and confequently, when the rod is intro-
duced into the canal, the powder inclofed in the funnel, and
the air contained between the grains, remain in the fame
ftate, whatever alteration be made in the air of the receiver ;
wherefore, the bladder burfling at the beginning of the in-
flammation of the powder, the air which is between the
grains in D P, fpreads itfelf into the receiver; and in pro-
portion as it becomes more rarefied, lefs powder is fired.
In each of thefe three different flates of the air in the re-

ceiver, it may be obferved, that the infides D P of the funui
ne
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nel are bronzed by the flame of the powder. As the pow-
der firft takes fire in R, that which is placed above in P
caanot fall upoun the plate without paffing acrols the flame of
the burning powder in R; fo that, in this ¢xperiment, the
fire being inclofed in 2 fnaller fpace, is more active than
in the former one; (44.) yet all the powder is not
fired, becaule the air, on the bladder’s burfling, is too
rarcfied. i
46. But to deftroy all doubt of this property of gun-powder,
let the funnel be charged as before, the capital N O ferewed
on to BB, and a wad put at the aperture O to retain the
powder: then, if the bladder be tied faft in qq, and the re-
ceiver be exhaufled, the quantity of fired powder will always
be greater in proportion as the hole O is narrower 3 and if it
be nearly of the fame fize as the hole I of. the little canal
A HI, all the powder in DP will be confumed. In the
preceding experiment, (45.) it was found, that when the
air had been entirely exhaufted from the receiver, only ¢ or
L of the powder took fire, and that a great part of the flame
fpread itfelf into the receiver when the bladder burft; while
that the remaining part expanded itfelf in D P, which it
bronzed. On the contrary, in this experiment, where the
aperture O O is narrower than D D, as neither the air con-
tained between the grains, nor the flame, is able to pafs
with the fame facility into the receiver, they rémain in much
greater quantity in D P ; the fire is therefore more intenfe,

and confequently a greater quantity of powder is confumed 3
indeed all the powder will be fired when O O is reduced to

the fize of I. The fame effects take place with all kinds of
powder, (40.) the only difference being in the quantity that
remains unfired.

47. Itisthen alcertained (44, 45, 46.) that, in order to
fire powder, the heat fhould be in proportion to the rare-
fattion of the [urrounding air, and that it is increafed by
preventing the expanfion of the flame. It remains now to
be proved, that the degree of heat muft be likewife greater in
proporticn to the denfity of the fmoke.

it has fallen within the obfervation of every artillerift,
that when fhells fink into fiff earth with the fufes down-
ward, the fmoke finding no paflage, the fire is extinguifhed,
and the fhell does.not burft; but if they fall into water, the
fmoke mixing with the water, the fire continues till the pow-
der in the fhell explodes. Fules are generally filled with a

mixture




16 THE PROPERTIES

mixture of mealed powder, fulphur, and faltpetre.  Let two
or three fufes, of the fame fize, be filled with compofition
of different degrees of firength ; after being fet on fire, let
them be buried in earth equally ftiff, or covered in any other
manner, fo as to prevent the elcape of the fmoke; it will be
found, on taking them out after fome minutes, that the
quantity of compofition which is confumed is-in proportion
to its firength ; fince the denfity of the fmoke was the fame,
as the ground was equally folid. Hence, it is evident, that
the greater the force of the fire, the greater is the confump-
tion of the compofition. Care fhould be taken not to make
it fo firong as to burft the fufes,

48. Having afcertained thofe two properties, it remains to
demonfirate, that when fire is applied to grains of powder,
the inflammation of the contiguous grains, and the deftruc-
tion of each individual grain, takes place progreflively 3
(35. N° 3.) and that the velocity with which fire {preads
itfelf on all' fides to inflame the contiguous grains, is gréater
than that with which it penetrates into the fubftance of each
grain. It is too obvious to need infifting on, that all mo-
tion, however rapid or fhort it may be, takes up a certain
time; though to us, from the fhortnefs of jts duration, it
appears inflantaneous ; confequently, the inflammation and
entire deftraction of powder produced by the ation of fire,
communicating itfelf to every thing around, like rays from a
centre, muft neceffarily take place in a determined fpace of
time; which varies according to the ftrength of the fire, the
proportion of the ingredients, the nicety of the mixture,
and the fize of the grains.

When a fufficient degree of fire is applied to one grain of
powder, it firft alts upon the furface, and then penetrates
towards the centre, (43.) As the farface burns, a flame is
excited which catches the neareft grains; if the degree of
heat be fufficient, and the furrounding air not too much
rarefied. In the mean time, the fire which attacked the firft
grain, continues its aftion towards the centre till it be totally
confumed. There are then two diftin@ actions in the in-
flammation and the total confumption of powder : the firft is
the expanfion of the inflamed fluid; which, fpreading itfelf
from the furface of the burning grains, furrounds the conti-
guous ones: the fecond is the penetration of the fire from the
furface of each grain towards its centre, But the flame al-
ways fpreads with more rapidity between the intervals of”the

: other
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other grains, than it penetrates towards the centre of cach
grain. ‘ ‘

49. The following obfervation will prove that a deter-
mined time is requifite for the confumption of each grain.
Make, of the common mixture, fome grains of powder as
large as piftol bullets; dry, and fet fire to them: it will then
be feen that the fire penetrates from the furface to the centre,
in a longer or a fhorter fpace of time according to the fize
of the grains ; fo that if there be no difference between
thefe large grains and common ones than'in fize, it may be
inferred, from analogy, that the fmalleft muft require a cer-
tain fpace of time, however fhort. It is likewife clear, that
the flame, in fpreading itfelf from the burning grains to the
contiguous ones, takes up a certain fpace of time; as may
be exemplified by fetting fire to a train of powder.

50. An experiment will prove, that the adtion of fire is
alfo progreffive “when applied to powder confined in a
veffel ; where the burning fluid being more denfe, is allo
more aétive than when powder is burned in the open air.
(Fie. 1Il.) To the funnel charged as: before, (45.) let
the capital N O be faftened, with the aperture O of fuch
a fize, that the receiver being exhaufled, only % or 1 of the
powder contained in the funnel may take fire: Introduce the
red-hot rod, and leave it to cool ; then admit by degrees the
air into the receiver, and loofen carefully the capital from the
funnel. If proper attention has been paid in this procefs, it
will be feen—

1. That nothing touches the point M of the rod; as
the powder being burnt all around, leaves a cavity
pearly fpherical.

2. That each of the grains which form the fides of
the cavity are burnt a little towards the concave fide; as
may be diftinguithed by the fixed nitre, and the fmooth
farface of each grain.

3. That the grains which are between the interior fur-
face of the funnel and thofe which form the fides of the
cavity, are whitened by the flame of the fulphur, and
that the fides of the funnel are bronzetl. ‘

It is then proved, that the fire both fpreads itfelf between
the intervals of the other grains, and penetrates from the
furface to the centre of each grain progreflively,

51. But it is not fufficient fo have proved that the burn-
ing of each grain, and the inflammation of the contiguous
ones, are progreflive ; it is neceflary further to fhew, that the

b a@ivity

i
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activity with which fire fpreads-itfelf between the interflices
of the grains, is greater than that with which it penetrates
from the furface toward the centre of each grain.  If we con-
fider that the inflamed fluid, in pafling between the grains,
meets no other refiftance than the common air, which is
eafily penetrared, by reafon of its rarefaction ; and that the
fire, in infinuating itfelf from the furface toward the centre
of the grain, muft pafs through a fubftance much more
denfe; it is evident, that the refiftance in the fecond cafe
being greater than in the firft, the fire muft confequently be
flower in its progrefs,

The following experiment will {erve in proof of this al-
fertion. Let a piftol barrel; with the vent clofed up, be
filled with powder to the muzzle: on applying fire to it,
the barrel will inftantly empty itfelf, with an explofion.
Let it be again filled with powder well comprefied, fo that
the interftices between the grains may be as fmall as pofiible,
and form, as it were, a folid body; the time that the barrel
wiil take to empty itfelf will be fenfibly longer than before.

The great velocity with which the inflamed fluid pafles
from the muzzle to the breech of the piftol barrel, between
the interflices of the grains, is obfervable in the firft expe-
riment ; and, in the {econd, it is feen how much this velo-
city, from the neceffity of penetrating the powder itfelf, is
retarded.

52. From the three preceding paragraphs, the following
principles are deducible.

1. That in burning two equal quantities of powder,
made of the fame compofition, ‘but differently granu-
lated, as cannon and mufquet powder, the latter will
be confumed in lefs time than the former; becaufe the
grains being fmaller, (40.) prefent to the fire a greater
fuperficies, and produce, at the firft inftant, the in-
flammation of a greater quantity of matter ; which is
confumed {o much the fooner, as the fire has lefs fpace to
pals through from the furface to the centre of each grain.

2. That this depends not only upon the fize of the
grains, but alfo upon the facility with which the fire
pafies between them. On the other hand, the grains
fhould not be too fmall ; for then the interftices will
be fo diminifhed, as to admit the flame to pals with
difficulty ; and they will be fo compaét, as to form,
as it were, a folid body, ]

53. The
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53. The grains of powder are generally of a very irregular

form and uneven furface; whence arife many varieties 'in
the quicknefs of its inflammation and explofion. To re-
medy thefe inconveniencies, fome manufacturers put the
powder inro a barrel fufpended by two pivots; and having
turned it for fome time, feparate, by means of a fcreen, the
duft from the grains; which are, by this operation, fuffi«
ciently fmoothed and rounded. - On comparing powder
made in this manner with powder of an irregular form and
uneven furface, the latter is found to take fire more quickly,
though the proportion of ingredients be precifely the fame in
both. Neverthelefs, as the interftices between the round
grans are larger than between grains of an irregular figure,
and as upon them the quicknefs of the inflammation greatly
depends, the round grains may be fo fmall, that the interftices
being equal in both, the fire may be able to fpread itfelf
equally, and confume the powder with the fame rapiditys
and as powder of an irregular grain takes fire more eafily
than fmooth-grained powder, a proportional fize might be
fixed on which would caufe the latter to inflame wih greater,
or at leaft equal promptitude.

54- As thefe properties are common to all kinds of pow-
der (40.) that are well made, of proper materials, and
equally dried, varieties in their effets can only refult from
the different proportion of the ingredients, the fize of the
grains, their figure, and fmooth or uneven furface. If the
ingredients, however good in quality, are not well mixed
together, the powder will not fo readily burn, 'and the dife
ference of the effe@s will be very fenfible.

55. The following experiment will prove, that from fired
powder a permanent elattic fluid (35. N© 4.) is produced in
great quantity, upon which depends its principal force,
{F16.1V.) ABC Z is a hollow cylinder of bronze, with
aferewat BC toreceive DEF. GG is a key to open
or fhut the communication between the parts of the funnel
HH. To the fpiral FF, fix the air-gun M M, to receive
the elaftic fluid generated in the cavity BP; and fcrew D E
into B C. Put the powder into the cavity; and ferew IK L,
made of bronze, into AP. Lum is thevent; noa fmall
moveable plate of iron, to which is faftened a fufe o p» and
joined to the pin K, &c. g r is a fmooth bar of iron, made
to flide.in a groove by the fpring V y, which keeps it in the
pofition #5, when not forcibly held back; and clofing the
¥ent, totally prevents the paflage of the air; fo that, when

B2 the
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the feveral parts are properly adjufted, and the bar of iran ¢
is in the pofition ¢ s, the elaftic fluid inclofed: in the cavity
B P, though very much condenfed, cannot efcape. QQ
are pivots, or trunnions, to {upport the machine.

In this experiment the machine muft be placed vertically,
that the pewder: contained in the fpace B P may, reft on B X;
the hittle funnel - H A having been previoufly filled with hog’s
lard, that the powder, when fired, may not act immediately
on thekey G G, and prevent itfrom being drawn out.. By
means of a thread ‘of filk; faftened with two little nails at
the hole: m, .the iron g r is held back, the fufe is charged
with: powder, and. the vent L m primed. | Then I K is
ferewed into A P, and fire applied at L3 which, communi-
cating. by m, fets fire to the fufe in ¢; and burning, at the
fame time, the thread of f{ilkk, fets at liberty the iron g r;
which, preffed by the fpring V. g5 flides into s¢, and clofes
the hole m.. The fule burns from o to p, and fets fire to the
powder in:B: Xt the vent being clofed in 5 and, for greater
certainty, a little fcrew intreduced into L.

(F1g. V.) When it is judged that the powderin B X is
fired; s which can enly be known by, the heat.of the cylinder
A-B:CZ, as no motion can be perceived, leta bullet be put
into the air-gun, and the machine be pointed againfta plank,
by means of the femicircle of iron B B, which can be ftopped
by C inany direction; then giving a half turn to the key
G G, that. the cavity B P may communicate with the bore
of the air-gun, on touching the trigzer A the bullet is dif-
charged with velocity, and impinges on the plank with the
fame force as would have been produced by a very great con-
denfation of air.

The cavity B P will contain ten ounces of powder, but
with one ounce only, fixteen or eighteen bullets may be dif-
charged fucceflively, and at the diftance of forty paces, each
bullet will pafs through a fir plank half of an inch thick.
After thefe difcharges, if the key G G be turned as it was at
fivft, the air-gun be unfcrewed, a large bladder faftened in
its placey and the ‘key again turned, the bladder will be filled
with an invifible fluid 5 which, being clofe tied up for feveral
days, will not fenfibly dimirifh in bulk. In the coldeft wea-
ther it is equally elaftic; o that, confidered relatively to its
elaticity, it may be compared to the atmofpheric air. Un-
ferewing K I, the infide B P X will be found covered with
faline particles ; which, collected and examined, form a fixed
alkal
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alkali that eafily attrals moifture, and falls in deliguium when
expofed to an air abounding in vapour.

56. Since the fluid ‘generated at the burning of powder
preferves its elafticity for a long time, it follows, that at the
inftant of explofion its elaftic force muft be the greateft.
In proof of this, let a barometer be fixed to the pneumatic
Machine ; and, having exhaufted the receiver, apply fire' to
the thimble. (Fic. 1.) © At the inftant of explofion, the
mercurial gage defcends rapidly, then rifes; and, after fome
undulations, feems tofix, fora time, below the point where
it was before the explofion. This apparent fixation thews
that the elaftic fluid is reduced to the temperature of the air;
and the finking of the mercury, in the beginning of the ex-
periment, proves that the force of ‘this. fluid is' much greater
at the inftant of the explofion than afterwards. If, inftead of
burning the powder in vacuo, it be fired in the open air, the
elafticity of the fluid will be greater during the application of
fire than when its effecs totally ceafe.

57. From thefe premifes {32, 34.) it may be inferred,
that thequantity of the pernianent fluid is always in proportion
to the quantity of nitre  contained in the powder, fince it
alone produces the fluid ; as fulphur and charcoal; when
burned, produce none. = Other experiments might be made
to confirm' this, by burning different quantities of powder, of
the fame or different qualitics, under the receiver of the
pneumatic machine ; exhaufling the air to the fame degree
in each experiment, and obferving the apparent fixed point of
the mercurial gage: it'would then be feen that it fenfibly
falls or rifes in proportion to the faltpetre contained in the
different guantities'of powder.

58. Though the penetration of the bullet into the plank,
and theapparentfixed point of the mercurial gage, (55, 56, 57.)
be the effedts of the permanent fluid generated from the
faltpetre, yet they ought not to be attributed folely to that;
as the fmoke and the common air contained in and between
the grains of powder, are alfo rarefied by the action of the
fire. '

59. From all" experiments hitherto made upon fmoke, it
is found to be elaftic while hot; wherefore it is reafonable to
conclude, that the fmoke produced at the explofion is one of
the caules that concur to give it force: but when cold, it not
only ceafes to be elaftic, but even abforbs a portion of the
permanent fluid. It is impoffible, at the explofion, by fepa~

B3 rating
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rating the fmoke from the elaftic fluid, to determine the ab
folute force of each; yet it may be fafely inferred, that the
greater part of it depends upon the permanent fluid.

60. The common air that is within and between the
grains contributes likewife, by its expanfion, to the force of
the powder when fired. Its abfolute force might be eafil
deterinined 3 but is very {mall, in comparifon of the elag
ticity of the permanent fluid generated from powder.

61. Thus, the diminution of the ranges of fire-arms, when
heated by frequent difcharges, or when the air of the atmof-
phere is more rarefied, ought not to be attributed to lefs
ejaticity w the air, but rather to the fecond property of
powdear; where, being fired in a rarer medium, lefs takes
fire though the fame quantity be ufed ; and hence the range
is fhortened, as will hereafter be more clearly proved.

62. For the fame reafon, the increafe of force obtained
by triturating powder for a long time, and the force which
damaged powder refumes after having undergone a frefh
procels, proceed not, as fome think, from the greater quan-
tity of air comprefled into the fubftance of the powder, but
fimply from a more exaét mixture of the ingredients, whence
they more eafily and generally take fire.

63, Inilluftration of this remark, it is fufficient to ob-
ferve, that the beft manufactured powder is liable to be da-
maged by exceflive heat or moifture, The powder-makers,
in drying powder, take care to flir it frequently, and fuffer it
to cool before they put it into the barrels ; as they pretend
that it ferments when very hot: and in fad, if, when much
heated, it be clofed up in abarre] for fome hours, and after-
wards poured gently upon a cloth, a great part of the grains,
efpecially thofe towards the middle of the barrel, will be
caked together ; on examining them carefully, it will be
found to be owing to the great heat, which having liquefied
the fulphur, it glues the grains together when cold : but this
never happens if the powder be allowed to cool before it is
put into the barrel. A partial or total liquefaction of the
fulphar is always prejudicial to the inflammation and quick
defirution of the powder, (27, 28.) as it defiroys the exact
mixture of the ingredients, which can be only recovered by
fubje&infg it to a fre(h procefs. If the heat be not fufficient
to. liquefy the fulphur, a large quantity of duft, confifting
principally of fulphur and charcoal, will be found in barrels
of powder that have been long manufactured and expofed to
damp, The powder from which.this duft is detached will

' be




OF GUN-POWDER. 23

be altered in quality; and while the interior of the grains,
from which the falphurand charcoal are fallen off, continue in
the fame fate they were in when made, the exterior will have
Ioft the greater part of the fubftances neceffary to facilitate the
inflammation. Thus, on applying fire to thefe grains, the
furface burns flowly till the fire penetrates the interior, and
meets a fufficient quantity of fulphur and charcoal ; the
powder muft therefore have become weaker. Now, if the
powder, thus reduced in firength, be manufaétured again,
the grains will become homogeneous both internally and ex-
ternally; but, owing to the diminution of the quantitry of
fulphur and charcoal, they will be altered in quality, fince
the faltpetre will be in greater proportion than either of the
other two ingredients ; fo that if, before the powder be-
came damp, it was not very ftrong, it will now have become
much ftronger; but, on the contrary, if it was as ftrong as
poflible before, and the ingredients (38.) well-proportioned
and intimately mixed together, it will in this new operation
have loft part of its ftrength. Hence it may be inferred, that
grinding ferves only to mix the ingredients together; and that
when there is a perfect conta& between the nitrousand com-
buftible particles, it is ufelefs any longer to continue the
operation,

64. Powder, however well dried and fabricated it may
have beer, lofes its {trength when allowed to become damp.
If daily obfervations on powder, putinto damp magazines,
and carefully preferved in barrels, are not fufficient to efta-
blith this fact, the following experiment will render it incon-
teitable. ¥

Let a quantity of well-dried, powder be nicely weighed,
and put into a clofe room, where the air is temperate, and
feemingly dry, and be left for three or four hours; on weigh=
ing it again, its weight will be increaled. This fame pow-
der, expofed to an air loaded with vapour, acquires much
additional weight in a fhort time. Now the increafe of the
weight being proportional to the quantity of vapour con-
tained ‘in the armofphere, and to'the length of time that
the powder is expofed to it; it follows, that powder eafily
attracts moifture.

65. Wherefore, if a degree of heat, fufficient only to fire
dry powder be applied to powder that is damp, the moifture
will oppofé the action of " the fire, and the grains either will
not take fire at all, or their inflammation will be flower =
thus, as the fire will fpread more flowly, fewer grains will

B4 burnj
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burn ; and the penetration of the fire from the furface to the
centre of each grain, ‘and confequently their confumption,
will require more time. - Whence it'may be concluded, that
all degrees of -moifture diminith the force of powder.  Salt-
petre, not fufficiently refined, attracts moifture very readily ;
and as the fubftances that render it impure leflen the quan-
tity of fluid, and prevent its detonation, ‘it fhould be
refined as much as peflible before it is employed in the fabri-
cation of gun-powder.

66. In drying damp powder, 'the degree of heat thould be
moderate. (63.) W hen any of thefaltpetre has been diffolved,
it fhould be ground afrefh, to eftablith a juft mixture of the
feveral ingredients ; and if part of it be abfolutely loft, which
may be known by paffing a certain ‘quantity of the powder,
well dried and weighed, through a fieve, it will be neceffary,
before it is ground, to add the quantity of faltpetre that is
deficient.

67. Having thus fhewn that the force of powder is owing
to an elaftic fluid generated at the explofion, the fuddennefs
of which depends upon the proportion of the ingredients, the
contact between the nitrous and combuftible particles, and
the fize of -the grains, &ci it may be concluded, that when
feveral powders, equally well'dried, and fired under the fame
ftate of the atmolpliere, are compared together, that which
produces the greatelt quantity of the elaftic fluid, "in a given
fpace of time, is the ftrongeft.

C I HAPEmIVE

Tur ProrErRTIES OF POWDER ARE THE SAME
iN Fire-ArMs OF ALL CALIBRES.

68. HAVING proved that every degree of heat is
not capable of firing powder, and that its force depends on
the ‘elaftic fluid generated at the explofion, it is needlefs to
adduce any more arguments in fupport of this fat; but
with regard to the fecond and third properties (44, 48, 49.)
~of powder, which: are undoubtedly of greater: confequence,
and have often, for want of due inveftigation, occafioned a
difference of opinion among artillerifts, in weating of the
proper charge and length of guns, it is neceffary to be more
particular,
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particular. - Thefe two properties, as well as the firlt and
fourth, hold good in all fire-arms, and in every other cavity
where powder is burned ; they are alfo modified by the fame
caules, (41.) and by others that will be hereafter men-~
tioned.

69. The fecond ‘property is obfervable in all fire-arms,
When, on applying fire to different quantities; of the fame
powder, either the whole or a part only of ‘the grains take
fire, in proportion to the firength of the fire, and the denfity
of the medium. For example, if a quantity of cannon
powder be all burned in a gun of large calibre, .the fame
quantity, in a piece of fmaller calibre, will not be all burned.
In the fame piece, charged with different quantities of pow-
der, the fmaller charge will entirely explode, while a part
only of the larger will be confumed. If, in the largeft charge,
the refiftance to the explofion be increafed by a high wad,
thot, &c. a greater quantity of powder will burn than when
the piece is fired with a common wad, and without fhot.
Thefe varieties conftitute the fecond property of powder.
(44> 455 46, 47.) ; : e

70. The third property of powder is equally obfervable in
all fire-arms. = The inflammartion of each grain, and of the
contiguous ones, being progreflive in all kinds of powder, the
varieties that occur arife not only from the fize of the grains,
and the proportion of the ingredients, but alfo from the
fize of the veffel in which the powder is fired. Forexample:
if in two veflels, of unequal fizes, two equal quantities of
powder be burned, the fire in the {malleft veffel, being moft
intenfe, accelerates the deftruction of each grain, and all the
powder is confumed in lefs time than in the larger veffel.
‘The fame circumftance occurs, when two equal quantities
of powder are burned in veffels of equal fize ; one of which
refifts the adtion of the powder, and the other burfts at the
beginning of the explofion : the heat being more intenfe in
the veflel that refifts than im the other, the deftruction of
each grain is accelerated. :

71. To prove that the inflammation of powder in fire-
arms of all calibres depends on the denfity of the air con-
tained between the grains, and the degree of fire that fur-
rounds them, (69.) let a mufquet or piftol barrel be filled
with powder to four or five diameters ; let a fmall wad, made
of a fubftance not eafily’ combuftible, be lightly compreffed
upon the powder ; and let the piece be fired into a veffel made

on
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on purpolfe to receive the difcharge : a certain number of grains
will be found unfired; let thefe be colleted and weighed.
If this experiment be repeated feveral times, with the fame
piece, and with the fame quantity of powder of the fame
quality, and the piece be fuffered to cool after each dil-
charge, the number of unfired grains will be always nearly
the fame. Inftead of repeating the experiments with the
fame piece, let two or three, of the fame calibre, but the
lengths of which are in the ratio of 1, 2, 4, be charged with
the fame quantity and quality of powder, and fired as above,
the fame number of unfired grains will be found in the veffel
which proves that the additional length does not contribute
to the inflammation of a greater number of grains, provided
that the experiments be made with dry powder, and in a
very dry day. Thefe effeéts equally take place in mufquets
or cannon: for if a thirty-two-pounder be charged with
8lb. so0z. of powder, carefully collected together in the
chamber, and lightly comprefled with a wad, and the gun
be fired horizontally upon hard fnow or ice, a great quantity
of dirt will be found before<the muzzle of the gun, but
hardly any ubfired grains of powder; but if the gun be
fired with 25lb. of the fame powder, a number of unfired
grains will be found : again, with solb. of powder, the’
number of unfired grains fcattered upon the fnow will be
greater. It evidently refults, from thefe experiments, that
in all fire-arms the quantity of powder that burns is limited.
It now only remains to be proved, that this proceeds from
the intenfity of the fire, and the denfity of the air contained
between the prains; and that when thefe caufes vary, the
quantity of powder that is burned in the {ame piece varies
alfo, though the charges be equal.

72, When one of the barrels is charged with the fame
quantity of powder, of the fame quality, if a very high wad
be rammed on it, or the reliftance to the explofion confi-
derably increafed by any other method, aflqr the difcharge,
fewer unfired grains will be colle&ted. This not only cor-
relponds with the refult of former experiments, (46.) fince
the depree of fire is increafed by the refiftance, but ferves to
confirm the progreffive inflamwation of the grains, But it
fhould be remarked, that the increafe in the quantity of pow-~
der that takes fire is not always proportional to the increafe

of the refiftance;. for, under’ fome circumitances, a flight
xeliftancg
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yefiltance caufes a more intenfe fire than a much greater one
does in others.

"The experiments made with the machine defcribed in the
third figure, prove that a difference in the denfity of the ait
between the grains produces varieties in the quantity of pow-
der that takes fire 3 the following fimple experiment will fur-
ther confirm it, Let a mufquet be charged witha full quan-
tity of powder, with a fingle wad, and fired ‘into' a large
veflel, when the air of the armofphere is very denfe and drys
let it be again charged precifely in the fame manner, and
fired when the air is rarefied, as it is fometimes in'fummer, at
two or three o’clock in the afternoon ; and, to render the
effeéts more firiking, let the barrel be heated by expolure to
the fun. If the powder, after each difcharge, be colleGted
and weighed, a much greater number of unfired grains will
be found after the fecond than after the firft © nowthe only
difference between them being in the denfity of the air con=
rained between the grains, it is evident that this muft be the
fole caufe of the varieties that take place. The decreafe in
ranges, obferved in very hot weather, or when the guns are
much heated by preceding difcharges, ought not to be attri=
buted to the lefs elafticity of the air, fince its action, com-
pared to that of the elaftic fluid generated fron powder, is
hardly fenfible ; the true caufe is the rarefadtion of the airy
whence lefs powder takes fire.

73. The fize and pofition of the vent render this pro<
perty of powder fubjeét to other varieties. On firing two’
piftols, of the fame calibre, but the vent of the one larger
than that of the other, fewer unfired grains will be found in¢
the veffel from the former than from the latter. The fame
circumftance occurs when the vent of the one is fituated at
greater diftance from the bottom of the bore than the vent of
the other, though they be equal in fize.

74+ The charges that at each elevation produce the longeft
ranges, depend’ alfo upon this property of powder. Itis
neceffary to vary the charges according as the denfity of the
air contained between the grains differs, as the elevation is'
altered, or as the atmofphere is more’ or lefs loaded with
vapour. 'Thus it conflantly happens, that on firing at the
fame time two pieces of the fame calibre, but of unequal’
lengths, the vents of which are of the fame fize and in'the:
fame pofition’; the charge which in the longeft’ piece gives'
the longelt range; gives it equally in the fherteft picce;; pé'o&

vide
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vided that the two longeft: ranges of the two pieces, when
compared together, be unequal.

75+ In fecking the charge that gives the longeft range, it
will be found. that by ufing fimall charges at firft, and in=
creafing. the quantity of powder by degrees, the ranges will
increafe to a  certain point y after ‘which, if the charge -be
augmented, they will progreffively diminifh; thoush the re-
eoil will fill continue in the ratio .of the increale of the
charge, This is; a confequence deducible from the fore.
going experiments; and agreeable to the principles of me-
chanics;, fince the vecoil and the range ought to be in the
reciprocal ratio of the gun and the fhot, making allow-
ance for the refitance which thefe bodies meet with. Thus,
when all the powder explodes, the recoil and the range
ought to be in the above ratio; but when a part only
takes fire, the burning powder muft not only impel the
wad and.the fhot, but alfo the unfired grains, Now the
fubftances impelled towards the muzzle of the gun being in
greater quantity, the weight approaches nearer to the weight
of the gun, which always remains the fame, and the range
1s confequently diminifhed.

76. "The following experiments will - prove the third pro-
perty of powder in fire-arms: of all calibres. (70:) Leta
gun of .any nature be taken, and, to fimplify the experiment,
be charged with fuch a quantity of powder as will all explode :
on,examining the ranges from two equal charges of powder,
of the fame quality, but of differently fized grains, as catnon
and mufquet powder, it will be conftantly found, ceteris
paribusy that the range produced from the mufquet powder
1s much longer than that from the cannon powder. Now as
the action of fired powder depends on the . elaftic fluid, the
thot, in the longeft range, muft neceffarily have been jm.
pelled by a greater quantity of this fluid: but it has been
demonttrated, (57.) that from equal charges of ‘cannon and
mufquet powder, equal quantities of the elaftic fluid are ge-
nerated ‘when they are totally confumed; wherefore, in this
cafe, all the fluid is not generated in the time that the fhot is
moving along the bore. of the gun, and confequem]y we may
conclude that its .generation is progreffive. ». A ‘comparative
trial of all other kinds of powder that have the fame pro-
portion in_their ingredients, and differ  onlyin the fize of
the: grains, . gives a fimilar refult: whence! it is clear, that
each grain is confumed progreflively in pieces of all calibres;

\ and
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and that the only variation confifls in the length of time from
t_hc firlt inftant. of its inflammation till vits final ‘confump=
tion. i

27. Some artillerifts, from“the intenfe heat excited in a
piece of ordnance at thelinftant of explofion; particularly
with large charges, conceived: that ‘all the powder muft ‘be
confumed before the! fhot: begins to-be inmotion y'but it
having been already: proved:(71,72.) that the quantity of
powder that burns is limited, it will'fuffice’ to thew, by a
conclufive -experiment, that the inflammation and deftruc=
tion of each grain is progreflive. It:is well- known that
fine war powder is much fironger than mufquet powder 3
and that, on firing equal quantities-of thefe powders from
the fame picce, the former will give the longeftrange : but if
of the fame pafte from which the former powder be made,
grains four or five times larger.than thofe of the mufquet
powder be formed, and the difference of the ranges between
this large grained powder and mufquet powder, fired in equal
quantities from the fame gun, - be remarked, the ranges
from the latter will be found much longer than from the
forimer 3 confequently the fthot muft have been impelled by a
greater quantity of the elaftic fluid. 'But the large grained
powder, if totally confumed,- fhould produce thefame quan-
titity of fluid as the fine war- powder, whichwas found to
produce more of it than.an egual quantity of muflquet pow=
der. In this experiment,; therefore; all the fluid is: not dif~
engaged from the large grained powder, and the deftrudtion
of each grain is progrefive, as the chargeis/fo proportioned,
that the whole fhould take fire in the gun.

78: This progreflive deftruction of each grain is never to-
tally effected within the bore of the gun, in the charges at
prefent in ufe; for, independent of the above 'obfervations,
fire is always feen to iffue in great abundance from the
muzzle of the gun, which could never happen if all the
powder were confumed before the fhot began to move.

79. Upon this third property of powder in fome meafure
depends the difference of ranges in twosguns of unequal
Jength, but of -the fame. calibre, charged with equal quan-
tities of ‘powder of the fame quality. ~ The reafon why the
fhot from the longefl: piece ranges . farthelt, is not only be-
caufe it is-impelled foria:longer time by the fluid, but alfo
becaufe a greater quaritity.is generated. during that. time:
But fhot from: long pieces only range farther when at quit-

ting
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ting the gun they are fill impelled by the elaftic fluid; or,
in other words, when arrived at the mouth of the piece,
their velocity is lefs than that of the Auid itfelf.

80. The action of the elaftic fluid on- the fhot in moving
along the bore of the gun is fo powerful at the beginning of
the movement, that the range from a fmall charge fome-
times equals, and even exceeds, that from a larger charge,
though they both take fire before the fhot begins to move.
This is owing to the fmall charge occupying a lefs fpace of
the bore; whence the fhot is longer impelled by the fluid, as
it has a longer fpace to move through in the gun. To elu-
cidate this, let an experiment be made with a gun a diameter
and half of its fhot in length; the ranges, or the penetrations
of the thot into foft earth, will be greater when the charge
occupies half, than when it occupies a whole diameter.
Thus the decreafe of range in a piece of ordnance that is over-
charged arifes not only from the greater weight of matter
to be impelled by the fired powder, but alfo from the lefs
fpace that the fhot has to pafs through in the piece, and the
lefs impulfion of the elaftic fluid.

81. From thefe premifes, it will be eafy to explain, why,
in fire-arms loaded in the common manner, only a certain
quantity of powder can take fire.

There are two aétions to be diftinguithed in the fluid ge<
nerated at the burning of powder ; of fire, and elafticity. As
the fluid feparates, and difengages itfelf from the burning
grains, it carries off with it different inflamed combuftible
particles ; the degree of fire is then weakened, as much from
its expanfion, as from the extintion of the flame, owing to
the deftruction of thefe combuftible particles: wherefore the
fluid, at a certain diftance from the burning grains, does
not contain heat fufficient to inflame other grains; but its
elafticity, though weakened by the decreafe of heat, does not
ceale to act againft the fides of the containing veflel.  Now
as the inflammation of powder in fire-arms commences at
the vent fituated at the bottom of the bore, there is generated
from the firlt grains an elaftic fluid, which infinuates itfelf
into the interftices of the other grains; but the more this fluid
¢xpands, and the combuftible particles mixed with it are de-
ftroyed, the heat becomes lefs intenfe, and unable to fire the
grains more diftant from the vent : but a frefh fluid is fuc=
eeflively generating, and inflaming thofe which the firft proa
duced fluid had not power to inflame ; the quantity o;; z}clle

uid,
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fluid, and the intenfity of the heat, increafe by degrees, till
the wad and fhot begin to move. From this inftant of
movement the fpace containing the fire, the fluid, and the
unfired grains, enlarges; and though frefh fluid is conti-
nually generating; yet, as the fire does not increafe in propor-
tion as the fpace which contains it is enlarged by the re-
moval of the wad and fhot towards the mouth of the gun,
the unfired grains will not be inflamed ; as, from the rare-
fadtion of the air, the fire is not fufficiently intenfe. Hence
we may conceive why, in moderate charges, properly wadded,
the fluid has fufficient elafticity to force out the wad and fhot,
and, at the fame time, heat enough to fire all the grains;
and why, in charges that are too large, and wadded in the
fame manner, the heat is not intenfe enough to inflame the
grains that are diftant from the vent, while that its elafticity
1s fufficient to overcome the refiftance of the thot and wad,
and put them both in motion.

82. It may be concluded from the preceding obfervations,
that the form of the veflel in which powder is burned has no
influence -on the force of the elaftic fluid. Indeed, as the
powder may be more compact in one form of chamber than
in another, the fire, in fpreading itfelf from the vent with
more rapidity, “may inflame more grains ; thus a greater
quantity of the fluid may be produced in equal times, but
the abfolute force of an equal portion of it will not be in-
creafed. Mortars with fpherical chambers give the longeft
ranges ; becaufe, of all the different forms, of equal contents,
in which chambers can be made, the fpherical has leaft fuper-
ficies, as may be demontirated geometrically ; all the powder,
therefore, is nearer to the vent in this chamber than in any
other.

. 83. As the properties of fired powder are the fame in
fire-arms of all calibres, in proportion to the compactnefs of
the charge around the vent, the refiftance oppofed to its ex-
plofion, and the variation in the denfity or moifture of the
atmofphere ; it is evident that, in firing equal quantities of
powder of the fame quality, at different times and places,
different effe@s will refulr, If the ftate of the air be al-
tered, both with refpe&t 1o denfity and moifture, the ranges
will be fenfibly fhorter, as the fucceflive inflammation of the
grains will be flower : this frequently occurs when cannon
are fired over the fea, lakes, or mar(hy grounds, from which
there is a frong exhalation, :

: t
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It will be thewn, in the fecond part of this treatife, that the
initial velocity of a mufquet bullet; in a very moift day, is to
its velocity, with an equal charge, in a dry day, as fix to
feven. : :

84. Tt might be fuppofed, that experiments made at diffe-
rent times and places, with mortars confirufted with the
fame proportions, and from the fame model, might be con-
clufive in proving the comparative goodnefs and force of
different ‘powders; but the contrary is the cafe: for, inde-
pendant of the varieties enfuing from alterations in the ftate of
the atmofphere, there will inevitably be a difference in the
confiraction of the mortars, in fpite of the utmoft precau-
tion of the founder. Thefe differences, or inequalities,
though fearcely difcernible, will neverthelefs greatly affect the
range; even if the mortars are fired from the fame fpot, in
the fame pofition, and with all other circumftances as nearly
correfponding as poffible.

85. To alcertain the goodnefs and force of powder, by
proving it with a mortar—

1. Fire fome rounds with a particular powder, made
with the greateft exacinefs, called proof powder ; then fire
the fame number of rounds, from the fame mortar,
charged with an equal quantity of the powder to be
proved, which thould be of the fame kind as the proof
powder : if the ranges be equal, the force and goodnefs
of the powder is afcertained. It fignifies little whe-
ther the prosf powder, provided that it be in good pre-
fervation, has at other times given longer or fhorter
ranges; fince this comparative trial proves that the two
powders are of equal force. 4

2. Before the proof, the two powders fhould be ex-
pofed to the fun for fome time; (63, 66.) and the
proof made on a day when the air is clear and ferene,

3 To leflen the varieties that any alteration in the
rarefaltion of the air might occafion in the inflamima=
tion of the powder, or the refiftance of the fhot, the
two powders fhould be fired as nearly at the fame time
as poffible, and in fmall quantities, that the whole charge
may take fire: wherefore, if the chamber be cylin-
drical, as it .commonly is in- proof mortars, and the vent
fituated ‘at the bottom, the charge ought not to exm?ed
one diameter of the chamber ; though a larger quantity
might take fire, if the powder be of fufficient firength.

4. The
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4. The mortar fhould be firmly fized in a heavy bed,
that the machine may not be deranged by the explo-
fion, and laid at 45°; the fhot fhould be of equal
weights and diameters, with the centre of the figure
correfponding with the centre of gravity: without
thefe precautions, the refult of the experiments can-
not be depended upon.

In this manner the goodnefs and force of powder may be
with more accuracy afcertained, than by any other method
yet invented : for complicated machinery is fubje& to nu=
merous accidents; many of which arc avoided by fixing the
wiortars fo folidly and firmly in their beds, as' to form as j¢
were but one fimple machine.

CHA P vV,

OF THe CHARGES THAT GIVE THE LONGEST
RANGES.

86. TO afcertain the charges that give the longeft
ranges, has ever been ‘one of the chief objeéts of refearch
among artillerifts ; it is to be deduced from the fecond pro-
perty of powder, and can only be known by experiments
made in particular cafes. Having proved, in  the preceding
chapter, that the fecand property of powder has effect in all
fire-arms (47, 71), and that the quantity which takes firg
is in proportion to the refiftance to the explofion, the denfity
of the air contained between the grains (72, 74), the fize
and pofition of the vent, the form of the chamber, and the
ftate of the atmofphere (82), it is impoffible to fix invariably
the charges for giving the longeft ranges; the utmoft thag
can be done, is to eftablith rules adapted to certain deters:
mined circumftances: and, in order to render them ufeful
and conclufive; they fhould be deduced from experiments
made with guns of the fame calibre with thole of which the

roper charge is fought, and the common mode of firing
thould be obferved,

87. In thefe experiments two objects are principa]!y to be
had in view: '

1. To find the charge which, of all others under
fimilar circumftances, wi{i{l with powder of the fame
uality produce the longelt range,
? ; C 2, To
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2. To afcertain the greatelt quantity of the fame
powder that takes fire in the piece, fired precifely ih the
fame circumftances. ‘This diftinéion muft be carefully
obferved.

Tt has been demonftrated, in fpeaking of fhort guns (80),
that when the greatet number of grains take, fire, the range
is not always the Jongeft : Now it is ealy to extend this de-
mounftration to pieces of all lengths.  T'o fuppofe that the
charge is entirely converted into elaflic fluid before the fhot
begins fenfibly to move from its place, and that the fluid
preferves conftantly the fame degree of heat, is to confider it
as liable to no other modification than expanfion as it paffes
along the bore of the. gun, which is pfoved to be falfe in the
experiments related in the Philofophical Inftitutions, It is
there (hewn, that the longeft range is obtained from a charge
that occupies about 13 of the length of the bore, and that
all other charges give fthorter or longer ranges according to
their deviation from this proportion.. Thus the experiments
made with the powders defcribed (40), far from invalidating
the former conclufion, on the contrary confirm it; by pro-
ving, that in fire-arms overcharged with powder, and the
fhots and wads rammed as ufual, all the grains do not take
fire, and that all the elaftic fluid is not generated before the
fhot iffues from the mouth of the piece. Whence on com-
paring two unequal charges of cannon powder, the {malleft
of which is entirely confumed in the piece, while the larger
is only confumed in part; it will be feen, that though the
longeft range might be expeéted from the largeft charge, as
more of it may take fire; yet conclufions entirely oppofite
may be drawn from practice : whether it is, that the unfired
powder increafes the weight of the {fubftances to be impelled ;
or whether from the quantity of the charge, the fpace through
which the fhot fhould pafs is too much diminifhed.  Since,
then, in fpite of the inflammation of a greater number of
grains, thefe large'charges do not always give the longeft
ranges, 2nd they ufelefsly increafe the confumption of pow=
der, and fhatter the carriages; our principal obje&t fthould be
to determine precifely the charge which, of all others under
fimilar circumftances, will give the longeft range in pieces
of all ealibres.

88. There are three methods of determining experimentally
the charge that impels the fhot with the greateft force, and of
courfe gives the longeft range.

1. By
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1. By finding the jnitial velocity of the fhot near the
mouth of " the piece.

2. By firing againft- a 'butt penectrable 'and” homoge-
Ff-‘ous, in which may be meafured the penetratidns of the
not.

3. By meafuring the length of the ranges.

The Tat method is the moft complex, and gives approxie
mations lealt exact; as feveral circumftances may concur to
impede the motion of the thot, and aiter 'it’s direCion ; but, as
it is moft common in practice, we will firf examineit. The
invefligation of the othiers will lead 'us to the folution of feveral
Very important problems.

"Tofind tie charge that gives the Jongeft ranige—

1. Fire' feveral rounds from the fame piece, under
circumftances as nearly fimilar as poffible, with fhot of
the fame kind, and with wads rammed with the fame
force as is generally employed ; in a word, ‘with no other
difference than in the quantity of powder.

2. Continue firing till a_charge be found, any increafe
or decreafe of which gives thorter, or at leaft equal ranges,

3. Alter the elevation of the guns, ‘and fire fevera]
rounds in- each pofition, till the proper charge be found.

Imprefied with a neceflity of adhering to thefe principles, and
anxious, at the fame time, to avoid a prolixity that could add
nothing to_the exaftnefs of the conclufions, the officers of ar-
tillery at TuriN, in making the following experiments, laid
the gun, at firft, horizontally, and afterwards, at the higheft
elevation the carriages would admit of.

89. The experiments began the 7th of February, and ter-
minated the 3oth of March, 1746. They were generally car-
ried on in moderate weather, and in the afternoon. Several
rounds were fired from each piece, with equal charges. The
guns were mounted on a part of the fortifications of the city,
where the axis of the piece was thirty feet higher than the level
of the country where the fhot fell. In the dire@ion of the
range a line was traced, and pickets fixed in the ground at every
hundred feet 5 and, to prevent all poffibility of miftake, each
picket was numbered. ‘T the right and' left of the ranges,
men were pofted to mark exaétly the fpot where the thot firfy
grazed ; while the officers made the neceffary obfervations upon
the guns, which moved' freely upon a folid horizontal plat-
form, twenty feet in length, and ten in breadth, The' guns
were four, eight, fixteen, and Cthirty-two-pounders ; and thole

) which
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which had the hore cylindrical, and the vent fituated at the
bottom, were conftructed according tothe proportions . laid
down in the Firft Book of Artillery,

Nature of Guns. Length of Bore. Weight.
Pounders, Calibres. Cowotiy 9., {6s
4 B 27 e e e
8 — 27 — ) e S
16 — 23 - 3T T3y 20
32 — 20 — LT At b &

They were fired on their cdrriages, and loaded with the
ladle : the powder was the common-grained cannon pow-
der; four firokes of the rammer were given to the wad over
the powder, and three to that over the fhot, by the fame
gunner, and as nearly as poffible with the fame force. The
wads were of twilled hay, properly pgauged; the fhot were
weighed, to fee that they were exaltly equal in weight ; and
the windage was in the ratio of twenty to twenty-one.

‘T'he: guns being loaded, and pointed along the range, were
fired with the axis always horizontal; ‘which was afcertained
by the pendulum and water-level. After each difcharge, the
length of the recoil was meafured ; the wheels were placed in
the fame pofition, between lines, to' prevent the {lighteft dif-
ference, The comns placed under the breech were marked be-
fore the difcharge’; and if moved by the fhock, the expe-
riment was not confidered as exa&.

Thefe precautions being taken, ‘the fmalleft charges were
ufed at firft, and increafed gradually tll the ranges began
to diminifh: three rounds, at lealt, were fired with each
charge. The'charge that gave ‘the longeft range having been
afcertained by repeated firings, the principal object was, during
the lat five days, to remark what alteration might arife from
any change.in the ftate of the atmofphere ; with this view, the
fame gun was fired each afternoon, with the charges marked
in the following table.  For example, from'the four-pounder
three rounds were fired, with each of'the charges of 11b. 4 02.
1lb. 1002z. 21lb. 10z. of powder : the following day, from
the eight-pounder three rounds were fired, with the charges
of 21b. 7 0z, 31b. 50z."and 41lb. 2 0z. of powder. In
like manner the {ixteen-pounder was fired on the third, and
the *thirty-two-pounder on the fourth day. ' Atlength, to
form a comparifon of the ranges of 'the different guns, on the
fifth day the‘four and cight-pounders were fired, with charges

equal
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équal to half the weight of thieir thot + the charges of the fixteen
and thirty-two pounders were equal to L of the weight of their
fhot. The following table'will fhew the refult’ of ' the ex=
periments during the five days. :

Nature of * Weight of Length of Recoil.
Guns. Powder., Range.
Pounders. . oz, Yards. Tnches,
{ SE IS RS ey i 4
4 1' 10 — 489 o 62
2 I o o TS S e
2052 T ol S5 LSO 145
8 e Rl ¢ | Rl ) |
&3+ 75 THiv 5380 L 92
Figtin ot 3L 4%
16 { 4 6 — 526 = 55
J5 L TAEER e e 8RSkl D
{ G i0or oo iy 488 e Sa B
32 8 12 — 492 — 71X
9 .13 - i 489 " = 82

go. Thefe experiments having been made with the great-
eft accuracy, we may conclude, that in cannon fired under
fimilar circumftances, the charge of powder which will give
the longeit range, is equal to half of the weight of the thot
in four and eight pounders, and to & of its weight in fixteen
and thirty-two pounders ; and moreover draw the following
inferences with refpeét to two important effeéts which cona
ftantly appear.

1. The recoil always increafes in proportion to the .
augmentation of the charge, that the length of the
range increafes to a certain. point, and afterwards de-
creafes in a much:lefs ratio than the recoil increafes.

2. That the charge which gives the longeft range in
picces of {mall calibre, is proportionally larger than in
pieces of large calibre,

g1. ‘The following experiment will explain the caufe of
the firlt effet (9o, No. 1.): Charge any picce of ordnance
with the greateft. quantity of powder that will all take fire
without a wad; after the difcharge mark the recoil: ufe
again the fame quantity of powder, with a wad frongly
rammed on it ; the length: of the recoil will be greater than
at the firft difcharge : fire.a third round with the fame charge

Cg3 well
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well wadded, with the addition'of a fhot and wad ovér it 4
the length of the recoil will be again increafed,. ' At length,
with fimilar charges and wads; and, inftead of one, putting
two or three fhot into the gun, the recoil will increafe in pro-
portion to the number of fhot, and the range will diminith.

g2. 'We may eafily apply this fact to the experiments of
1746.

7%t has been proved (71 75), that only a limited quantity
of cannon powder takes fire : “thus, tiil the charge be fo pro-
portioned as to be all fired in the piece, a greater quantity of
elaftic fluid is generated in proportion to the largenefs of the
charge.. Now confidering the gun and its carriage taken to-
gether as a conftant quantity termed C, and the fubftances
impelled towards the mouth of the gun, viz. the two wads
and the thot, as P ; the length of the range ought to be to
the length of the recoil as C ¢ P, without making allow-
ance for fri¢tion and the refiftance of the air to the motion
of the fhot. 'But as the fpace that the fhot fhould move
through in the piece is diminithed in proportion as the
charge is increafed, and the wis motrix confequently aéts up-
on it for a fhorter time ; the decreafe of impulfion muft be
deducted from the action of the elaftic fluid generated in
greater quantity as the charge is Jarger : Hence it refults, that
the ranges ‘are proportionally fhorter than the recoil, though
they both increafe as the charge is augmented,

But if the charge be fo augmented, that a part I arrives
at:the mouth'of the piece without taking fire, then the fub-
ftances to be impelled being in ‘greater quantity, the fame
circumftance that occurs when feveral fhot are put into the
piece will in part occur here. As no more grains will be
fired, than if the charge were fmalier and all ignited, the thot
will acquire lefs velocity; but thereaction againt C increafing
at the fame time, the recoil will be greater than before,
The fubftances P'+-I forced towards the mouth of the piece,
prefenting to the ‘explofion of the elaftic fluid a greater re-
fittance than P alone, and the number of ignited grains and the
quantity of fluid generated during the time that the fhot is
moving along the bore being more confiderable; the abfolute
increafe of fire atting againft the gun and carriage muft alfo
augment the recoil ;- while the range may be fhorter, equal,
or longer, than that produced by a charge that is entirely
confumed in"the gun, in the ratio that the increafe of fluid
bears to the (ubftances P 4 I, and  to' the fpace that the fhot

: has
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has to-move through in the piece.. This (hews clearly; that
the ranges or the initial velocities of fbot impelled from gums
are propartionally lefs than the recoilsy and that if the charge
be augmented to a certain/'point, the ranges will diminifh,
while the recoils will increafe.

93. Thus; very large ¢harges fhould never be ufed in the
fervice of artillery, as the ranges from them are fhorter, orat
moft but equal ; and befide the ufelefs/expenditure -of pow-
der, the carriages are foon rendered unferviceable; and the
greater part of the {hot are of no effect.

94. The caufes of the recoil merit a more particular exa-
mination, There are two motions in the breech of. a‘gun,
at the inftant of difcharges one up: and down, by which it
finks into the coins, and fometimes throws them upon the
ground, if too obtufe or improperly placed : this refleéted
movement of the breech takes place when the center of gra-
vity of the gun is too near to the axis of the trunnions, or
when the coins are made of too elaftic a fubftance, - The
other is an attempt to retire with all the machine in a di-
rection oppofite to that of the movement of the fhot, which
is termed the recoil.

95. The better to underfland the caufe of this double mo-
tion ; let a refifting veflel; in which powder takes fire, be fup-
pofed to have the vent ftopped at the beginning of the in-
flammation, no motion will in this cafe be perceived, becaufe
the elaftic fiuid, prefling equally upon-the fides'of the con-
taining veflel, and all the parts having a mutual attration,
its powers are in equilibrio : the balloon inflated with air is
a very fimple demonflration of this.

6. But if the elaftic fluid can efcape through an apertire
made on purpofe, or through a cleft caufed by its action:on
the fides of the veflel, it will be impelled in a direction op-
pofite to the aperture, with a force proportionate to the den-
fity and welocity of the fluid. For the elaftic fluid lin
efcaping meets refiftance from the external air, and impels
it and the veffel in oppofite direCtions ; and if the veffel itfelf
be not equal in weight to the action of the fluid, it will be
put in motion: fince the column of air which refifts this
motion, and tends to preferve the veflel in a ftate of reft, will
not be able to preventit ; (its refiftance being proportional to
the velocity of bodies moving in it:) the greater the velocity
with which the- fluid rufhes out, the greater will be the re-
fiftance, and the longer the recoil : a number of experiments

Cs might
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mtight be adduced in fuppart of thisybut the common fkys
racket fully exemiplifies it,- : .
.97+ When fireis introduced intorthe vent-of a.gun, the
action.of the breech-againft-the coins-is:in propertion to the
denfity of the elaftic-fluid <in the charging cylinder: now zs
the wad and fhot cannot move before there be a- fufficient
quantity of -the fluid generated to-avercome. their refiftance,
and foree out the column of rairifrom the bore of the gun ;
if ‘the;wad: be t00.ftrongly ramned; or -a jpart-only of the
powder: take fire; on more;than: ope: thot be put into the
.gun;, of it be mere elevated at one difcharge than another, the
relifiance 1o the fluid being increaled by one or more of thefe
caufes, a greater quantity mult be generated before the fhot
and, wad will_be. moved. . Before. this metion commences,
there can. be no recoil (gg), for the thot.and wad form, as
it were; a part of the gun itfelf: wherefore, if fo large a
quantity of, fubftances ‘be putinto a gun, as totally to pre=
vent, by their refiltance, the efcape of the elaflic fluid, there
will be no other movement in. the piece than .that “of the
breech up and. down againft the coins 3 which might, if ne-
ceflary, be more fully demonitrated.  Moreover, fince a
part of the elaftic fluid. efcapes through the vent during the
time of jts generation in the charging ¢ylinder, it is clear,
that the action of the breech againft the coins in the oppo-
fite direction; muft commence as foon ‘as the powder takes
fite, -but the reeotl wiil begin fooner or later according to the
refiftanee oppoled tothe explofion; )
g8. Henvey if thie movement of ‘the breech tip and down
has not totallyicealed before the fhot quits the gun, it ma
bethrown abeve or: belewthe pointiaimed ati " When the
wheels are of unequal diameters, or not placed in the inter-
vals of the:carrefponding, lines-and nails, orthe platform on
which'the. gan_moves while the fhot is. pafling-along the
bore; is not even.and folid ; in.all thefe cafes,.the gun will not
reeoil in the.proper.direction, and the. thot «will. be. thrown
wide-of /the mark,
.99« Ehelength of the recoil iduring. the time that the
fhot.is paffing: along 1 the, bore varies according  to: circum=
ftances, Lf the charge, fon inftance, be:rammed in the com-
mon: method;and, the, gun placed lon an  even :horizontal
platforniy the elaflic fiuid muft exert more force to move the
charge;thanto-move the gun 5 as/is thecafe infing the wad-
‘hook-to -draw; qut:the charge, the.gun: being drawn fDrv.;ard
- before
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before the wad is difplaced. 7 If; on the \contrary, part of the
platform be raifed, the fame force ‘that will ‘draw iout the
wad will not 'be fufficient to! draw the' gun up’the inclined
plane. - Similar varieties- occur in' the recoil; ‘when the ‘ele-
vation of the rgun is altered, or the wheels turn riore freely
on the axlestree.

To give ro this queftion.a pra@ical” folution, with refpeét
to cllarges thiat-all take fire' it the guny let the gun and ear>
riage be confidered as one body=C; the ‘wads and thot=P,
the length of the bore from the fhot to the muzzle = D, the

PD
recoil will be=——, Let one round be fired with a wad

over the powder, and the recoil=A. ‘Let afecond be fired
with the addition of a fhot, the recoil=B will ‘be ' greater

PD BPD'!
than Ajand A : B :: —— : ——=the length of the recoil
C AC

in the time that the (hot is paffing along the gun.  This ex-
periment having . been made with a thirty-two pounder,
charged with common powder, and fired horizontally on a

BPD

AC
form be very folid and even for L an inch, at the fpot on
which the wheels and trail of the carriage relty the remain-
der of the platform is only ufeful in facilitating the operations

BPD
AC

circumf{tances vary a little, allowance thould be made for it.
100+ Let the fecond effe (go.N® 2.), viz. that the
charge which gives the longeft range in picces of fmall calibre,
35 proportionally greater than the charge which gives the lon=
geft ranges in pieces of large calibre, be now confidered.
"This effecty which con antly appeared in the foregoing ex-
periments, could only proceed from the fize of tl'fe vent being
equal in the four guns, and from the wads: being rammed
with the fameforce. ““From the former circumftance, a re-
latively greater degree of fire is produced in the fmall guns 3
and from the force with which the wads are: rammed, the
powder is more compact, and the charge adhering clofer lt::r
the

horizontal platform =1 aninch. So that if the plat-

of the artillery-men : indeed, as the value may from
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the fides of the gun, the refitance is increafed, and more
grains are fired.

101. In the fpring of 1750, the officers of artillery Leing
directed to inveftigate fome profeffional points under the or-
ders of the Chevalier, FERRERO BI PonsiGLionE, made
feveral experiments to find the charge that gives the lungeft
range, when the piece is fired at the higheft ¢levation the car-
riage will admit of.  The guns wereof the fame calibre and
proportions as in 1746, only the.fhet being rather larger, the
windage was lefs, . "They were loaded with the ladle with
different charges of common grained cannon powder : three
rounds were fired from each gun with the fame charge ; the
fame artillery-men gave five ftrokes of the rammer to the
wad over the powder, and three to that over the fhot 3 the
guns on their carriages, moving freely upon a horizontal
platform were always laid at the fame elevation,. and every
precaution was taken to' load them equally; and meafure
exallly the length of the ranges, upon a flat piece of ground
nearly on the fame level with the battery,

Refult of Experiments made in the Spring of 1750,

Nature of Guns.  Weight of ~ Length of Recoll,
Powder. Range.

Pounders. Elevation. Ib, ox. Yards. Incher,
AR S VL e 52

° 3-8 i g 60
el 214 =— 2422 — %0

B, W it -\ it e

PR CTTW SRS b R 46

it bl TG G S 635

8§ — '11° 2SI STHER R 85
o i S e 5, 7 s TR w5

BTG S ISE TORGRET AR Ty 3y

¥ Vi 0 fRg Alieem 71

6 9 — 2820 i e

. 12663 =— o

16 — 12 57; g SR HBYS e 37
g o =— 2764 ~— = 108

913 — 2892 ‘— 113

iy - 117

A e 0 ¥20

6 < ami Zggsll = 124

‘6 = 32200 (= - 146

o — 3084 — 168

102, It
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102. It refults from thefe experiments, that the charges
that give the longeft ranges when cannon are fired at the
highelt elevation ‘their carriages will. admit “of, are greater
than thofe which produce the fame effe& when fired hori-
zontally (8g). - But the ranges do not' increafe in the regu-~
lar progreffion’ that might be expe&ed. - For inftance, in
the fixteen pounder, the 'charges of §lb. 12.0z. and 7 lb.
3 0z. gave ranges nearly equal, while 61b. goz. gave one
much longer, - Thefe irregularities proceed from the diffe-
rent charges not having been fired on the fame day ; the
51b. 12 0z. were fired the 23d of March, ‘the 61b. g oz.
the day following, and the 71b. 3 0z. on the ift ‘of April ;
if they had been fired on the fame morning, the modifica-
tions in the explofion of the powder, and the air’s refiftance
to the fhot, refulting from the alterations in- the ftate of the
atmofphere, would have been avoided : in the 4th-and sth
chapters of the fecond part, this matter will be more fully
difcuffed.

On repeating thefe experiments with fuch precautions as
to avoid the modifications arifing from changes in the fate
of the armofphere, the charges (1o1) that give the longeft
ranges will be found to be almoft double of thofe ufed in
1746; but theincreale of range is of little importance com«
pared to the increafe of the recoil, and the greater fhoek
{uftained by the carriage ; thefe large charges fhould never be
ufed for common fervice. -

103. In experiments of this kind, a remarkable inequa-
lity between two ranges from equal charges of powder will
occafionally occur, though every precaution betaken to fire
them under circumftances as nearly fimilar as poffible.
Thefe inequalities were neither fo frequent, nor confide-
rable in 1746 as in 17503 but it is impoffible totally to
avoid them, for fuppofing the direction of the guns to remain
unaltered at the explofion,.yet there are two caufes which
feparately or- conjointly may render the ranges from equal
charges of powder unequal.

1. The thot in paffing through the plane of the gun,
may not exaétly follow the direction of the bore; or on
quitting the gun, it may take a different direction.

104 2 .The. powder may not be equally well colleCted
in the piece,do that charges though equal in quantity,
have not the fame figure : large charges are more liable
to this accident than {maller ones, particularly when

rammed
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ramymed ‘with the fame force, | [nithis cafe the quantity
of powder fired in'the larger charge, varies in proportion
to the difpofition of the grains to inflammation’s for in-
ftance, in" guns laid above the’ horizon, more powder
Ought to'take fire, as' the refiftance to the explofion is
greater. - The- larger the charges, the more frequent
are the inequalities in''the ranges independent of the
violent concuffion of the carriages.

105. Whierefore, the two extremes of ' very large or very
fmall ‘charges thould ‘be equally avoided ; for the firft does
not compenfate for the ‘uncertainty of their ranges, or the
great increéale of recoil, by the additional velocity and force
given to ‘the thot: and with very fmall eharges, the leaft
difference’in the fize'of the wads or ramming, caufes a great
alteration in the ‘impulfion’ of the fhot and ultimately in
the range;’ as ' is often 'feciv in richochet-firing, and.in mor-

tars loaded ‘with fmall quantities of powder.

106. This object of afcertaining the charges that give the
longeft - ranges, ‘has engaged the attention of the French, as
well as “the Piedmontefe artillerifts ; and the refult of their
experiments appears to be, that 'in’ cannon of large calibre,
the charge ought to'berabout 3 of the weight of the fhot.

The knights of ‘Malta, on feeing the report.of the French
experiments, ' were induced to diret Sig. MaranDpoNE,
engineer of the order, ‘in the month of Auguft, 1747, to
repeat them. ' He fent to the regiment of artillery at Turin
a ‘detail of his practice, and-afked the opinion of the officers
‘on the conclufions to be drawn from it. ' Having obferved,
that onufing larger: charges than § of the weight of the fhot,
the-ranges ftill increafed proportionally’; he did not think it:
neceflary to' purfue his ‘experiments. for finding the charge
thatwould give the longeft range ; ‘and judging that-the
French powder was:'weaker: than his, he concluded that
when cantion of a‘large calibre arecharged with' a ftronger
powder: than the French ufe, the charge which ought to pro-
duce the longeft range, muft exceed & of - the weight of the
{hot : this conclufion is' conformable to our theory, and the
refults of our praétice.

It is clear/then, ‘that the artillerifts in former days, con~
fumed a fuperfluous. quantity’ of powder, in - making the
chargeiequal ‘torithe weight of ‘the fhot - it even fometimes
exceeded jit,vas theiv powder was much weaker than that
now'in'ufe, i

107. The
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».107+ The charges we have laid down.as giving the Jengeft

ranges (8o, 102) are under fimilar, circumiances, the fame
inall guns of the fame calibré, whatever be theirilength 3 fince
the, increafe of Jength: dbes not generally caufe the inflam-
mation of a greater number of grains (71, the charge. which
in one gun will give the longelt: range will jgive it equally in
a fhorter one of 'the .fame;calibre: very thort, guns are in-
deed an exception to this;rule ; Jforin them,the aétion of the
elaltic flyid ;upen. the ihotqin; two - unequal, charges that:all
take fire, is at leaft equal, cor leven greatery in- the fmalleft
charge ; as the fhot having.a greater length of ‘the bore to
pals through (80) is longer impelied by the elaftic Auid.

108. It only then remains toafcertain the belt charges for
fervice 3 we. thould previoufly recollect, that the great utility,
of fire-arms confifts in two . points: the firft and principal
one is, to ftrike the obje&t aimed at ;. the fecond is, to {trike
it with a due degree of force.. The firft is ever indifpenfable ;
the fecond admits of certain modifications : for the greateft
force that fire-arms can produce is not always requifite 5 .and
even when it s (Philof. Inflit.) it is better to diminifh the
charge, and leflen the effect of the, fhot, than run.the hazard
of miffing the, object, from the uncertainty of ufing very
large charges; .this needs no illuftration.. - Befide,;brafs
guns fired frequently with large charges are.in a few days
rendered unferviceable ; wheretore tlie advantages and. dif~
advantages attending the ufe of themthould be fully weigheds,
as upon the prefervation  of the guns may entirely depend
the fuccels of an enterprife, _ .

109. To apply thefe confiderations to pradtice, and com=,
bine the juftnefs of the range with the neceffary force,:and;
with the prefervation of the gun and carriage ;; the charges,
of powder for fixteen and thirty-two pounders; ought never.
in the attack and defence of places. to exceed half of  the.
weight of the fhot, if the gun be properly . proportioned
(89) and fired at the diftances fet down.in the  fecond and
third book of Military Architecture, and the Tireatife-of Ax-
tillery; this wewill call the largeft fervice charge, and fhould
only be ufed in cafes of neceffity : the fmalleftdervice-charge
fhould not belefs than X of the weight of the {hot, and
the medipm: charge L or 2 of its weight.

"The charge for eight and four pounders fhould vary. ac:
cording to circumftances, from % to % of the weight of the.
thot ; the wads in thefe picces and in thirty-two and fixteen

pounders,
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pounders, fhould ‘be rammed in' proportion to the weight of
the charge, in order to produce the proper effect ; perhaps
too much force cannot be ufed, provided that ‘the grains of
powder are not cruthed and beat' fo clofe ‘as to'prevent the
fire from penetratings  The charge for richochet and red-
hot firing, is very fmall ‘in proportion to the calibre ; it de~
pends in fieges on the fituation of the gun, as the diftance
from the enemies batteries is the only point to be confidered.
The charges for field artillery in general a&ions, in affairs
of pofts, in attack and defence of intrenchments, &c, thould
be between 1 and § of the weight of the fhot, according to
the calibre and weight of the gun.

110. Though our obferyations have been hitherto confined
to the proper charges for guns; yet thofe for mortars may be
eafily afcertained by knowing the quality of the powder, and
the form of the chamber. All the mortars now in ufe, in
which the communication between the chamber and the
chafe is narrower than the greateft diameter of the chamber,
as the {pherical, elliptical, parabolic, and thofe in form of a
pear, always range the fartheft, when the chambers are filled
with the common cannon powder, and the fhell clofely con-
fined by well fifted earth rammed upon it ; it is clear in this
cafe that the charge cannot be augmented. Befide the con-
cuflion is more violent, and the ranges are lefs exa&, when
the chambers are not filled ; therefore, to throw a fhell to a
certain point, the chamber fhould be filled, and the rangg
regulated by the degree of elevation,

111. We will conclude this chapter by fhewing experimen -
tally how much the difference in the fize of the vent affeéts the
force of the fhot. A mufquet was taken -%; of an inch in
diameter, and 33 inches in length of barrel. The axis of
the large ferew which clofes the breech, was perforated with
a hole %5 of in inch in diameter, with fpiral fides to receivea
{maller fcrew ; one end of the fmaller ferew was armed with a
little piece of red hot iron, to fet fire to the powder in the
barrel ; to the other end 2 winch was fixed to ferew it up ;
at the part where the vent is generally placed, a circular hole
with fpiral fides was drilled % of an inch in diameter, to
which three fcrews were fucceflively applied ; the firlt exaétly
clofed the opening, and confequently forced all the fired
powder to pafs through the muzzle. ~The fecond had in its
axis a hole or vent % of an inch in diameter, through which a
part of the fluid might efcape; and the third had a vent of ﬁ;_
LY
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of an inch in diameter. - The mufquet thus prepared was
Joaded each time with 10 drachms of fine powder put inta
cartridges, and with an iron ball 11 oz, in weight ; the wads
were rammed down with equal force by the fame man.

The experiments began by firing the mufquet with: the
fcrew that entirely clofed the vent ; it wasthen fired withthe
ferew % inch in diameter; afterwards with that of %, and at
length without any fcrew. . ‘The charges were fired by the
hot iron fcrewed into the breech: the object was a plank
placed 4t 5 fect from the muzzle of the mulquet.

The medium of the penetration of the ballsin 24 rounds

is as follows :
Inches.

with the vent.entirely clofed - - - 6

In the dif- ) with the vent -'; of an inch in diameter - 8
charges )} with the vent ;% of an inch in diameter - 6%

with the vent % of an inch in diameter - 4

It refults from' this experiment, that ‘when there is no
vent lefs powder is fired, and that which does take fire burns
more flowly. If the large vent be left open, and a fheet of
paper ftretched at 2 feet from it, the paper will be pierced full
of holes by the powder forced through the vent at the explo-
fion. Soldiers firing in line are often pricked in the face by
grains of powder driven with force from the mufquets on
their left ; the common opinion that thefe grains ‘are a part
of the priming is erroneous.

SECOND PART.

Or ruar Force oF FIRED GUN-POWDER.

112. I T was fhewn in the former part of this work that
the principal properties of powder are fubject to many mo-
difications, even in experiments conduéted with the utmoft
care. How much more important and frequent then muft
they be when powder is employed in military operations ;
where, from the nature of things, there can neither be fo
much attention paid to prevent irregularities, nor fo much

accuracy




