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ADVERTISEMENT. 

A NEW Edition of Mr. Robinls celebrated 

Treatise of Gunnery being much desired by 

the public, the proprietor bas been induc­
ed to have it revised and improved through­
out by an eniinent mathematician, who 

has carefully revised the whole, and illus­

trated it witb many useful notes, relative to 

sucb i~provements in the art of Gunnery, 
as have taken ,place since the last edition 

of this work. The notes added by: the ."" 

present Edi~r a,re subscribed with his in­
itial, H~ to distinguish them from those of 

the original author. 



































































































































































































































































NE'V PRINCIPLES 

PROP. VIII. 

To determin{! the Velocity, whiclt any Ball mO'Ot:s 

with at any Distance from the Piece, it is 
diachargedfrom. . 

T HE simplest method of effecting this, is by 
means of an instrument like to that exhibited in 
the engraved figure, where ABCD represents the 
'body of the machinr, composed of the three poles 
B, e, D, spreading at· bottom, and joining toge-' 
ther at the top A; being the same with what is 
vulgar.ly used in the weighing and lifting of very 
~heavy bodies, and· is called by workmen the trian-
'gles. . On two of these poles, towards their tops, .. 
, ate· screwed on the sockets RS; and on these 
seekets the pendulum EFG HIK is hung by means 
pf, its cross, piece EF, which becomes its Ris of 
·suspension, and on which it must be made to vi.,. 
brate with great freedom. The body of this pen­
~hilum is made of iron, having a broad part at. 
bottom, which cannot be seen in this scheme; but 
its entire shape is represented in the annexed 
figu.rc A. _ ~r-----"'''. --L--_ 

, ; 

A 



'OF GUNNERY~ 
The lower part of the pendulum is covered with 

a thick piece of wood G KIH, which is fastened 
to the iron by screws. . Something lower than the 
bottom of the pendulum there is a brace OP, join­
ing the two poles to which, the pendulum is'' sus· 
pended; and fo this brace there IS fastened a co~­
trivance )\.fNU, made. \\'ith two edges of steel, 
bearing on each other in the line UN; something' 
in the manner of a drawing-pen; the strength witb 
,vhich these edges 'pres~ on each other being dimi. 
nished or increa.sed at pleasure, hy means' of. a 
sc~ew Z going thl'Ough the upper piece. There is 
fastened to the bottom of the pendulum a narro\v 
ribbon LN, which passes between these steel edges, ' 
and which afterwards, by means of an opening (;ut 
in the lower piece of steel, hangs loosely dow'n, as 
.at ·'V. \ 

This instrument thus fitted, if the ,,-eight of the 
pendulum be known, and likewise the respective 

- distances of its centre of gravity, and of its centre 
of oscilla tion, 'from its axis of suspension, it will 
thence be known, what· motion will be communi-' 
('ated to this pendulum by the percussion of a body" 
~)f a known weight moving with a known degree 
of celerity, and ·striking it in a given point; that. 
is, if the pendulum be supposed at rest before the ' . 
percussion, it will be. known, what vibration it 
ought to make in consequence of such a deter­
mined blow ; and, 0111 the contrary, if the pendu­
lum, being at rest, is struck by a body of a known 

, weight, and. the vibration" which the pendulum. 
makes after the blow, is kno,vn, the 'Velocity of the 
striking body may from thence be determined. _ , 

Hence, then, if a bullet of a known weight 
strikes the pendulum, and the 'Vibration, which the 
pendulum makes in consequenf;:e of the stroke, be 
ascertained; the velocity, with which the ball 

·moved, is thence to be known . 
. Now the extent of the vibration; 

Fs 
made by the 

penduluJr.. 



NE\V' PRINCIPLES 
pendulum after the blow, may be measured t 
great accuracy by tile ribbon LN; for let the 
pressure of the edges UN on the ribbon be 80 re­
gulated by the screw Z, that the motion of the 
ribbon betwecll them may be free and easy. though 
with some minute resistance; then settling the 
pendulum at f('st, let the part LN between the 
pendulum and the edges be drawn straight, but not 
strailled, and fix a pin in that part of the ribbon, 
which is then contIguous to the edges: let now a 
ball impinge on the pendulum, then the pendulum 
s'''inging'back will draw out the ribbon to the just 
extent of its vibration, which will consequently be , 
determined by the interval on the rihbon between . 
the edges UN. and the place of the pin, 

• 

Blit the computation, hy whidl the velocity of 
tl1e ball is determined from the vibration of the 
pendulum after the stroke, r~quires a more parti­
e,ulal' explication; anel for thIS purpose we wdl ex­
hibit, as an example, the pendulum made use of 
by us in some of' our experiments. 

The weight of the whole pendulum, wood and 
aU, was 56 lb. 3 oz. its centre of gravity was 52 
inches distant from its axis of suspension, and 200 
of'its small swings were performed in the time of 
253 seconcfs; whence its centre of oscilla.tion (de- , 
termiurd fi'om hence)' is 62';' inches distant from 
that axis. The centre of the piece of wood G KIH 

,is distant from the same axis 66 inches. 
In the compound ratio of 66 to 62;', and 66 to 

,52, take the cJllantity of' matter of the pendulum 
to a 4th quantity, which will he 4!2lb. -} oz. Now 
geometers will·know, that if the blow be struck in 
the centre of the piece of wood G K~H, the pen­
dulmn will resist to the stroke ill the'same man­
ner, as if this last quantity of ma~ter only (42 lb. 
~ oz.) was concentrated in that point-, and the 

rest 
• T' '. i~ the calie only \\'ll('n that lloint is the centre of os-

, ciliation ; 
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OF GUNNERY., 81 - , 
est of the pendulum was taken away; whence,' 

supposing the' weight of the bullet impinging in 
that point to be the nof a pound, or the'm of' 
this quantity of matter nearly, the velocity of the 
point ofoscillati~n after the stroke will, by the 
laws observed in the, cong,ress of such bodies as 
rebound not from each other,' be the m of the 
velocity, the bullet moved with 'before'the stroke; 
whence the velocity of this.point of oscillation af­
~er the stroke being ascertained, that ml,lltiplied by 
SOS will give the velocity with which the ball im-' 
pinged. ' 

But the velocity of the point of oscil1atio~ after 
the stroke is easily. deduced, from the chord of the 
arch, through which it ascends by the blow; for it 
is a well- known proposition, that all ,pendulous bo­
dies 'ascend to the same height by their vibratory 
motion, as they would do, if they were projected 

, dIrectly 
CiIlation ; a circumstance. forgotten to be' noticed when this tract 
was first printed in the year 174~, but which was ~entioned by 
the author, in the Philos. Transactions for the year followirl«, 
where the rule, is properly corrected, and where we are informed 
that the first example here given only requires to be corrected, 
as all the other examples in the 9th prop. following, were com­
Duted by the corrected rule. The necessary correction for the _ 
above rule, is to increase the velocity in the ratio of the distances 
of the centres of oscillation and percussion, below the axis of 
suspension. And that remark, had M. Euler observed it, might 
have spared him the trouble of many of his animadversions OD 
Mr. Robins's work. As to the rule, in an algebraical form, tlle 
easiest that I know. of, is that ,given in my volume or Tracts, 

Printed in 1786, p. 119, viz. y == GI4.5S g c X : ~~ for , , Irn 
the veloCity of 'the' ball in feet: wherp b denotes the weight of 
the ball, p the weight of the pendulnm, gthe distance to the 
centre of gravity, i the distance to the point of impact or point 
struck, C the chord of . the arch described by the .,enduhllD, to 
the radius or distance r, and n the number of small vibrations 
the pendulum makes in one minute or GO seconds; and where 
the values of the quantities c, g, i, r may be taken in anyone 
and the same measnre, either all inches, or all feet, &c.; also p 
and b in anyone meas.re, either pounds or, OUllcel, Ate. H. 

F4 



88 NEW PRINCIPLES 
directly upwards from their lowest poi~t, with the 

, same velocity they ha\'e in that point; wherefore, 
if the versed sine of the ascending arch be found, 
(which is easily detemlilled from the chord and 
radius being given) this versed sine is the perpen· 
dicular height, to which a body projected upwards 
with the velocity of the point of Qscillation would 

, arise; and, consequently, what that velocity is, can 
be easily computed by the common theory of fall-
illg bodies., , 

Fm instance, ,the chord of the arch, described 
by the ascent of the pendulum after the stroke· \ 
measured on the ribbon, has been sometimes 17,} 
inches; the distance of the ribbon ti'om the axis of 
8l1S1)ellSiou is 71~ inches; whence reducing 17.} ill 
the ratio of71~ to 66~ the resulting number, which 
is nt'arly 16 inches, will be the chord of the arch, 
through which the centre of the board G KI H 
ascended after the stroke: now the versed sine of 
an arch, whose chord is'16 inches, and its radius 
66, is 1,93939; and the velocity, which would 
carry a body to this height, or, which is the same 
thing, the velocity, which a body would acquil'e bv 
descending through this' space, is nearly that of 
• S} feet in 1 It. , 

To determine, ,.then, the vclocity, with which 
. the hullet impinged on the centre of the wood, 
when the chord of thc arch described by the ascent 
of the Jlendulum, in consequence of the blow, was 
]7;' inches measurcd on the ribbon, no more is 
neCC,'5Sal'Y, than to multiply S~ hy 505, and the re­
f;ulting number 16,ut will be the feet which the 
bullet woulc1,desuibe in I", if it moved with the 
velocity it haeI at the moment of its percussion; 
for the' "clocity Of the point of the pendulum. on 

which' 
r 

l!! Moreaccuratc]y 3,216. ... 

, t Or rather 16~4 = 3.216 X 505. But the true v(\]ocity, 
w"t'n comJll1trll by the corrN'. rl.le in the last note, comes out 

__ 1669 or D('ar 1700 feet. H. 
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which the bullet struck, we have just now deter-­
rilined.to be that of ~-.} feet in 1°; and we have be- ' 
fore she",n, that ~his is the m of the velocity of 
the bullet. If, then; a bullet weighing ~ of a 
pound strikes t.he pendulum in'the centre of the 
wood G KIH, and the ribbon' be drawn out 17} 
inches by the blow; the velocity of the. bullet is 
tha1s of 1641 feet in 1°. And since the lengt.h the 
ribbon is drawn, is always nearly the chord of the 
arch described hy the ascent, (it being placed so as 
to differ insensibly ·fi·om those chords which most 
fr.equently occur) and these chords are known to 
be in the proportion of the velocities of the pendu­
IUll'i acquired from the stroke, it follows that the 
proportion between the lengths of rib.bon drawn 
out at difierent· times, will be the same with that 
of the' velocities of the impinging bullets; and, r 

consequ!!ntly, by the proportion of 'these'lengths 
of ribbon to 1 n, the proportion of the velocity 
with which. the bullets impinge to the known ve­
locity of 1641 feet-in 1", will be determined. 

Hence, then, is sllewn, in general,' how the velo­
cities of .hullets of all kinds may be found out by 
nJeans of this instrument; but that those, 'who 
may be disposed to try these experiments,. may not 
have 'unforeseen di~culties, to struggle with, I 
shall here subjoin a few observationll, which it will 
he necessarv for them to atte.pd to, both to secure 
success to' their trials, and~afety to their persons •. 
. And first, that they may not conceive the.piece. 
of wood GKIll to be an unnecessary part of the 
machine, I must infortD.'them, that if a bullet im-' 
pelled by tJ. full charge of powder should strike di­
rectly on ~he iron, the bullet would be beaten into 
shivers by the stroke, and these shivers will re­
bound. back with snch violence, as, to bu~y them­
selves in any woo9 they chance to light on, as I 
have found by hazardous experience; and besides 
the danger, the pendulum will not in'this instance ' 

a.scetta.\.~ 
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ascertain the velocity of the bullet, because the 
velocity, with which' the parts of it rebound, is 
unknown. . 

The weight of the peadulum, and the thickness 
of the wood, mutt be ill some measure propor­
tioned to the sIze of the bullets which are used.-· 
A pendulum of the weight here described, will do 
very well fo\" aH bullets uncle}' three or thur ounces, 
if tll(~ thickness of the boam be increaKecl to 7 or'S 
inciu.'s tor the lleavit'lit bullets: beech is the 
tougl?est 'and propc):est ~ood t(lr th!s purpose. 

It IS hazal'doUl staJl(hR~ on' the s)(lc of the pen-
. oulum, unless the b(Ja,cI be, SO thick, that the 

greatest part ot"· the bullet's t()l:ct' is lost before iJ; 
comt's at the iron; for if it strikes tile iron with 
violence, the shivers of lead, which cannot return 
back th,'ollgh tbe woorl, ",ill three themselves out 
between the wood atld iron, and will fly to a COD­
siderable distance, 

As the),(, is ],10 efle'Ctual way offastt'ning toe wood 
to the il'Ol1 bl!t l>y S(TCWS. the h('ads of which must 
come tlll'o\ll!h the board; the bldlets will some­
times'lig-ht 0'0 those screws, from whence the abi­
'"Cr&' will clispel'He themsel\'t'H Oil evtry side. 

When in these eX)Jel1meDts so small a 'lualltity 
of powder is 8sed, 38 will Dot give to the hullet a 
velocity flfmore than 4'or500 feet in 1", the hollet 
will l1o"r stick in the wood, ,but will rrbc)und from 
it elltirc, and (if the. wood be of a veJ'y hard tex­
ture) widl a very considerable velocity. Indeed I 
hav(~ 11ever examincd allY' of the bullets, whit:h 
have thus rcbClunrled,. but I have found them in-

, dente~ by the bodiea, they have struck against iD 
, their J'ehound.'-

To avoid, tb(>n, these clangers, to the ,braving 
of which in philosophical researches no honour it 
annexed; it' will he convenient to fix whatsoever' 
barrel is used, 011 a strong heavy carriage, and to 
fire it with a little slo\v Dlatch. Let the barrel too 

, , 
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OF GUNNERY. > , • > 91 
be very well fortified in all its length; for' no barreL­
(I speak of musket-'barrels) forged with the usual , 
dimensions, will bear many of the experiments re .. 
cited hereafter without bursting, as I have found 
to my cost. The barrel, I have most relied on, 
and which I procured to be made on purpose, is 
nearly as thick at the muz~le as at the breech; >that 
is, it has in each place nearly the diameter of its 

> bore in thickness of metal. . 
\ 'The powder used in these experiments should be 

exactly weighed, and that no part of it be scat­
tered in the barre~ the piece'must be'charged with 
a ladle in' the same manner as is p;ractised with 
cannon, the \vad should be of to\Y. of the same 
:weight each time, and no more than is just neces­
sary to confine the powder i.n its proper place; the 
lerigth of.the cavity left behind the ball should be 
determined each time with exactness; for the in­
creasing or dimirtishing that space will vary the 
velocity of the 'shot, 'although the bullet and quan-. 
,tity of po\vder be not changed. The distance of 
the mouth' of the piece, from the pendulum ougbt 
,to be such, that the .impulse of the flame may not 
act on tne pendulum; this will be prevented in 'a ' 
common barrel charged with -:.- an ounce of pow­
der, , if it be at the distance of 16 or 113 feet; in 
larger charges the impulse is sensible farther o~; . 

-I have found it to extend to above 2S feet; how­
ever, between 25 and 18, feet is the distance I have 
usually chosen; other precautions, which arc ne­
cessary, will better find' their place in the account 
of the experiments I have made, to which I now ' 
hasten-, ' 

PROP. 
, , 

'11 Many improvemen.ts of the machinery, of this in~~nious 
way of discovering the v~locity of shot, may' be 8(.en in my 
Tracts, before-mentioned; where the method is extt'ndl'rl to the 

, practice with cannon balls of co~iderable size, and illustrated by 
very numerous and varied examples. H. , 
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PROP. IX . 

. To compare tile' actleal VeloCIties with which , 
. Bullets of dfflerent Kinds are disch,argedfrom 
their respective Pieces, with th,eir Velocitiel 
computedfl'om th~ Theory. 

How to determine the actual velocities with 
whic\l bullets are discharged, has been amply 
shewn in the last proposition; and ho'w to compute 
the 'velocity with which they would he discharged 
according to our theory, has been likewise fully 
explained in the sixth proposition;. we shall here 
then c;:ompare .the res1l1~ of our theory with expe­
rience, anp thence evince, how accurately that 

. theory a~ees with the real motiClns of bullets, 
, though founded on principles no ways connected 
with these experiments.' , 

The first experiments, I shall exhibit, were made 
,with a barrel of the same dimensions with the ex­
ample of the sixth proposition, the ball being -:- of 
an inch in diameter, the length 45 inches, and the 
cavity containing the powder ~i- inches, which, as 
the barrel exceeded the hullet in diameter by about 
the +~ of an inch, just contained 12d\v. of 
powder. .. 

The bullet thus made llse of was ~ of a pound, 
avoirdupois, in weight, and consequently tIie same 
with the e,xample of .the seventh proposition; but 
the board on the pendulum used here was 41b. 
lighter than what JS assigned in that example; 
from these circumstances, and the velocity -which 
by the theory the bullet ought to be discharged 
with, . there is known the chord of the arch mea­
sured on the ribbon, through which the penclulum 
should ascend after the stroke, if the theory be 
true:' hO\v near this agrees with our experiments, 
wilt appear by the following table: 

No . 

• 
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Quantity of Chord of its ascend- The same by Erri,r of tbe 

No. 
Powder. oing arch meaiured on the theory. theory. 

tile ri~D, 

»W. 

1 12 18,7' 19,0 ' +,3 
2, 12 ,,19,6,. 19,0 -,6 
:3 6 1~,'6 13,4 -,2 

, Th~ llext experinients were made, with the same . 
barre~ but the board on the {>Cndulum was now of 
little more ,veight than' that III the exciniple of the 
seventh proposition.' ' 

Length of th~ Quan~ily 
cavity con- of powder. 
tainiflg the • 
powder or 

line AFt in 
, li".1,.· 

No. Inchclo' : Dw. 
: 4 2,-'1< ~ 6', 
'3 2.f: 6 .. ·· 
6 ]1: 6 
7 1 T 6 
8 2 f I! 
'9 ':!l' f ~, '12 

'ID '2 !'f 12 

11'1 ': 2, :f'. 16S 
~ . Sl f ' 

13 '2 'f 6 
,14~: .. ~ [l,-t - , 12 

• ',. J.I ',I' •• 

Chord c! its The same by 
ucending the thell.,. , 
arch mea.' , 

lUred on the' -
ribbon. 

Inch. 
11,9 
12,2 
13,2 
13,9 
16,7 ' 
1'7,5 
-16,9 
17,0 
11,7 

,"11,1 ' 
16,7 

Inch. 

U, I 
:'12,1 " 

13.,6 
, '13,6 

17,2 
17,! 
i6,8 
'16 S" , , 
1 1,5' 
ll,5 
16,3, 

Error oftbe 
theory.' _ 

Inch. 

+,2, 
-,1 

-,.+,4 . 
-,S' 
+,5, 
~3 , 
-,1 
-;2 
-,! 
+,4 
.-,4, 

The' 'i~st'five numbers resulting fr~m tpe theory 
are corrected from the quantity of bullets l<;>dged ' 
in .... the board, which, as many·other exp~riments of 
a different kind were tried in the interval, amount-

,J 

ed at laSt to above two pounds; whence'the weight' -" 
of the ,pendulum being increased, its vibration 

,with the same 'blow must be proportionably dimi- -
nished.' , 

The 
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The next experiments were made with a barrel 

of the same bore' with the last",but only' 12,375 
inches in length: to distinguish them, we shall 
for the fu ture denominate the first J>arrel by the 
letter A, and this short one by C. ,The bOard on 

, the pendulum ~as at first rath~r .lighter ~ha~ in the, 
example of the sev~th proposition. : 

Extent of Quantity Chord of The same : ErrOr 
the cavity of the ascend- by the of the . 
containing powder. ing arch theory. . theory.' 
the pow- meaaured 

der. on the 
ribbon. 

No. Bar. Inch. Dw. Inch. Inell. 
15 C 2 + 12. i!,7 1!,8, . +,1 

. 16 C 2 + 12 12,6, J2~8 +,2 
17 C '2+ . 12 12,4 12,8 +,4 
18 ' A 2 + ' 12 17,0 17,3 +,1 
19 A- 2 s ' . 19. 17,2 17,2 ,0 T' 

!O. A 2,+ . 12 17,1 17,2 +,1 
t1' A if: 12 17,~ , 17,2. . ,0 
22 A . 2 S'" \ 6 ~!,4 12,2: -,2 

, ~': 
• . , "1: , 

, \ In . some Df the follo\ying experiments a third 
barrel was used of the"'same bore with :~he otller 
two, ,'~ut 24,312 inches in: length: this, baitel I 
denommate B; the board fixed on the pendulum 
was at first but little heavier than that in 'the se-. 
venth proposition; , and when in the course of the 
expenmeQ.t-s it is'sensiby increased in'the'weight, 
I diminish ~he numbers ari~ing from the th~o~ by 
a cO!1"esp~>nding part. " . , .. ,',. \. 

, '." . No. 

. , .. \ 

.'1, • : 

" .. 
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Este6t of Quantity Chord of The same Error 
the~v?ty of the ascend- by the of the 

, contalDlDg powder. ing arch theory. theory. 
tile measured 

powder. on the 
ribbon. 

No. Bar. Inch. Dw. lach. Incb. Toch; , 

£~ A 2 1- 12 17,1 17,2 +,,1 
24 A 2-1- 9 15,2 1.$,0 - ',2'· 
~5 A 2 1- 9 15," 15,0 - ,4 
26 C 2 f 12 ll,5 19~8 + 1,3 
27 C 2 {- 12 11~5 ,12,8 + 1,3 
28 C 2f 6' 8,.7 9,. + ,3 
i9 C 2 f 12 12,3 . 1~,5 + ',2 
30 B '2 + 12 14.4 14,4 0,0 
31 B 2 f a 14,4 14,4 0,0 
52. B ! f 6 10,3, 10,5 + ,g 
S3 A 1 .} 8 14,7 14,5- - ',2 
34 A 4 12 15,7 15,~ - .,~, 

, The error in the 26 and 27th experiments being' 
much greater than what has occurred to me in any 
?ther trial~, I suspect, th~t some mistake was mad~ , 
In t~e welgh~ of the powd~r, or t~rat the barrel 
(which had. mdeed lam by In a mOIst place) was 
v.e'ry damp'; '\Vhi~h ci)'cu'm~ta!l<:e, I know. by expe- ' 
nence, WIll considerably dnmmsh the actlOn of the 
powder. ' ' , 

The following experiments were made with, a 
·pendulum much heavier,. it weighing in the whc;>le 
97Ib. its centre of gravity was 55,625 inches distant 
from its axis of suspension, and 200 of its small 
swings were performed in the space of 255;o}, 
whence its centre ,of oscillation is 63,9 inches dis­
ta.nt from the axjs of suspension. Also sometimes 

. another barrel was used 7,06 inches in length, and 
,8S in diameter; its ball. was e~actly fitted to the 
bore without any wind age, so that it went in with 
difficulty; the weight of this ball was 3s.j. dw.­
This barrel we shall denominate·D. 
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Length of Quantity Chord 01 The same Error 
the cavity of ' the ascend- hy the of the' 
containing pow'der, illg ;uTh theory. theory. 

the mt'l\MlI'cd 
powder, . 011 

ribbon. 

No. Inch, Dw, Iuch, Inch, Inch, 
SS ! 12 9,2 
S6 2 -} 12 9,5 \ 9,2 -,3 
37 5 .;. 24 ' 1.1,7 1 S -,4 
S8 7 36 13, I ,8' 
59 2 -} 12 9,3 -,2 
40 1 1 8 7,6 +,5 .. '1 .2 1 6, 

" 42 2 1 ·6, ,I 
43 2 ! 12 8,0 8,2 +1 2 T 
44 2 -} 8, 2 1 
45 '2 1 '[),5 
4.6 2 t 12 .. ' 9,1. . 9, 1 . , , . ,0 

, 47 2 t 6 7,2 6,5 " -,7 
48 2 6, 6,5, . 
49 2 f 1 , 6, ,.6, , 
5.0 2 t 12 7,5 6,7 -,8 
51 2 4, 
52 .2 t 5,0 
53 2 T 1~ 7,0 7,2 +:,i 
54 2 f 12 7,1 6,8 -,3 
55 2 4, 
56 !. f 4,8 ,4,8 ,0 
57 2~'W' ,6 6,4' 6,5 +,1 
58 2TT 6,4 6,5 
59 2nr 6,6 6,5 
60 A 2n- 6 6,7 6,5 -,2 
61 A 2n- 12 9,0 9,1 + 1 

'T'be 
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. The' error in the '"Oth experiment, the greate~t· 

in this set, was doubtless owing to the wind; f9r 
the 49, which wa~ made immediately, :before .it ·in 
tl~e same manner, and with the same ·quantity of 
powder, differs but little from the ·~eol'Y. 'fhft 
excess. of. the 38th experiment above the theory, 
was .in part occasioned. by the hnpulse.of ~hc flame .. 
on the pendulum, which in this large quantity o( 
powder :was plainly to -be· discefP.~d ... ", .. : 

This th~OI'Y is tarther confii'med tQ!l,' by experi­
ments made an the· aotion 61' VC1Y, small qua~titi~!f, 
of powder." ,We have'llithertosu'ppo~~~ ~he PQW­

" der when fired to be equally hot .wl~h· 11'011 at.~ 
beginning Qf its white h~at;: blit:we have obsel:V~J 

. that in very small qu.antities o( p.owder. the h~'-t;Jir 
probably less than tb.is, and consequently the·ela,.· 
ticity iri those: casts .less' than what arises from this 
sup-p.osition .. '. N ow thi~ decre~~ .,.of elas~icity in' 
small qup,llt1tfes Qf,poWger, we ll:4N'e fgund.py .m~y 
trials actually to tJlke place; for 'instance; in: ther 

. example oft~e 7th.proposition, the vel~c!ty, which. 
should be given to the ball by the actIo.n of, ~he 
powder according to the th~ory~. is jn ·roupd n-qm­
bers that of 1670 feet in 1", .aq,q thl~ sel~city. we 
hav.e. f(}und: in the p.tec~fiin~ eX~fiJlle~t~ to·be the· 
medijJm velocity, which the ball rea1l3 .receives.in. ' 
those; circumstances ... ~fQow~ tl)e ban-el and posi-. 

. !ion of .the ballremailling the sa~,: the~ be plac~d ., 
In the same space DEQC contmumg'llkewlsc .th6 
same ldw. 'of powder instead of 12,. which ,is the 
'quantity st1ppqsed in that example; it follows frpm 
t~e principles ther.e·lai.d:down, that if. t~e elasti:­
city of the small,r charge be th~!s~e In propor).· 
tion to ~ts quantity with that of the larger, then 

• the velocity of the bullet, when itXlpelled by tb,e 
explqsion ·of the ~maller charge, will be t9- the ve., 
locity of.a bullet impelled by the greater charge,' 
in the sllbduplicate ratio. of the quantjties of the 
respecti.ve charges; ,th;l.t· is, in th~ subduplicate l'a-: 

G \\.() 
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fain the, fr1:l6and :geuuinc determination of the 
force and. maoner.of acting. of tired gunl,()\}~clcr" 
~~Tbia.theoq, asJmre.eltabiislled, supposes,. that ini 
the firing of gunpowder about )·o-.of its sulis tance is: 
conve5ted by the sudden. inflammation into a pcr­
manent e1a.s"tic fluid,-whost<!liilldcity, in proportion 
to its heat and density, is the same with that of 
C@~It: am.in ~tiI(~ j~·'citc.nmltta;lGe8; :it, f.1rther 
supposes; thit all- tite.force exerted by gunpowder, 
i~its most ,jolent operation.s,:.is. no. more than the 
.actio~.of the elasticity of the :tIMid th",s generated; 
~;these. '~'mcjplcs t'IJ~bl(~; ti.~, ali'1ve :ha ve: ~{'flU, tJ&. 
dEtermine" tht.'velaeitic8!()f ,bullt~ts inlpe;Ued. from', 
fiU,.arms of'an'kinHs, and.are!'.fuUy I!u"fl¥dent.;;i'ur • 
aD. pnrpo"Ses, whcre the fOl'cc: of gunpo\Vdi!r.i~ to, be 
estimated.: :\:Yl;mtlter this flui~ .'be'trlle anQ,gcrci.liuc. 
a;it;:'1Jf, a.other! smostanec, ,,'e~ shaU. not ·c1taclJSs. jn: 
th*pr..e;qg~it:~m:nn. ~tlquirY';lio·.'wa.ys: ("'mmf'cted 
with)theid~n:of.this.~treat~;·;; ';, : .,.;,., .. :, 
,,{illOm this theoiy. m;any. .drd~ctions; may!be made. 

of! ~t!lilr· g~oaDseq.uc·llCCl.to tht. P1¥l"Cti(lal· par.t of. 
GUliheryt., ' Fmm, henm the thi.ckneSll Gt'~ ~ .piece, 
wbidh :wUl;enabie it·to~clm6rtfi"vitbotlt. bUI1!ltiug an¥'. 
gi$eutobal'ge of pD\rllcr, 'is t"'dS~~y ,determilibd; sinc(~ 
the effoFt ofithe.:pb.wdc,r ·ia'.knowll. .:Fn>\\\ hQnce 
~ippears the .ilidoncln'livencss of ,,, )jat· some. !mOd~Al­
authors have sdl'DIlc08" ~ela~n~ tG> the: adV~lltag$ , 
of partiCular·fomistfor'the-cHib.~'bel's 0$ Ill~l'Yn' and­
cannon"; fol';J'llrt116ir llibou.~oo; specUlil:t;PD3 oft·Ulis· 
haaa'al'c evidently founQed!on 'relY el·rone.QU~;()pi~ 
rJioris abont the action of fired PQw.der; ' . .F.rQIil, this 
thccDl~~' too, -,wc·.hre. ta'llght. die: ne,cessj~y Qi'leaving 
the snnre. spa:ce·beliiild the bullcn;:,w}wn we would 
l»y the same. quantity of po,vdt'x .(:olJllllunicAte .. the 
same v.eloci1;v;to .. the bullet ;:since on' our prhlc.iplelJ 
it ~tnllouTs~. t.IHit· tbe same' po:\v,drr has a grrate.r. or 
less'degree of-eiusticity, according to the di:fli-rent 
spa.ceS" it occupies. The "method, which' I have 
always. practised for this', purpose, has been by 

-:'. . ..' ~arking 
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marking; the rammer·;· and this is':a iri~xim,· W11ic~ 
ought not-to.be dispensed with,.. :w.heD cannon are 
tired .. at' l!n 'elenltionl' p.&l'tioularly itt"those.called b,... 
the French· Batteries-o 'rioochet.· 1 '.' •• :'.. .: ~ '7: 

.. Fl:om die cont\nt1.cii action of the.ipowder; and: 
its mann-er of'expanding 'described ill tllis theory.,: 
and ,the ~Dgth and weight of the piece; ,one of .the 
most essential circu~stanceSl ill the· well-directing 
of artilleiy may be easily. ascel'tain·ed~;.:·..t\.ll P1jlC­

titioners are agreed, that·no shQt E;an :bedepended 
on, 'Unless the piece be placed' on a selia. pla.tform;; 
for if the· platform shakes with the tiat~impu~ of 

. the ·powder., it is impossible ·buJ::.-t:Ptr·pi~e must 
likewise sha,ke, which ·wiiI alter.ita direction,aI\d 
J'ender'its shot>. uncertain.· 1'0-. pre\"ent ; thi&aec;i:­
dent, the platfbrm is .usually ma~e extremely firm. 
toa :considerable depth bacJcwatd~;: sO; that the 
piece is not only well supp6rted. in tAct"'Mginni~1 
of its m.otion, but likewise through ,a great part' of 
its' recoil. Howevet,- it is'sufficiently obvious, that 
'Vhen the bullet is ~eparat.ed fro~ .t~~ .pi~ce, it c,a.J? 
.~e no l?~ger'affected by t.he treII.lbhI!$',~f.the.pie~e. 
or platform; and by a very easy comp:utatloIi It wlll 
be tound, that in a piece 10 teet in len~h, ·cal,.y­
iog a hullet of 241b. and Chal!ge~:..~~~l J{ilb •. of ' 
pow.der, the bulle.t will be. out of: AA ~~~e, ~f0f!! 
the piece' has recoiled ~ ,~n.inc~·L;w~n~e, ',if t~e 
platiOl"Ul.pe sufficielltJy solid :.at·,the. ~ginningof 
the recoil, the rcm.a\D,illg part Qf 'it may he1 much 
slighter; sinc~ its, u n.steadilless! heyo¥d. t~e. 41'st ~ 
inch will ha~~ ~w ~ntl~"w~ ()11 d!B 4irect~0I}, Qf ~~ 
shot. .AJld: ,h.,e iai m~f.~ ;~!-l;l1}p61l4i~!ls. .~€thod qf 

. const1\\(ltiJlg pJ.a~(qll~s.~~y .. ~ foynd; P.l.\t. .;. . ., 
: F r~ Jihj~ i ~h~'WY~jt!;~l~o . ,¥-p,pe~~, ',.)¥l!-Y .grFiltly 

: t1fOft~ lI!\\thpr~ ,\l:wV'1 ~(3n. mi~~en" :w;h{}rhave ,~~ 
buted 1the, f~fC~; Qf g ... jpQ'r(~r, .. Of at:- J~~.,a. ~pps~ 
derable. part of ~t, ~ t~tl~ ~lqn,9f~tl]~ ~Hf ·f~mal.nW­

. Qtl1~l,i"·tltQ POJW~~,r ~or. 8at~v.~p *.~i~t~;yC\l~ pt tile 
~f~;.;:f,,::_bey~~:ha:ve, sllPpQ.seA·i{ttlJR¥~i(iwI~1r 
;!! . G 3 tinctIy 

'. ....... 
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tinctly eno\J~h) that air to f'xist in its natural elas-{ 
tic state, and to· receive all its addition· of forco 
nom the heat of. 'the explo&ion. But, from what 
we have experimented in toe fifih proposition, re., 
le.ting to the inc·l'case of' the elasticity of the air by ; 
~·tat, .we may conclude, tha.t the hf'at of'the ex .. 
plosion cannot augment the eJa.sticity, of the ah' to 
Ave·times its·common quantity; consequently, dle. 
mice arising from this cause on Iv cannot am.ount 
to more than the S~Oth part of the real farce ex-
erted on this occasion., : 

. Having thus dispatched the general confirmation 
~f·our theory~ we shall proceecl to the examination' 
tJf some other particulars relating to tHis subject; 
which, ,though easily enough flowing from tbe 
principles already laid down, do yet, fr<Jrn the nO­
velty and singularity of the matter, merit a cir-
cumstantial discussion. ' 

PROP, x. 
. ' ro. 'as!i,. :~"e CIlanges in ,tile Force, qf POi!-;det, 

w}m:J, ar~8e from tile dijfe1'ent ~tate (if the 
Atmo,pher.e. . : 

IN all the:~periments I llave hitherto:~xaminH, 
l have never been able to discov-er, that· the varia­
tion of the densilI of the atmosphere dicl any way 
alter the action of powder, although I llave marle 
several huntii'efl shot- in very different seasous: in 
particular,· I have sometiines . compared the tri~lo; 
rnarle at noob; . in the hottest-· summer s\IDj with 
those'made in the freshness of die morning and 
e,vening, ·a'ltd I ·could not t>erceive·any· ceI1ain dif:' 
ferehee tie'tw~n them, a1td·it 'was l the· same with 
~ tTiaJs made'lft the night and in wi{lt~r'; although 
in'this variety 'of 'seaSODS, tlI1Je de~lsity· 0': the at-· 
tl,'I'(!sphere'must bive' bl"'eO·"Ybry difterent'::::ipdeed,'8& 
"'~ ·ha\fe ~~ that ,the 'SaWle'(lUanrity gf tkat.fluid, 

-m.' 'Wbieh'lfbe tbr<:e of pO\vdt-t"'OOn~fiIs, .. igeilCnted . , . P1 
4 
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:in ~ .'vacuum, and ill common air, it is 'difi.kult to' 
t cooceh'e how thjs force call be a#a't6tl Ly the' 

greater or lesser den.,ity of the atmrn>J)ltere. , _ 
• But though· the density Qf· the ~tlnosphere: h~s 

no influence. 011 the force of powder,. yet it!! moi~ 
'~uFe ,has a ,great' one; for the S;llue quantity' of . 
powder, which 'in a dry season WQuld communjcat.e 
to a bullet a velocity .of' 1100 f ... et'in 1 u, \VjU 110t jQ, 
..-lamp 'weather cOllununicaie . to the same -bullet, 
placed in the same manner, a "elocity of morf'. 
perhaps, than' 1 e 'or 1300: feet in l", or still less, if 
the po~der be of a. had sort, and has' been negli- . 
·gently,kept. 'And this decrease of the force in . 
daJIlp powde.r appears by my· experiments to be 
very unsteady and variable; 'so that e shot ,mad, 
with eqUai.qtiantities of such powder, ta~en'Qut of· 
the saIDe 'parcel, 'will differ cOQsid~rably £1'0111 each 
otller, perhaps ten times mOl-'C ,thall if the ppwder 
was in good order; and as far as this uncertaiuty 
in itsefiects will permit me, I seem to collect; that 
p. small charge loses a greater .. part of its force than 
a larger, provided ,each are equally damp. Ano,. 
ther cil'cumstance attending damp. powder, is a 
J'cmarkablc foulness in the .piece after firing, much 
beyond what al'i~e8 from an equal qu.alltityof dry 
~~~ .. ' 

'. Now all .these dfects afC easily to be .ac~o.untec:l 
for; w.hen it is .k.nown, that powder will imb.be 
moiswre from the air; for as a certain (IUalUit, of 
wlJtef,mixed with powder will. prevent its firing at ., 
all, it· follows, . that evcry degrte of nloioiture ift 
pm.vuer, thou.gh insufficient to produce this effect~ • 
will ~et 'abate the, yiolen~e of its, expl()sion, and 
wia,.eQdC'nql)~·fir~.tl)ereby produced less \'chement 
than it would otherwise'·be; whence a less·qUan­
tilw,af Bui(j, win:he in, this -ease gJ!ilel·atadJ'! and: the 
lIfa"io.f~at fllli4 a~ jtB.'elafJ-tiQity; i/;\ ·lik~Wise leSs':; 
J!OJl:luqmrlllltl)'l tJJ~ actiw ._ damp l)Pivdel' .1l1u~k BD 
- ,'.i' ". ,,,: 1'" " .•• ,f':! 4,· ','.:<,1, ',,}"1 ,. , ... 1.!.. •••• -" ••••.. , ... , h" ."',' .=v- "" , ,",., ~ ~ 

jJ :~i\'i ' 
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this ·two-;fold account, he diminished aecording t& 
the degree of moisture witH which it is.impregnat'ed~ 

And as bad. powder usually contains some cOIn .. 
mon salt ·in it, ·by reason of the little care taken in 
the refining ot' the nitre, and as common salt·im­
bibes moisture in a stronger degree than nitre,; i~ 
is not difficult to conceive, how bad powder should 

'in a moist season be more impregnated with mois­
ture thall good,' and should consequently lose 
niore of its force. 
. The uncerta(nty in th~ effects· of damp powder 
arises, I presume, from the different d,grees' of 
dryness it acquires in the piece; .for as, after·the 
fir~t or second firing, the barrel grows warm, if the 
powder is contained any time in it,' some part of 
1.ts'"m'listure will be thereby evaporated'; and as the 
heat of the barrel, and the time of the charge con­
tinuing in it, are circumstances, which in their·na­
ture are. very uncertain, it is not to be wondered 
at, that the evaporation, and 'consequently the ,aa~ 
tioti of the powder, is likewise unoertli.in •. I. must 
remark, on .this head, that, in the driest seasons, I 
have found th, coldness of the barrel, and perhapH 
some little moisture· condensed in its cavity, to 
h.ave 'Sel1sibly' dimipished the-force of the po~vdel" 
in the ~rst shot.· . \ 

That. ·small quantities of powder shoulcl have 
. t~eir action more diminished than larger quantities 

. WIth ',the same degree of moisture, naturally follows 
from, the smallel'· drgree of heat, with which (as 
we have observed· above) the explosion of small 
charges is attended; since the same proportion.of 
moisture. must' of necessity clog a weak fire JIlore 
.effectually, than it -can. do one which is· more 
viol~Jlt. . .'. '. . 
: The remarkable foulness of the piece, ·£tom the 
til'ing of da.mp powder, which we have. mentiollai 
ahovej. 'must likt:wise aiise from the d.i*'~tion:of 
. tab activity of the fire; in the explosioI\. For. 

l l' wbell .' .. 
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"'ben powder is !Of a proper temperature to fire 
reaelily and 'violently, the greatest part of its sub-. 
stance ou'ght to. be consumed' to ashes, which wiD 

, then be discernible in the form of a greyish su b~ 
stance on aU,bodies placed near., the mouth, of;tbe 
pie~e; 'and the foulness of tile piece is owing tt) 
those parts of the powder, which, either by their' 
conti guiiy to 'the cold barre~ or their ,less -inflam­
mable compc:>Sition, are but' imperfectty burnt;, 
now since moist· powder produces, a less' violent 
fiame, in ,proportion to the moisture it imbibed; it ' 
must follow, that a smaUerpart 'of tbep.D'\vder-will 
in this . caSe, be pelfec~ly consumed," and conse" 
quently'a greater part will re~ain to.,oontribut~ to 
the foulness of the barrel.' '" .. . ',:, 

SCllOLIUl\I. , I 

.. 
We' ha,"e, asserted: as the basis of our reasoning' 

in this, proposition, that powder will imbibe mois.;. 
ture f.rom the air in a humid state of the .. atmos· 
phere; but it remains to assign the quantity it can 
thus: imbibe, which we shall here endeavour to do 
from our own experiments. . -

It. parcel of very' good pmvder being plac~d On a 
white paper, which was pierced with a great nUm­
ber of fine holes, and the paper being held over 
the steam of hot water, I found, that in. half a mi­
nute'the powder ,vas increased in weight by about 
~~~ ., 

'" Tryiug another parcel in ,the same,nlamlf)"; 'but, 
continui~g it longer in .the steam, I foundtbat the 
:p,0wder increased its weight by rt part;, but in ' 
this case' some of the' grains adhered together iQ 
&maU lumps,- al~hough the figure of tlle, grains 
themselv~s was' no ways'changoo1 __ . 'I '.' ~ 

:' To convince ~myself that the moisture: of the at .. ' 
mosphere ,would· likewise~'~ncrease.1he"weight, of 
Powder, 1 tuok ",bout" ~ ounce. of po\vder, which 

, ' h~~ 

, , 
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had fnr some time. been kept ill a room, which hfuJ 
a-fire in it e\·ery day, aml I found, by drying it 
before the fh'e, that it lost ahove,n of i~1S weight ;-. 

.. Oile third of which decrease .in weight it had again 
·acquired in less than t\\'"o houJ's"'by being removed 
to a different part of the room, ait a. distance from 
~~m . . 
. Now as the \veather is often .inuch moistc~r than 
when I ~ried 'this experiment, and as iD open air 
this. moistul'e abound. much nlOl'e Ulan in a room 
whch-e there is a. fire, it cannot be douhted, .. but 
that sometimes the twentieth or thirtieth part'of . 

_ the.substance of the best powder il water, ,,"hicb 
may 'be easily supposed to produce all the etfect~, 
we have observed a~d described,n this.pl'op~.itioD. 

But, however, the moisture thl1s imbibed by 
powder from the air rioes. not. as I have yet ob­
sen'ed, render it less active, when it is dried again. 
The reader must ha,·c olJscn'crl, ill dIe. experil1lents 
of the la.st proposi tion, how nearly those made witb 
the same quantities of powder, and in the same 
circumstances, agree with each othet'. In these 
experiments, though made at different times in the 
course of three. summer months, the dryness of the 
season pre,'entecl all the inequalities of this propo­
sition. But trying the samc powder ill the winter, 
i.n a very damp 'season, I founel, that though. if· it· 
was used as in the summer, in hs natural state;. 
without any drying, its efiects were \'ery irregwlar.,· . 
and much short of those eXJ>('riments; yet if each . 
(:harge was well dried, just before it was -used, no 
diminution of its • force could then be. percci\"e~ 
nor did it appear. to _ act hI,. auy manner different 
·from what it had done in the p'receding summer. 
I ndeed if the powdcr· be exposed to ·t~~el greatrst 
damps without any cautimt,,:ol': if: common :sa1t 
abounds in' it, the .. moistitre:it imbibes·.--may,("·per­
haps, be, 'Sufficient. ta;;c:liBsolve:same._ par.t of- the 
nitre; which ~ .a. lasting damagf~ ~ 11);' tlr.yinC 

can 
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can %etriev.e.: .. Dut. when tolei'able care· is taken-in 
preserving powder, and~11e nitre it is compo~ed ?f 
has bee.n well purged from .common salt, .It WIll" 
retain' its force much longer than is usually sup-' . 
posed.: ( I have heard: tbat powder which ha4 ~een 
lVfoll kept, .did' not 'at the end of fit·i;y years appear . 
to be any ways illjured;by its age ... 
. Some care is necessary iu the, drying' of damp 
powder; for there is a degl'ee of heat, whi~h though 
not sufficient to fire the powder, will yet melt the 
·brimstone. and destroy the texture' of the grains.­
Nay more, there· is a heat, with which the brim­
stone will flame' and ·burn aw'lly gradually, and yet 
the powder will not explode; of this· any o~e may 
satisfy himself by heating a.pie~e of iron red-hot:; 
and then·throwing a few grains of powder on it at 
different intervals, .. during the time of its cooling; 

.- for by this means he will find, that at a certain time 
the separate grains, that faU' on the iron, will not 
explode, ·but will burn with' a small blue f}am~ for 
some space of time, the'grain stilL remaining un­
consumed. indeed, when.it.has.begu.n to bul'Jl in 
this manner, it sometimes ends withexplodiug, but 
this more commonly happens when a number of 
'grains 'lie near .together; to.' then, though each se­
parate flame'is not sufficient to explode its respec. 
tive grain, yet the whole fire, made by them alto~ 
gether, grows strong el~ough at last to end in a 
general explosion; however, by attending to. the 
proper t~mperature of the 'iron, and spreading the 

,graIns, I, have often covered. two o~ three square 
"lnches wlt;h a blue lambent flame, \VhlCh has lasted 
.a considerable time . without. any' explosion ; and 
examilring the grains afterwards, I could not pel'· . 
ceive that they had Jp~t ei·ther their colour 0.1' their 
shape ...... Now· since -dlese. grains, ~l1en the brim ... '. 
··stone is tims bumt; .. or: "even melted' out of thC1U, . 
wiil DO lOnger :&at as· powder; it is evident, that 
• '.. . .'.: : . . 1. . . powder 

'. 
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p,o\vd'er may be spoiled by being ~dried with ~oo 
violent a heat. ' , " .,.' .. ,. I ,; ) .'" 

From tht> great difference in the; eifccts of moist 
and dry powder established. :in, tihis proposition,. it 
appears how very ,uncertain and irJ."egulaf all tho8~ 
practical oper~tiolls of Gunnery Dlay pro:v~, where 
this circumstance is lIot attended to; and how little 

, (!onfidence 'can be pla-ced in any' experiments, w·}rere 
this cause of inequality could illterfere~ , , '. ~ 

Before I leave, this article, I must meution \ i. 
sllspicion, t once entertained ,about, this )Jlo.tteJ.:~-;' 
As water, . when rarefied into vapour, is .genenlly 
suppo.'Jed to be near ten times more elastic than air 
equally heated, I imagined, that possibly the,mois~ 
ture imbibed by power might, in eel'tain,cases, be 
so proportioned to the quantity ·of powder" that it 
might be converted into vapour by. the explosion; 
and that therehy the force of the powder might. be 
more in{')'e3seo by the addition of this '·ery clastie 
vapour, than it was diminished :by the dan1ping of' 
its flame. And I was the more induct'd to believe 
that this did sometimes happeu, f~'oill the experi. 
ments of a. late author, who teUs us that the ranges 
of the sam'e shot, fired from the same mOltar~ with ' 
equal charges of' powtler, wel'e much greater in the 
freshness of the morliing, than.in th~ heat of the 
. day. For I was well satisfied, that the mer-e den-
sity of the air (to which he seems to impute this 
variety) could not produce such difle~t:nt efteets. 
Howe,·cr, upon a more accurate C'xamination, I 
cannot finel that any degt~c of moisture does at 
any time augme~t the foroe of powdcq for, in' . all 
the numerous trials I have made, I never :nbserved ' 
that force sensibly to exceed, itS' ,mean 'qual'ltitY', 
except in two. experiments j: and e,:en ;thost', ex­
cesses, ,I had :goocL .reawn tD belieye, .. l¥ere occa­
~ioned '. bv some d180rdt>rdpdhe'mat:hinc," liO\v ... 
.eve 1', if the elasticity, of waterY lV.a,pOu~ ,be tlSI gieat 
p,K it is usually esteemed, :(a point far f1'ol11 beinR 

as('crtainetJ 
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~certaibed~ at present) it is -not impossib!~, but 
s~mething of tliis kind ,may take place in,the firmg 
of large,qllantittes of'PQwder. ' ' . , ' 

.. t ~ .• -.. , ,PROP. XI . 

To:·in.;,e'stiglite 'the P~/oi:itJJ 'Which ilze Flame of 
.:~' q.;:"'ijJ~'jJ)der l!~fJub'e~~ ,Qy e.tp'anain.,g, :i,tsey~ 8Up-' 

,(.:.1!~~i.rrg ,i~ h~, fired, .'~1! ',~ gi1}e'!'lJ(zece of Art i 1-
~' lery'~ -,wit~(J~t. :e.~t~e'1· 'I!-,' Bullet ~t· an!! ~t"er 

r·r'Bo.if!r~,ejf!t;e it< .. .. ,: .. ' "L " ,', . , : ' 

, ,; tb~ .~hQi~· 8~bst~n(!e, '~f: the pow'dftr:, was ~on.; 
vel'ted into' an elas-tic ,fluid at the instant of' the 
expl08ion: then; from tbo 'known .elasticity of thiS' 
fhlid!aMfgbed"by our- tbeo'r.y, and its :knoWR den­
sity, ,!~~t:filiIktd easily, determine th~ ¥elooity .with 
which It \Voo1(l begin.. ·to' expalld, and could thence, 
trace but.·: its ,fubIre:augmentations in' its' progress 
through tlle'ba-rrel i but'as- we' have:shewn th~t the 
~lastie;fluid,:,jn whlch,the activity.ofthe g~npow­
der.:'c~nsistl;!·i8 'only'~, gf .. th'e substance ,of the 
powder;: the remaini ng' -/;.- \vill in the eJiplosion' be 
lluxed :w:~h iile ctla~ic ~part, ,anti will by: its:wcight 
retard.tbe:activity of the:explosioD;, and 'yet.th~y 
will ,not; be :ro .cOln'plttWly: united tiEr ~"'l1'J(jte with 
we: commoo. motiun, .t.tit: the l!nelastk port will be _ 
IctBS accelerated, than the r~st;, and some of, it ' will 
Db! ev~n be -qai'1ied '01)t, of. the ban-el,' ~'appeats by 
th:e E;oui{l~ahlc ,)u8!Rtity, i:Jf unctuC\l1S 'matt{.\f which 
ad'hfreS i to,-dIe Inside 'f1f all fi .. e-annsj after th(~y 

'have heen used. :' ;, :,"'. I" 

, , .. c}~hese.: in~ualities hi ·the: 'expansh-e motion of 
,.theflame eb1ige ·us to',l'eCur to' experiments far its 
accurate determination . .' "i • ,'d " ' , 

, " The'exper.iments, made :use of for this' purpose, 
were cif two.'kinds: the first .was ma.fl~'by charging 
the bah-d, A with 12dw. of powder, and a'small 
wad of 'tow only; and then plaCing its mouth 19 
inches from .the centre o( the pendulum, mentioned 

\~ 
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in the seventh -proposition; on tiring it in thi&· situ. 
ation, ·the impulse of the tla.ll1e on the pcndul~m 
made it ascend through . .an '~rdl,-wh08e:chor.d wds . 
13,7 inches; wheIlce, if the whole substance of the 
powder was sllpposdd to stiike against the pendu­
lum, and .~cll part to.stlike with the same velo-· 
city, that .coimnou· velo.<:itf 1l1ust ha.ve be~~ ·ai ~lie 
'rate ofaboqt i6so reet "in I", Tllis, then,· is' the 
l~ast ve~oc~~y,.·whic~ ~h~'po,vder ~oul~l ~ suppo.sed 
to acquire m Its expansion; for If we .s~pose tlle 
eJastic part to acquire a greatel: 'vel'o"Ci'ty "in e~ 
pandiagt than the other gross. v8p9ut,. (wbicb it 
undoubtedly does) this common· \!elocity here: as .. 
signed must be auglneuted tor tlle elHolltic fluid, . .3.pd 
diminished :for the, grosser substance. of: the.po~ .. 
der. As aOlllc part-pfthe .v.elocity of,the flame .was 
lost ill·passing .J;hrough 19 illc'les of. air, ;1 ,made 
the I'en\aiwng .experilTICllt8 on this .subject in • 
manner llQt liabJe. to that·inconvenieace; .: . 

I fi¥.ed the lutrl'e}-A on the velldulum~ 'so -that its 
axis' might be .both 11o.riwJrltal and ~1.o·p«pendi.4 
eular ·to.;.~h.e plau«: IlK;. or, which iaitbe same 
thing,. that it might be in.the plane of ,the.~ndu~ 

. lum's vibration;: the height' ot', the: axis. Df the piece 
above the centre of .the ~J,ulolU;Dl w.as si:x.·hiches; 
and, the .wei~ht"of the. piLU, ,and. ot' the iron that 
fastened it,·. ~·c. 'Was I·Ub . .j..:·, T,he bar.r.e1 in this--.ai .. 
tuation l.eingchargtd·~vhll .Hh.hv"ofpowd6r~ wi.~ 
out ;eitber ba.IL .01' wad, ~th€ ;j»wder. ouly.:p\dl. t6lge-. 
t-hc.r. witU th~ :1'ammer; ~Ii tJile ·discharge the pfor. 
t1ulum ascended through an arcb,,·w.hase, chord 
was 10 illChel';' Q.r. ·redu.t.e<t:tQ an .eq,u1Ma.lent blow 
in the ce»tJ~: Pi: the pelld~lum, supposing the· bar-
rel away, it would be 14,4 inches nfm'l)t. '. T. '. 

, The 8am~ f:(periment J'epea.ted!.aga.ip,' tl](:dlord' 
of the ascending. arch was ID, I mches, wInch re~ 
duced to the centre, is 14,6 inches. p 

. To detcl'uline what·ditlcl'ellce of velocity there 
was iu the c-liflhcllt parts of the .vapo.ur, .lloaded 

. . the. 
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the' pie~e a.gain 'with 1 sadw. of powae~ and rammed 
it 'down' with a ,vad of tow weighinglJdw. Now I 
conceived, that tbis wad, being v.ellY light. ',,"Gold 
presen.tl~ :~quire: tbat-:orelocity, witln"'hieh the elas~ 
tic par~,of the fluid would eXtpa?d -·itsclfwhen UIl .. 

eomprdssctd';' and I· accordingly fouttd ,.that tha 
chord Ot':th0 .ascending;arch, was by'ihis'means 
augn\ented'~ ,Ht inche~. or at the centre,to 17,3: 
w1ienc~;: -as' the 'l'I'!eclium of the other·two' ~xperi .. 
ments 1S '~5;· tbependulum ascended, through an 
arch i,8 indie$ longer) ,by tait: additiOOal motion of 
Idw. of tll~r moving 'with ' th~ "relocity of the 
swiftest pa~t'ofihe'yapour ;.:aOO 'OOuseqtlently, the 
velocity;. with, which this·:fdw. of-matter n1~v.e.d·~ was t";bit,~ about' 7000'rett in 111> ::', : .' '::. 

·It ;M1I;'~ perhaps, b~, objected tGo ~hi~.determina:­
bOO,. ;thatthe·a~lgr.le~~ou ·of th.eQrcb~ : through . 
Wbioh·.the"endulum:lVib~te{l :in" tbj~~oa.se,: was not 
in of~it owing to· the' quantity, o£ 'mOtion given to 
the ~fJJ:bat.l)art 'M i~ w~l.prod1i~~ by th~ c~ri~ 
tne~t11J'~r. ~he: po\!d~t';;:W1a ;the g*ater quanttty 
Weteby: ~rnd;su.t: If It' ~re true 'that' a; pal't only 
'Of ~he-.. owder 'fired;' wh~n there: was no' wac:t; .. it 
,!OU)d'llot'~~Feni t~t .in-.1iring ·di1re~t qu~ntj- , 
ties of'~wder' ~lthf1ut'a'wad, ·lt1he· 'chord; of t11~ 
asceRc:lilng: areh w&uld'inerease anchiecrease mearly' " 
itr·:tl1e ratio 'ot' tthnse·quautities,. 1W'i1ich yet' I havt> 
foaM: it; to: ao;' for with:gdw.: that: ebord -was 1,S 
jilch~&,. ,which With 'ticlw~ we' have seen was but 
10; ';t~ :IO,l;' und'.«!(icm.:with.:8dw.:.;the'.chordwas 
~' incbbes ;, deficient. jfr~; this ':pl'oportWn b~ ;5 
onlY;i: f-Gr whicll d~ct·tbo, other vulid.reason~are 
to·bt'as,signed.i ;:.: ;-;:: .. : .. , .' " ~' , ' "':"1 

, .. ~nd there is .&t~l/~ ~r~:'convincing ~oqf, ~llftt 
atl4:he'po\vder ps"fir~a, ~ahhough no wad"be placed 
before the charge; w'b'iClt is, that the' part'of the 
·recoil arising from 'the.·t!xpabsion, of the powtler -

, alone, i'!i~ ·rou'fld·· to "be no greater. ,when it impels a 
leaden bllllet, bdfore it, th'~n w.hen the sa.me· quan­

\.\\.'3 
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tity is fired 'W'tthout any wad to confine k We 
bll;ve ,seeu' that,·:the· chord of the arch,.:thl'ough 
whjcb t~.pcndulum rose.from the expansh:e force 
of the powder.',a1one, 'is to, or' 10, 1 i and :the chord 
of' that arch when the .piece was charged. in the 
customary . manner with a bullet and wad, I. fouofld 
to be .the· first time 22~, and the second time 2~ ; 
or at a medium '22,56, Now the impulse.of the 
b~U apd wad; if they were supposed to strike the 

" p-endulumin the same .. place· in which the barrel 
was susp~nde.d; .with the velo~i~ they had·acquil'td 
at~ th~ mouth of. the pjece, would chiv.e it tbrough 
,u arch whose:-chord would: ,be. about· .1~,~,. ,as.' is 
kuown froUl the weight: of the. pendulum, the 
weight and position of. the barrel, .and tile iVdocity 
of the bullet,:Jdeter.mined. by. ow: for~e~::experi­
Ulents; whcnce,· subtracting ·~hij nllmbel' litS tram 
22,56, the 1'~majndt'r'10,~6;·..i&.near)y ·tb,e.4h~d·pf 
the:areh, ~hlchJbe penduluol~w(>uld·haYe alfcendtd 
tlll'ough, from· the expansion of. the PQwdcr ,aloQe; 
wilen fired with a bullet.betol'e it; and thi8liu·~ber 
'1O,2() ,<lifiers :very little fronl'.JO,l,: wliich'we have 
above found to be the chord of. the ascending arch, . 
,vhen 'the same quantity of powder expanded..itself 
ti'ccly, without. either bullet ,or; wad bofw-e it... l~ 

: lo.'\gllin~. tbat. this .veIQcity. of 700+> t'eE:t, in: l~. llot 
much beyond .. whi1tt. thel:nwst-, active ,pal;t of; ·t¥e 
flame acquiretl iRapu.n,ding, ~ evinced fl'Ol1~ hence, 
tbat we ha.ve ab()Y'e, ;1'1. tb.e .~8tb experimeut, ;all· ill~ 
stance of a. ball'aetl1~lly .discba1'ged wi:th a velocity 
of 2400 in .1", .ancl i yet it nppeared not.that.the • 
action. of the. powder on this bullet, was .at all di. 
minishcd on accollnt of' this immen.'ic celel'ity;; 
con1)cqucn-tly, the degree of swiftness. witli:wbich 
in this instance the powder f91l0\Vcd tbe;hallfiwitlt­
out losing any pal't of its· pressllre, mttst·harve·bee.m. 
mm.:), short of. what the powder alpne .wouJd .. ba'\Je 
~xpamled with, had J10t. the ·ball been there, . ., 

:\ 11(1 it is thia prodigiQll,s celerity of .~.x,p~p.sjOJl 
of 
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of the flame of fired powder, that is its' peculiar 
excellence; and the circumstance in that it so emi­
nently surpasses all other inventions, either ancient 
or ,modem, for the purpose of military projections: 
for as to the quantity of motion of these p,rojectiles 
,only, many of the warlike machines of the ancie~ts 
produced this in a degree far surpassing that of 
our heaviest cannon-shot or shells; but the great 
celer.ity given to these bodies, cannot be in the 
least approached by any other means than by t~e 
flame of powder. The reason of this difference is, 
that the ancients could by weights, or the. elasti. 
city of springs and stretched cords, augment their 
powers to any degree desired; but then each ~ddi ... 
tion of power brought with it a proporti~onal ad­
dition of matter to be moved ;, so thatas the power 
increased, these parts of the machine whic4"were 
to communicate motion to .the projectile, and were 
cO:Dsequently to move with it, were likewise in­
~reased; and thence it necessarily happened, that 
'the action of the power was not solely employed 
in ,giving motion t~ the, impelled body, but much 
the greatest part of it was spent in accelerating 
those parts of the machine in which the power re­
sid~q, to enable them to 'purlSue the body to be 

, projected with a perpetual impulse, during its whole 
passa~~ through the extent of their a~tivity. ,H~nce 
then ,It came to pass, that thoug~ these al1Clent 
machines, could throw enormous 'weightt ,they 
could project them but with small degrees of cele­
rity, compared with what we can communicate to 
eur cannon and' ~usket-sbot: whence, in all ope-' 
I~tions, ,where these great velocities are useful, ol:lr 
machines are infinitely superior to those of ,anti-

, 9ui~y: although in ,more confined and s~o~tcr p~o­
Je~tions, these last have some advantages, whIch 
may yet render them worthy of the at~ention of 
'those military geniuse~,. who have ca~ac~ty eno,,!gh 

, ~o ~onsider ,each' part of ~heir profeSSIOn :accord~~~ 
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to its tme and genuine value, independent of the ' 
partial estimation of the times they live in. 

From the determinations contained in this. PlU­
position, the force of petards may be deduced, 
since their action solely depends on the impulse of 
~he t~a:me: and i~ appear~, that a quantity. of pow­
der, prop('rl~ (hsposed 1ll such a machine,. 'm~y 

, produce as vIOlent 'an effort as a bullet of tWIce Its 
weight, 'moving with a. velocity of 14 .. or 1500 feet 
in lU. 

PROP. XII. 
'/.'0 oscertain the Alallner ill 'It'llicll tile PI!l.'I!le qf 

PO'lt/de·1" illlpels a Ball, whicl, is laid at a. co.;'­
sidclVlble Disttl1lCefrom the Charge. 

:W F. have, in many of the cxperiincnts rccii~ 
by us above, ,laid' the ball not immediately cb~ti­
gUOtlS to the powder, but a small distance fr61~'..it ; 
the gr('at~st interva1, however,. has not anibu'pu;d 
~o mor~ than about ,} iilCh, 'ti'om t1.lC hincl'cr part 
of the bullet to th.e ucarcst part of the p(h'vCier ; 
and, in these ,cases, we, ha,:,~ sec'Jl, that the theory 
agreed very; well with th~ experit'nents:' bl\~ if' a 
bul~ct 'b~ placed at a greater di~tance: fro~' ~~e 
powder, 'suppose a~ 12, 1 R, or 24 ,mchcs, we' can­
'not theu.apl>ly to the ~oti()n of fhis ball the .same 
principles which, in the 7th proposition, ,ye have 
:applied ·to such as are contiguous to the powder, 
or nearly'so; for, 'vc have seen, in'lhe 'ast -proposi­
tion, that, when the surface of the .fiI'c~l p~\vllet".is 
not con6,ned'by a heavy bo~ly, 'Wl1ich it)ii obliged 
to impel before it, the flame dildtes itself witli . a 
velocity much 'beyond what it' can at any time 
communicate to a bullet by its continued pt'essU:r~; 
consequently, 'as in the distance of 12, 18, ot t4 
inches" the powder will have acquired a consider­
able'degree of this velocity of expansion, 'the first 
motion 'of the ba.ll will not be' pl'o(hiced by tIle 

I continued 
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continued pressure of the powder, but by ·the ac- . 
tual percussion of the flame; aud. it will therefofe 
begin to· move w:ith a .q\lantity of motion propor­
tioned to the. quantity of this flame; alld the velo­
cities of its respective parts: . . 

}'ro.m hence then it follows, that the ,.elocity of 
a bullet, laid.a .considerable distance before ~he 
charge, ought to be greater, than what would . b~ 
communicated to h b;Y .the pressQre of the'.pO\V;.der 

. acting in· the manner described ~ the· .7th ;pJ;QJ>Qsi:­
·tion; and ,this deduction from our .theoly.we.have 
confirmed by manifold experience; by which w~ 
have found, that:a ball laid ".in the barrel A, with 
its hinder part 1·, ~ -inches {i'om its br~ech, and,illl,:" 
pelled by 12dw.: .of: powder, h~ .acquired on itl! 

_ discharge a velQcity of about 1400 .fee~ in 1'; 
when; if it had .been acted ,on by the pressure of • 
the flame only, it would· not· hav:c ·acquired a velo­
city of l~OO·teet in 1" •. The Same we have found 
-to hold true in all other gl'eat~r. d~t~nces, (and 
also in lesser, . tho.ugh not to the sp.me degree) and. 
in all quantities of powder. And We have likewise 
found, that t4ese .. effects nearly CQrr~p~nd with 
·what·IPms laid down in -the last Pl'oP9sition abo~ 
the velocity. of expansion,. and the elastic and une~ 
lastic parts of_the flame. - .. . .. 

And 'from hence; too :arisesanother cPl1sideratio~ 
of great consequence in the .practice .Qf' G1.luneryl; 
which 'is, that no .b~Uet should. at any time .~. 
:placed. at any conaidel'able distanqe betor;e . me 

.. charge, unless the piece be extremely:fortified; for .. 
·a moderate charge of powder, wliel1,it ~ e-,x.­
pallded itself through· the_ vac·'-Dt .space, _and 
reaches the ball, .wil~, by.the-velocityeach.par~ h~ 
~cquired,. accumulate itself behind the 'ball, and 
will! thereby be ~ondensed ·prodigiou$ly ;. whence, if 
the barrel be not of an extraordinary,firmness in 
,that part, . .it must by this reinfol'ced elasticity of 

--'$he :ppwder, infanahly burst. The . truth ,Qf this 
. . - H 2 1:ea.'5.~""\.\."t.\~ 
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, reasoning I have experienced in an exceeding good 

1ower-musquet, forged of very tough iron; for 
charging it with 12dw. ofpowder~ and placing the 
ball 16 inches from the breech, on the firing it, the 
part of the barreljust behind the bullet was swelled 
out to dOUble its diameter, like a blowll b~adder, 
and two large pieces, -of two inches long, were 
burst out of it. 
, Having seen that t.he entire motion of a bullet, 
laid at a considcl'able distance from the charge, is 
acquired by two different methods, in which the 
J;>owder acts on it; the first being the percussion 
of the parts of tlIe flame, with the velocity they 
had respectively acquired by e~panding; the se­
cond, the continued Im~ssure of the tlame tlll'ough 

. the remaining part of the barrel; I endeavoured to 
separate these different actions, and to retain that 
only, which arose from th:.: continued pressure of 
the flame. }'or this purpose, I no longer placed 
the powder at the breech, . from whence it would 
have full scope for its expansion, but I scattered it· 
as u,nifonnly as 1 could~ through the whole cavity 
left behind the bullet; inlagining, that, by this 
:meaN, the progressive velocity of the flame.in each 
part WQuld be prevented by the expansion' of the 
neighbouring parts: and.l found, that the ball be­
ing ,laid lIT inches fmm the breech, its velocity, 
instead of 1400. feet in I", which it acquired in tflc 
last experiments, was now no more than 1100 feet 
in I" j which is 100 feet short ot' what, according 
to the theory, should arise from the continued 
pressure of the powder only. 

The rea&on ot' this deficiency was, doubtless, the 
intestine motion of the flame; for the accension of 
: the powder, thus distributed through so much a 
larger space than what it could fill, must have 
produced. many reverberations and pulsations of 
the flame; and from these internal agitations of 
the fluid, its pn~ssure on the containing surface 

. wiU 
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will (as is the case ill all other fluids) becQnsider- , 
ably diminished; and it has been in order to avoi~l 
this irregularity, that in all the experimcpts I ha\'e 
made, 1 have taken particular care to ha\'e the, 
powder closely confined ih as small a space as pos~ 
sible, even when the bullet lay at some little dis­
tance from it. . . .-

PROP. XIII . 
. To enumerate the 'Oariou's Kinds of PO'loder, and . 

to descrihe the properest Metllods of e.rami~­
ing its Goodness. 

THE p'owder, we have hitherto considered, is 
supposyd to be such as is made for the service of 
the governmcnit; but, ~esides this, there are many 
other kinds, some better and some worse, which'.! 
here propose to enumerate, as far as they haye. 
come to· my knowledge. ' 

Hut, first, I must premise, that the govcrnmelit 
j)owder, if properly wrought, . is, Ibe1ievc, nearly 
as good as any powder made for general use. . I 
have examined it with great C3:re, ann have COJU­
pared it with other powders made here in E'Ilglilnd, 
which are esteemed the best, ~uch as the Battle,' 
~c. and I cannot find any sensible difi-eren.cc be;, 
tweeD them," .-1 have likewise compa.red it, il} fr(:!­
quent trial/i, with some Spanis', .powde.r. t.a.k~n out 

. of the St. Jago prize; and though, if I were to give 
my opinion, I should rather believe the Spanish 
powder the better of the two, vet so small .an ine­
quality as ~ fiftieth or six.tieth "part, which is the . 
most, that the difference between them can 
amount to, is too little to be ascertaincd with ab­
solute certainty. I conceive too, by comparing 
the experiments of others with my own, tha.t the 
P,'cIlck powder. is' little different from ours; ~l:­
though I Cf,lDnot be so certain on this bt>an as J. 
coul.d Wisp, having never b.een able tQ procure !1ny 

. H 3 . ~~ 
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6f their powder myself:· 'But. it must be remerli­
bered, that when I speak of our government pow-

, der, it must be ... hat is sllpposed to be made of the 
standard proportion of, materials, and properly 
wrought; for such was the.> pou,der I made use of. 

The strongest powder, I have yet. met with" is " 
Rome which 1 am told was madc in Holland; its 
force, compare'd with that of our government pow­
der, is nearly as 5 to ~. But· this powd,er is UD­

doubtedly made of the choicest picked materials, 
and is probably wrought up with spirits; so that 
quantities of it could not" he n:lad,e, but at a much. 
greater e:x:p~nce, than what would be repaid by its 
additional strength. " '. 

The nex,t best powder, that has come to" my 
hands, is a powder made in Portugal, ullder the 
direction of a Dutchman, who some years since 
established powder-mills near Li,r;hon. This 'is in 
strength inferior to the Dutd powder la"t men- ' 
tioned; but is however nearer to that than to our 
govern!nent powder. ' 

, The common sale powder here in England, such 
as is to be had at every grocer's, is mnch worse 
than the government or the hat tie powder, and 
extremely variou·s, according to the capri~e of the 
maker. I have tried some, whose strength has been 
in prop.ortlon to the govemmeht J'owder, as i to 
S nearly, and other parcels have been still worse; 
but the WO)"Kt of all is the jowder made for the 
African trade, usually style Guinea powder: but 
these weakel' powders are not worth examination, 
as there is no established standard for their com­
position, 

No\v these differences in tllC strength of powder 
~ay arise from three canses; eithcr from the qua­
lity of the materials, from- the proportion ()bseJ'~ed 
in their mixture, or from the manner of ,~orking 
them togethe~. . I 

Powder, as is general1y known, is composed of 
saltpetre, 
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saltpetre, slllphur,'and cha~coal'; of these materials 

, the sulphur and charcoa1 are ll?uch the cheapest ;, 
a'Qd though t~er~ are pec~liat Kin~s of these, which 
arfl fittest for thl~ purpose, yet the expenee of hav­
i~g the v,ery best is so small, 'when compared to 
the whole cost of the powder, t11at it is strange if' 
PQwder, which would be otherwise'go~d, is spoil~d 
by bild sulphur or ~harcoal. ' '. . . 

Tbe most expensive part o~ the eomposltlon,-and 
cO!lSequel~tly tbe part to which the, d~fects 'of 
powd~r arc oftner owing, is the saltpetre. This is 
a substance, i,m bibed by the earth from the air; for, 
,a quantity of earth, which has:, h~d iti saltpetre, 
washed, out of it, will,: when i,t has b~en exposed 
to the air for some time, produce saltpetre again; 
a,nd thi~ as 'often as the expel'iJllent shall be re-
-peated.' " ' 

Saltpetre is of itself an unil,lflamIl.l~ble ~'ubstal1e~; 
f(>r if it be placed in the mQst vi,olent fire" it only 

, melts, and I,lev~r fla~es, provided no· combustible 
matter is penl1itted to mix witl\. it: but though of 
itself, unmb~ed with other bodies, it will neither, 
fl~me nor ~urn ; y~t, if. it be joined ,vith burt:ling 
su~stances, it prodigiously augments the violence 
of tlleir burning; performing, in this case, what 
the air, forcibly mixed with fire by the blast '~f a 
l)a~r of l>ellows, does in a m~ch iuferior degr.~e. ' 

Powder tllen being a Dllxtureof sulphur and 
_ch,arcoal, which are very inflammable substances, 
with s~ltpetre, which in itself is not, if the salt­
petre be' tOQ much ill quantity, when compared 
with th~ other two, their burning may not be suf-

·ficient to consume the whole of 'the saltpetre; 
whence the fire may be less violent, aud consc­
clucntly (a~cording to what we haYe:o'bserved ill 
the loth ,proposition) the powder less vigorous. 
tl1an if sOIile of the saltpetre was taken away, allq 
a like quantity of the other materials were add~d 
in its stead. On tbe othcrhal1<J, if the saltpetre 

H 4 it\. 



120 NEW PRINCIPLES 
in the composition be less than what the burning 
of the other two substances can easily consnme, 
the fire will be less active than it ought to he; be­
cause it is not augmented so much as it would be, 
if iI. larger quantity of saltpetre liad been added to 
the composition. 

Hence then it appears, that the goodness of 
powder is not to be estimated only from the quan­
tity of saltpetre contained in it,' although that sub­
stance seems to be the basis of the elastic fluid, 
in which its force consists; for since the convert­
ing bf the saltpetre into that fl,uicl, arid the elasti- . 
city of the flUId afterwards, depend in some mea­
sure on the violence of the fire produced at the ex~ 
plosion, it is plain that there is a certain proJ>ot­
tion in the mixture of the materials, which will best 
con~ribute to this purpose,' and consequently to 
the perfection of the powder. ,I 

What this proportion is, has been ascertained by 
experience; and it seems now to, be generally 
agreed; that in any quantity of powder f of It 
should be saltpetre; the remaining {- consistin~ of 
equal quantities of sulphur and c11arcoal. . TIns is 
tbe proportion followed by. the' French, alld I be. 
lieve by most nations in E~'l'oje.. ~ve iudeed pre­
tend, to a greater degree of nIcety III our propor­
t!ons; though I am t61~' ,they do, not greatly ~lffer 

, from what I have mentIoned; nor am I convlOced 
that they are preferable: this I am sure of, that no 
,methods of t>fovinglowder, hitherto gener:1.lly 
practised in Ellglnn , could at all ascertu.in the 
difference; and other powders, made with the 
usual proportions, are 110 wh'it inferior to ours. 

But it IS not the due proportion of' t1le materials. 
only, which is necessary to the making of' good 
powder; another circumstance, not less essential, 
is the mixing them well together; if this be 110t ef­
fectually done, some pal"t~ of the composition will 
have too nlUch saltpetre 10 them, and others too 

. ~k; 

• 



. OF GUNNERY. HH 
little; and in. either case there wilt be cl loss of 
streng,th in the powder. 

As the excellency of powder then depends on so 
many 'particulars, in t1~ quality and quantity of 
the materials, and in the working them together; 
it is doubtless of great importa.ce, that those who, 

. r~ceive the' public stores should have it in their 
power to satIsfy thems~lves about' the goodness of 

. what is delivered to theII\. The method most 

. commonly f0110wed for this purpose,. bere with 
us, is (if I am rightly informed) to fire a small heap 
of it on a clean board, and to attend nicely to the 
flame and smoke it . produces, as likewise to the 
marks it leaves behind it on the table; from all 
which instructive particulars the merit of ~he POW-" 

der is,ascertained with great accuracy, as is pre­
tended: but besjdes this un~ertain methQd, wbich 
I presume (how much soever it. may he practised) 
none will seriously undertake to defend, there are, 
on par~icular occasions, oth~r contrh-ances maae 
use of; all which bear some analogy to the com-

I mon powder-triers; sold at the shops; only they 
are more artfully fabricated, and instead of a spring' 
they move a weight, which i~ a more certain and 
equable power. 
(B~t tflese machines, though more pelfect thl!-n 

the common powper-triers, are yet liable to great 
- irregularities; for as they are all moved by the in­

stantaneous stroke of the flame, and not by its 
continued P I'essu re, they do not determine the 
(orce of the fired powder with that certainty and 
uniformity, which were to be desired in these kinds 
of trials: and therefore I cannot but think the 
.method followed by the F,'ench, ill the receiving 
of powders from the makers, to be inuch better. 
Their practice is. thus, . 

They have, in each· magazine, a small mortar 
. cast, with its bed, according to a determined pat~ 

tern, which is the same throughout the kingdOm: 
'. thi-s. " 
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this, 1110ltar is always pointed at 45°, aDd it COll­

tains just three ounces of powder; and it is a, 
stanrlil\g, ma,xim, that no powder can be r«eived 
into their stores, unless th1'6C ounces of it, placcrl 
in the chamber of this morta,!", throws a solid ball, 
of 7~' inches diameter, to the distancc of at least 
,')5 : Ji're'lcl. fathom. 

1 t has beell objected to t?is meth,od, tllat if ea,ch, 
band of powder was to be proved in this manner" 
the trouble of charging the mOl'f.aJ:, and bringing 
back the. ball each time, would be intolerable, and' 
the delay 1:i0 great, that 110 bUl:iiness of this kind 
~ould eyer be finished; and if a number of barrels' 
Ilrc received, on 1he merit of a few, it is i:rcat odds 
but SOlllC bad ones will be amongst them, which 
Dlay prove a great disapJ.)Ointment in time of ser­
vice: AcId to this another cxception, which to 
me has much more weight; and that is, thr mon .. ' 

. ~trOllS disproportion hetween tIle wcjght ~f the hall 
and the powder that p]'~jcets it; so that the pow­
der eontinlles in action a longer time, and expands 
t11rough a mudl larger space, in proportion to its 
'quantities ill tlu,!SC trials, than it cvcr cl,oes In any 
,real 'service;' whence it happcns, that the vapour 
co61s~ and great part of it escapes through the 
touch-hole::, 01' by the ISlClc of the bulkt; so that 
the quantity of motiOll pmduc.'erl by tlH,~ explosion 
is, in this instance, but little more than half of 
what it ought to bc, if tht' powder acted 'Oil the 
ball with its full force undimini!tiwd bv thc:;f' ueci, 
~Icnts; consequently, as thi~ dilllinut 1011 of force 
Jnlly not be always const;~i1t, t.he act ion uf the 
iame powder" by the varying' of these adn'lltitious 
~'irclllnstances, may, . at clifferent times, ('Oll\'Cy 

the hall to different chstances, 
, Now this last e~cr.J>tion cloes no ways hoM 
agaiwst the method hy whil'h 1 havc tried the com­
parative strength of c1iflercllt kinds of powder, 
\\'hicb has bCen by the actual velocity gh·en to u. 

bullet, 
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bullet, by such a quantity of powder as is usually 
estee1ped' a proper charge ~or th~ piec~ : and as this 
velOCIty, however gre~t; ls easIly dIscovered· by 
the motion, which the pendulum' acquirelJ from the 
stroke of the bullet, (according to the p~inciples 
laid down above) it might· seem a good amend­
ment to the method used by the French, to in­
troduce t4is trial by the. pendulum insteaa of it. 
But though I am satisfied, I that, this would be 
much more accurate, less. laborious, . and :readier 
than the other, yet, as there is some little atten­
tion and caution required in this practice, which 
might render. it of, less dispatch .than might"e 
convenient; when a great number of barrels were 
to be separately tried, I .should myself chuse, to 
practise ariother method not'less certain, hut pro· 
digiously more expeditious; so that' I could en­
gage, that the weighing out of a small parcel .of 
powder from each barrel should be' the greatest 
part of tbe labour; and,. doubtless, three or four 
hands could, by this means, ~xamine 500 barrels 
in a m.orn'ing; besides, . the machines for this-pur­
pose, as they- might be made of cast iron, ~o,!ld 
be so· very cheap, that they' mIght be multlphed 
at pleasure. However, I shall defer the descrip­
tion of this method at present, and shall proceed 
to the consideration of the resistance of the air, a 
su hjec,t of the greatest illlportanc~ to the perfection . 
of gunnery.· . . . . CHAP. • 

• Other eprollvettes . have been since devised, '\Vbi~h will be 
noticed hereafter. n. 

.. 
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