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AR November 30, 1778.
By Sir JOHN PRINGLE Baronet.
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GENTLEMEN,

. MONG the feveral experiments communicated to
P the Society, during the courfe of the preceding

B
N

‘year, none feeming {o much to engage your attention,

as thofe contained in the Paper, intituled, The force of
 fired gun-powder, and the initial velocity of cannon-balls,

.F
|

 determined by experiments: with much pleafure there-

fore I acquaint you, that, on account of the pre-emi-
nence of that communication, your Council have judged

_- the author, Mr. CHARLEs HuTTON, worthy of the ho-

' nour of the annual medal, inftituted on the bequeft of Sir

- GoprreEy CopLEY Baronet, for raifing a laudable emu-;

lation among men of genius, in making experimental
~ inquiries. . But, as on former occafions, {o now, your
~ Council, waving their privilege of determining the

. choicey have ated only as a fele@t number deputed by

A2 you,
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conducive thofe experiments may be to this imprdvé-
ment of an. art of public concern, as well .as to the ad-
vancement of natural knowledge, the great object of

: your inftitution. And if, upon a review of the fubjeét,

' you fhall entertain no lefs favourable an opinion of Mr.
HurToN’s performance, than what your Council have |
done, it is their earneft requeft that you would enhance
the value of this prize, by authorizing your Prefident
to prefent it to our ingenious brother in your name.

ARTILLERY (in the large acceptation of the
term) took place long before the invention of gun-
powder. We trace the art to the remoteft antiquity,
fince the Sacred Records acquaint us, that one of the
kings of Judah, eight hundred years before the Chrif-
tian eera, ereted on the towers and bulwarks of Jeru~
falem engines of war, the contrivance of ingenious
men, for fhooting arrows and great ftones for the de~
fence of that city’/,  Such machines were afterwards.

() 2 Chron. xxvi, 15,

known

M i i i



powers, and were not lefs ternble in their effeéts 111411
_;the cannon and mortars of the moderns. It appears

| that the 4a/jfla was contrived to thower volleys of darts
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and arrows of a very large fize upon the enemy, whilft

‘the catapulta or onagra (as it was otherwife called)

was fitted not only for that purpofe, but for difchare o=

~ Ing ftones of an enormous weight; I might fay rocks,

fince fome of them are reported to have weighed feveral
hundred pounds. Batteries compofed of numerous

- pieces of that kind of artillery, nothin g could withftand.

Yet, if we are rightly informed, their fole principle of
motion confifted in the fpring of a ftrongly-twifted
cordage, made of animal fubftances fingularly tough

- and elaftic. Thefe warlike inftruments continued, not

only-during the time of the Roman empire, but to the
12th and 13th centuries, as we find from hiftory; nor
indeed is it probable that they were totally laid afide,
till gun-powder and the modern ordnance, attaining a
gooddegree of perfection, fuperfeded their ufe. The very
intelligent commentator of PoLysius” is of opinion,

that the military art rather loft than gained by the ex-

(5) M. FoLazp,
¢hange




change of the cazapuita for the mortar: but hzr"l'
that point may be determined in fpeculatmn, z1t 1.5 not
likely that the ancient formenta miliiaria will ever r','-:f;
revived; but that all nations will keep to the art uf
gunnery and ftudy how to improve it; that is, tthF w111_3'f-
adhere to a {yftem of artillery, wherein the muvmgi'-:"'
power depends on the expanfive force of gun-powder;f ‘
or of fome other {ubftance of a {imilar nature. ;

Upon the firft application of this principle to the pur-
pofes of war, nothing perhaps was lefs thought of :
than to affift {o empirical a practice by {cientific rules; |
for, however aiding in thefe matters the ancient mecha-
nicians might have been, who, like ARCHIMEDES, had
invented or perfected fome of the da/ific machines, no
praife feemed now due to the mathematicians for either
the difcovery or improvement of the new artillery. In
fa&t, we find the practice of the art had fubfifted about
200 years, before any geometer confidered it as one that_—-_'
admitted a theory, or at leaft {uch a theory as was
grounded on geometry.

It feems but juft to trace and commemorate the in-
ventors of the ingenious arts which furnifh matter for
difcourfes




di rfes on thefe occafions; and not only the main in-
1;_'1'- but even thofe who firft turned their thoughts
_:"'_'- pon the fubject: for, though fuch men may not have
uced any thing perfe&, yet they may have fi ug-
] geﬁed ideas to others of a lefs inventive, but of a more
4 executive genius, and who, unprovided with thofe
f hiﬁts, would never have made any notable difcovery.
-' I muit therefore obferve, that the IZa/ians were the firit
..: ;who emerged out of thofe thick clouds of ignorance and
~ barbarifm which had fo long overfpread this quarter of
' the world. They profited by the unhappy fate of Con-
4 ftantinople; for by liberally receiving the learned emi-
grénts on that diftrefsful occafion, they were largely re-
i paid by their arts and fciences, and ftill more abundantly
- by theirlanguage, whereby they were enabledtoread and
~ to tranflate thofe ancient manufcripts, which the Greeks
?" ‘had faved out of the wreck of their country. The art
~ of printing, which was eftablifhed foon after, was the
~ means of quickly diffeminating thofe treafures of know-
;: ledge, and concurred with the fall of the eaftern empire

- to form an epoch for the advancement of learning, un-
- paralleled in the annals of letters.

The end of the 1sth century, and the whole of the
- 16th, were chiefly employed by the Italians in the ftudy
and




geometry of the ancient Greeks, as well as the 1-

metic in numbers and {pecies of the Arabians, were

tivated ; but both remained, as it were, {ciences by them- i
{elves, unaffifting to, or at beft but weak and reluétant |
auxiliaries to the philofophy of the fchools: and in-
deed how could the abftracted doétrines of numbers and
quantitics be ftrained to co-operate with a fyftem, in

which neither the laws of motion, nor any but the fu-
perficial, and often delufive properties of matter, were to
be met with? The genius of the Greeks, all acute and
brilliant as it was, had never been properly directed to
the interpretation of nature, and was indeed unfit (as
Lord Bacon pronounced) for a ftudy. that made {o flow
and painful a progrefs, by re-iterated and varied experi-
ments and obfervations. It was no wonder then, if the
mixed mathematics, as they are called, defcended tc the
moderns in a ftate no-wife correfponding to the ele-
gance and certainty of thofe parts of the fcience which
were elementary and pure; and that thofe mixed parts
fhould have been found defeftive and erroneous, in pro-
portion (if I may {o exprefs myfelf) to the phyfical con-
{iderations that were to be taken into the inquiry. The
imperfection of the ancients, with regard to natural

philofophy,
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1 nfophg, was not peroewed at that time; nay, at the
- penéd‘ we are treating of, the learned were firmly pers_
j”ﬁm(.’le.-d of the contrary, and that all that was wanting
Bt be knnwn cnnc.ermng the laws of nature, and the
ipi?:ﬁlrf)ierf:nes. of matter, was to be taken mther direétly, or

Hﬁy ’deduéhon, from the ph}fﬁcﬂ. of ARISTOTLE. It was

.:# .- | ;l'

nut tﬂl the ITth century was fomewhat advanced, that

men of {cience began to liften to Lord Bacon and Ga-
y _‘ LILED, the great founders of the experimental and the
true Phll{}fﬂphjf ' '

oy whﬂe, in the beginning of the 16th century,

(AL #,
;

i unquahﬁed as the Italians then were for entermg upon
i phy{' ico- mathematical inquiries /, they neverthelefs

P |

‘ }
L made the attempt, and in partmular took the theory of

projeétlles into confideration. Some imagined that a
bod}r impelled with violence, fuch as a ball difcharged
frurn a cannon, moved in a rlght line till the force was
T_pent, and that then it fell in another Tight line per-
pendlcularly to the earth. Upon this principle, abfurd

as it was, we ﬁnd one of the earlieft authors ground-
*r gisd uiogie i

'l' )

"f (¢} The chief’ gxceptmn that occurs to this general remark, is the:rapid
progrefs which in tint age CoPErNicUs made in aftronomy; whe was not in-
deed an Italian, but was {uppofed to have profited by his r.:arl:,r travels into ltaly,
which he enlightened afterwards by his admirable dilcoveries.

BB, A cobood & feghiicu’ Dy DS




,mg hls who,le; théﬂl‘}: of gunnery "‘ff' : whﬂﬂ: crrtrhgll';,“dif o
fenting from his hypothefis, admitted only the ﬂmght il
line, in which the ball moved for fome time af,'ter com- E
-ing out of the piece, and that other ﬂ:rzught Ilne m o
. which it fell to the ground; but aﬁi:rted that theﬁi‘ tWt} .
were connected by a curyve 11ne, and thar thls curvé jgas '
the fegment of a circle. NicoLas TARTAGLIA nf Bre- 3
- {cia, a mathematician of the firft rank in thnfe da}rs, {é

and ftill celebrated for his 1mpmvements in algebra,.. g
hath been {uppofed to be the author of this do&rme, (ot
lefs erroneous than the former, and for which two of his
- books have been quoted”. Thofe I have never feen;
but from another of his works, profefledly wntten on
this fubjeét, and tranflated into Englifh under the utle
of Colloguies concerning the art of Jbooting in great ;;}g:—}f
[mall pieces of artillery™’, him 1 find, contrary to the opi~--
nion of his contemporaries, maintaining that no part of
the track of a cannon-ball is in a right line, though the
curvature in the firft part of its ﬂight be fo {mall, that
it needeth not to be attended to. But TARTAGLIA is
far from fuppofing, that the line in queftion hath any
relation to a parabola, or to any regular curve. It

(d) See MonrucLa, Hift. des Mathem. veol. I p. 623.
(¢) Thofe were La Nusya Scientia, and Quefiti ed Inventioni diverfes.
{f) Publifhed at London, A. 1588,
| would



uulcl {feem then, that xétlns mathemat:lman had at firft
i ffheen fo far miftaken, as to fancy that fome part of the
~ courfe of a projeétile was in a ftraight line, he had after-
~ wards changed his opinion, and was perhaps fingular
~ in what he finally embraced.
~ From numerous inftances one would imagine, that
in thofe days, fo far were men of fcience from making
~experiments themfelves, that they even fhut their eyes
againft what chance would have prefented to their fight.
For, whoever had minded the roving fhot of an arrow,
the flight of a ftone from a fling, or had attended to a
ftream of ‘water iffuing from the fpout of a ciftern,
fnight' have been convinced, that the path of every pro-
jé¥ile was in a continued curve, whatever little he
otherwife knew concerning the properties of that one.

! But had the obfervation of the philofophers gone fo
| far) they Had ftill been at 4 diftance from the truth:
£ They might have perceived a likenefs 'between the
F track of thofe bodies in motion and a parabola, and con-
b

curve in’the air; but they could never have realized
2 their conjectures by mathematical demonftration, with-
e 04 - B 2ig bk coobt 1rav o7 1 out

rr_'_;;-.f-_?_

i,

cluded, from analogy, ‘that all projeétiles delineated that
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- out previoufly knowing the Ia.w-af an:'ﬁ!.emtfﬁg-’-i
-ing bodics: a difcovery referved for the next centurys,
and for GALIL ng ¢, one of the greateft nmamerﬁs ﬂf }g?;
flit %, JORPAL o I

It was he who firft inveftigated the e&'eé’cs ﬂf gravity
on falling bodies, and upon that foundation Qﬁrqqn-q
ftrated, that all projeétiles would move in a par;lbqlq ;m;
a non-refifting medium. And as he made little aeoou‘pt "
of the refiftance of the air, whofe properties were m:. T
imperfeétly known, he proved that a ball fthot hqq;zpna; ;_
tally would, in its flight, defcribe half a parabola; ‘-'and
when the piece had an elevation above the horizon, thf::
ball would defcribe a whole parabola, fuppofing 11' 1;1;1 .'LH |
fall on the plane of the battery. By the fame methai * I*:,
of reafoning he fhewed, that whatever the ranges of tl;ug_ ; %
projected body, or the elevations of the piece were, the
ball would {till trace that curve line, of a greater or leﬁ%r N
amplitude, by the time it defcended to the level Ou‘:' thq
place from whence it came. '=

f
IJ
1«*’
i

p-

I|

o

Thus far went GALILEO, confining his projetions to
the horizontal plane of the battery; but Tonnmlgl,.;.;_‘--_ ]
~ {z) He was born in the year 1564 ; but few if any of his works wcrepnh-

lifhed till after the year 1600, and his dialogues on motion not before 1638,
his



dJ:{Elple;foun after carried the theory farther, by

tracmg the ﬂ'mt to its fall, whether that place was above
| Ir.-or belaw the plane* and ftill found, by geometrical de-
| d‘u&mns, that it flew in a parabnla of a larger or a
" ﬁna]IEr amplitude, according to the angle of elevation

ﬂf the plECE, and the ﬂrength of the pc:wder

~ Various and numerous had been the difputes in Italy
about the laws of motion in general, and efpecially:

é'hbut thofe of projectiles, from the time the mathema-
J"  ticians had begun the inquiry, till the publication of the
| éialuguas of GaLiLEO on that fubject (a fpace of up--
‘ﬁwards of a hundred years) but from that period, fo

evident did his demonftrations appear, that all conteft
ceafed, and every man of {cience was convinced, that all’

- projectiles moved in the track which he had difcovered.
For, as to the refiftance of the air, which he had not:

paffed unnoticed (as GaLILEO himfelf had been the firft;.
at leaft of the moderns, who f{tarted the notion of the

We.'.ght of the air and the preflure of the atmofphere)
- yﬂfﬂ thin and fo yvielding did they efteem that fluid to

be, that they were affured it could occafion no fenfible,
at leaft no material, deviation from that curve. As they
had the pnnc:plc from GALILEO, {o they believed them--
Y. e {elves.
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Telves warranted by that refpe&able author, nr,xt to { .A?@
from that caufe any objection, whlch he hlmeI? had

qrL IR

fuggefted, but had removed. Among thefe prq,feﬁ .r& |
(fays he) wbich we make ufe of, if they are qf a .bgﬂ‘l’.i? .'. ]1,.
matter and a round form; nay if they are qf a Ztg{:ﬁer ;;
matter, and have a cylindrical form, fuch as arrnw.r ﬁo;‘ i‘a-.';
from bows, their track or path will not Jenfibly decline ﬁam .,-';;5;
the curve of a parabola™ . | i

' F :
Here then was the theory of gunnery lmd in a

ST BT
pearance, on the moft folid foundation. And thus fa}

the Italians having proceeded, they {eemed to have taken

leave, and to commit the fubject to other natmns w]:-.a{é L
3 d » Whe T
greater powcr, or greater ambition, was mnre hkely . L

LI T":I

make them avail themfelves of the perfe&mn of a J:m-
: 3

litary art, than their inftructors. We had re: r
Yix
therefore to expe& that a ne1ghbounng {’cate, mtem!

Loy e i A E
upon the advancement of the arts and fmences in ge-
1

I{ 1 e rj I_.‘

neral, would nat fail to give pa.rﬂcular attenuon. to 11 i

G J89% 38 e

thofe that fhould appear moft fubferwent to its gran—- i
deur. Accordingly we find, that our ﬁi’cer—fuc;etg Qf Py

.J.__..!

that kingdom had not been many years eﬁg.l?].l jeﬂc}l
e Iads o

when an ingenious member of that 11,lufcr10us Bonij, not

-

(k) See his 4th Dialogue on Motion, g e
queftioning
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que{hnnmg the foundneﬁ of the Galilean principle in:
' regard to pm_]e&lles, in the" year 1677, propofed to the -
rﬁC&dEIﬂ}’, as a problem for the improvement of  artil-
lery, how to diret a piece (fuppofe a mortar) {o as to
make the fhot fall where one had a mind; or in the -
common expreflion, 7o bit a mark, the firength of the
:’_ powder being given’”. This thought met with general.
apprnbatmn, and fo far were the academy from raifing
; any difficulty about the obftruction which the air might:
- ucca.ﬁon to a body moving with fo much velocity in it,
that we do not find the making experiments on that |
‘head was confidered by them as an eflfential ftep to the
: fﬂllution; but that their principal geometers ftraightway
fet about folving the problem as it had been announced :
%'-‘ to them, fome following one method, fome another,,
~and all upon the fuppofition of a projectile moving in.
 the line of a parabola. But M. BLoNDEL, who had:
'~ been the propofer, and who more particularly had ftu-
~ died the queftion, compofed a large volume on the {fub--
" je& which he publifthed a few years after”, under the
title of L’ 4r¢ de jetter les Bombes; a performance much -
celebrated at the time, and that continued in no {fmall:

(i) See Hift. de ’Academ. Roy. des Sciences, A. 1507.
(£#) In the year 1683, Sece Hift. de I’Acad. R. des Sci, A, 1707,

4 requefl’

oy e e
-
=
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moit d:[’cmgm{hed merit. So many, and fuch hands 5
concurring in framing this work it was no wonder that
the learned throughout Europe were confirmed by itin |
the Galilean theory; and the more as M. BLDNDEL had
obviated the only objection they fuppnfed could bc
made to it, the re¢fiffance of the air, which he Thad taken
care exprefsly to mention, and fo to combate as to per-'
{fuade the reader, that the retardation anﬁng frﬂm
that caufe was fo inconfiderable as to be nf no account

in the practice.

This illufion about the {mall or non-refiftance of the
 air to bodies rapidly moving in it, was {o prevalent at
the end of the laft century, and in the beginning of the

prefent, thatin the hiftory of the Royal Academy fDI' &
the year 1707, we find their worthy and moft accum-

plifhed fecretary, after taking notice of the _]Glnt labours
of fo many able mathematicians concerned. in BLoN-
DEL’s publication, venturing to fay, i did not appear tbat
any thing was then wanting for the praciice of the art [of
Gunnery] except perbaps pfrfa*fi’fﬂg the infiruments for
POINLINg @ cannon 0r Hortar « « « + . s but that geametry
bad
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bad done its part, fo to fpeak, with regard to pralZice.
.&C'I' #?f

But far be it from our intention to relate the imper-
fections of others, in order to raife ourfelves by the com-
parifon. = €andour requires of us not only to-acknow-
ledge, that in this country, as to the point in queftion,
we did not furpafs our neighbours; but ingenuoufly to
i own.that, on the contrary, we were perhaps more liable
= ‘to exception. For, fome years before BLONDEL’s work -
i{ ‘appeared ™, a treatife was publithed by one of our
- own artillerifts, ANDERsON (a perfon of eminence in
| his profeflion) intituled - The genuine ufe and effeils of
the gun, in. which the author ftrenuouily fupports the
Galilean theory; nor do we learn he was ever contra--
‘dited among us,  although-he undertook to anfwer all
thofe who fhould make objections to it.. Nay, when:
‘he had an.opportunity afterwards of making experi--
‘ments on the ranges of bombs, and by thofe trials was
affured that their flight was not in a parabola; yet {o-
far was he from afcribing the deviation from that figure
to the: reﬁﬂance of the air, that he had recourfe to an-

() Hift. de !’Acad. R. des Sc. A. 1707, under thearticle Mechanique.
(m) Viz. in 1674:.
G. hypothefisy

—

P ORI
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hypothefis, repugnant to all the laws of motion, to. falve
appearances, and to reconcile thofe experiments w:ttﬁ
his former doérine’™.
And did not Dr. HaLLEY, fo long the ornament of
this Society, communicate in the year 1686 a Paper,
which he calls 4 difcourfe concerning gﬁﬁf&f@, in which,
treating of the motion of projectiles, he fays, that being
aware’ of the deflexion from the parabolic curve that
might be occafioned by the refiftance of the air, he had
made fome experiments, even with cannon-balls, to ef-
timate the force of that refiftance; yet conclude, That in
large fhot of metal, whofe weight many thoufand times fur-
pafjed that of air, and whofe force is very great, in pro-
portion to the furface wherewith they prefs thereupon, this
oppofition was not difcernible.  And again, Though iz
[mall and light Jhot, the oppofiticn of the air ought and muft
be accounted for; vet in fbooting great and wg;:g'biy'ﬁamﬁ.r,
there neéd be very little allowance made; and fo thefe rules
[thofe, to wit, grounded on the principle of GALILEO]
may be put in prattice to all intents and purpofes, as if
this impediment [the refiftance of the air] were abfolutely

(n) Sec his treatife To hit a Mark, publifhed in 160.
e yemoved.
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nemoved”. | Such conclufions, which we now find to
be erroneous, were the lefs to be expefted from fo
eminent a perfon, as they argued too much hafte to

finith. a theory, that was to be made fubfervient to

prefent ufe.

It might indeed have been expected, that men of
fcience applying themfelves to this ftudy, would have
been fooner awakened to the confideration of the great
eppofition of the air, by the Principia of NEwToN, pub-
lithed a little after this Paper of HALLEY's?. For in
that excellent work the illuftrious author had demon-
{trated, that the curve defcribed by a projeétile, in a
ftrongly refifting medium, differed much from a para-
bola, and that the refiftance of the air was great enough
to make the difference between the curve of projection:
of heavy bodies and a parabola far from being infen--
fible, and therefore too confiderable to be negleted.

‘Have we not then lefs to. plead for not attending to-
the Principia of NEwTON in this article’”, than the ma-
thematicians of other nations, who, as M. de FONTE~-

(o) Philof. Tranf, N° 179, p. 20.
(p) Inthe vear 1687.
(¢) NewTonw, Princip, Mathem, lib. ii. fe&. 7,
3 i 5 Sl NELLE



NELLE obferves’”, partly from the difficulty of under-

ftanding that concife and profound work, and partly
from a mifapprehenfion of its tendency (which they
fancied was to revive the exploded doétrine of occult
qualjties) were late in becoming acquainted with it?
But it is not fo eafy to acccunt for their inattention to
HUYGENS, 3 known and even then a much efteemed
author, and who indeed was fecond to NEwTON alone
in fcience and in genius. For he in the year 1690
had publifhed a treatife on Grawity, written in a popular ‘
manner, wherein he gave an account of fome expe-
riments he had made at Paris, and in the academy, by
which, as well as by mathematical inveftigations, he
wvas convinced of the truth of NEwToN’s conclufions, in
regard to the great oppofition of the air to bodies mov-
ing {wiftly in it; and, by confequence, believed that the
trac of all projectiles was very different from the line
of a parabola’™, :

But excepting NewTon and HUYGENS, the learned
feemed univerfally to acquiefce in the juftnefs and fuf-
ficiency of the principlesof gunnery invented by GALI-

(r) Eloge de NEWTON.
{s) Difcours de la Caufe de la Pefanteur.  Leide, 1690,
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. 1E0, enlarged by ToRRICELLI, confirmed and reduced
‘to fyftem by ANDERsON, BLONDEL, HaLLEY and others ;
. and fo far were the theorifts, in that branch of fcience,
k. from {ufpecting any defect or fallacy in thefe principles,
. that they feemed rather to reproach the practical artil-
~ lerifts, for not profiting more by the inftructions which
they had f{o liberally imparted to them. Nor do we
find that an apology was made for the empirical ex-
ercife of the art, by any author of note in that line,
~earlier than the fixteenth year of this century, when M.
de REssons, a French officer of artillery, diftinguifhed
i by the number of fieges at which he had ferved, by his
high military rank, and by his abilities in his profeflion;
when he, I fay, thus qualified to bear teftimony, pre-
fented a memoire to the Royal Academy (of which he
was a member) importing, that altbough it was agreed
that theory joined to praciice did confiitute the perfeciion
of every art, yet experience had taught bimy that theory
was of wvery little fervice in the ufe of wmortars. That
the work of M. BironpiL had juflly enough defcribed the
feveral parabolic lines, according to the different degrees
of the elevation of the piece; but that praciice bad con=-
vinced bim there was no theory in the effecis of gun-powder:
for that baving endeavoured, with the greatefi precifion,
7o
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to poini @ mortar agreeably to thofe calculations, be bad B

never been able to. effablifh any folid foundation. uporn:
them .

Thus, after the theory of gunnery had exercifed the: |
genius of the learned for nearly two hundred years, and.
for almoft fourfcore of that time had refted on funda--
mentals which had never been contefted, it was pro=-
nounced at once to be almoft intirely ufelefs, and that
by one of the moft competent: judges. Now, whether:
it were owing to the deference due to the authority of
that experienced artillerift, or to fome other caufe, I fhall
not determine, but obferve,.that it appears not frcm the:
hiftory of the academy, that the fentiments of M. de
REssons were at this time controverted, or any reafon:
offered afterwards for the failure of the theory of pro--
jectiles when applied to ufe. Norcan I pafs unnoticed:
the paufe that enfued before any further attempts were:
made to, improve the theory of the arty either upon the:
old principles or upon. new ones, except by {fuch au--
thors as feemed ignorant of this tranfaction, and who of
courfe were not {ufficiently apprized of the inefficacy of.
the properties of the parabola for direéting praétice..

() Mem..de I’Acad. R, des Sc. A, 1716.
Or
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«Or by thofe who were employed in {'peculative'lly invef-
tigating the nature of the curve traced by a ball in the
airy acurve which began at laft to be confidered as one
deviating much from the line of a parabola. Oy, finally,
by fuch as, having taken notice that NEwtons ideas
had not ‘been duly attended to, endeavoured to avail
themf{elves of them, and of fome experiments that had
been made by others, for proving the great oppofition
of the air to bodies of {wift motion; but without afcer-
taining the degree of that refiftance, or enriching the
art by any practical rules’.

Such was the wunhinged ftate of this part of the
mixed mathematics, when within our memory Mr.
BeNJAMIN RoBINs took cognizance of it: nor could the
{ubjeét have fallen into abler hands, endowed as he was
by nature with a fuperior genius and unwearied appli-
‘cation. Mr. ROBINS was deeply verfed in geometry
and the doétrine of numbers; but he knew the limits
‘as well as the powers of both, and how infufficient they
were for eftablithing any theory where matter was con-
~cerned, without preparing the way, by finding out the
phyfical properties of that matter, by many and varied

. +{u) Dax, Berwouirr, Comment. Acad, Petropel, T 2. & 3.
experiments
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experiments and attentive obf ervation. Thofe who had
hitherto treated of the foundation of gunnery, by being:
t0o forward in the application of their mathematics, had.
in a manner hurt the credit of that admirable icience. .
They ought to have feen the neceflity of minutely ex--
amining every circumitance which could affeét the
courfe of a projeétile, befides thatof gravity.. Mr. ROBINS
perceived the error of his predeceflors in that inquiry,
and corre@ed it.  Perfuaded as he was from Sir Isaac
§.cipia of the great refiftance of the air to

dviﬂg in it, and alfo of the uncertainty of the
force of gun-powder, and of the variations in the flight
of thot, occafioned by the unavoidable varieties in the-

make of it, and in the make of the pieces of artillery |

which difcharged it; apprized, I fay, of fo many caufes -
of aberration, he juftly concluded, that the foundation:
here was at leaft as much an affair of phyfics as of geo--
metry, and that if the art of throwing bombs had not
been advanced by theory, it was not becaufe the art ad-
mitted of none, but becaufe the theory which had:
hitherto been devifed had been both defective and er--
roneous. He fufpefted that moft of the writers on:
gunnery had been deceived, 1n {fuppofing the refiftance
of the air to be inconfiderable, and thence aflerting the .
! track.

A
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track of all fhot to be nearly in the curve of a parabola,
by which means it came to pafs that all their determi-
nations, about the flight of projectiles of violent motion,
had declined confiderably from the truth. Butin order
to clear this point from every doubt, he found it necef-
fary to afcertain the force of gun-powder, and by that
ftep to eftimate the velocity of the fhot impelled by its
explofion. That being done, he proceeded to meafure
the quicknefs of a muifket-bullet, thot out of a given
barrel, with a given quantity of powder; and to confirm
the trath of his conclufions, he contrived a ﬁiﬂbhme,
by which the velocity of a bullet might be ::hmlmihed
in any given ratio, by being made to firike on a large
body of a weight juftly proportioned to it; whereby
the {wifteft motions, which otherwife would efcape our
examination, were to be exactly determined by  thefe
flower motions that had a given relation to them.
The machine was a11arge wooden pendulum, which
fwung freely, but in {o flow a manner, that its vibrations
could eafily be counted, whatever was the celerity of
the bullet difcharged againft it.  The thought was
fimple, ingenious, and inconteftably his own.

D He
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ITe next inquired into the refiftance made by thqal

to projectiles of rapid motion, and which he difcovered =

! writer on the fubjeét; and indeed {o great, that it was
| manifeft the curve defcribed by any fhot was very dif-
ferent from a parabola, and confequently that all the
applications of the properties of that conic fection to
gunnery were {o erroneous as to be totally ufelefs. For.
' by means of this pendulum, placed at different diftances
from the mouth of the piece, he clearly demonitrated
 how much a bullet, flying with a given velocity, would
NS g%gg?ly lofe of that motion by the oppofition of the
air: therein furnifhing to the learned a fignal and in-

-
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ftruétive inftance of the fallacy of the moft fpecious:
theories, that do not proceed hand in: hand with experi=-
ments.

I fhould too much exceed the juft bounds of a d_if-_--i' |
courfe of this kind, were I to enter more minutely into
the {yftem founded by Mr. RoBiNs, confirmed and im-
proved, as I find, by the labours of {feveral of the learned.
in foreign parts of great celebrity/*/. I thall only add,.

(w) Tt is alfo much to the honour of Mr. Ropins, that his writings on this.
fubjeét have been tranflated into foreign languages by men that were the beft
judges of their merit. I need only name M, M, EvLER, and LE Roy.

that:
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"ﬁﬁat his performance well deferves the title he gives it

~ of The new principles of gunnery, fince the author may
‘more ‘properly be faid to have invented a new fcience
E than to have added to an old one.  And I believe I may
gty venture to fay, that no phyfico-mathematical difquifition

‘hath done more honour to this country, or to the age,
than the writings of Mr. Rosins on this fubject, which
have been publithed, partly by this Society, partly by
- himfelf, and partly fince his death (in the colleétion of
his 'whole mathematical traéts) by his learned friend.

g
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But though our worthy brother will ever be cele~
brated for being the inventor of the true principles of
g’ﬁnnery, yet it would be too flattering to his memory,

- to {fay he had carried the theory of this art to perfection.
He himfelf was far from entertaining fo high an opi-.
nion of his labours; nay he exprefsly declared, that he
left fome material points to be inquired into at more
leifure (which other occupations and his immature death
deprived him of) and he much regretted that he wanted
conveniency and opportunities for making experiments
on balls of a greater weight, than what he had ufed for
afcertaining the initial velocity of them.

b
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Much therefore are we indebted to Mr. HUTTGH,
who, treading in the footfteps of the deceafed, hath re- .
fumed and profecuted this laft defideratum, and hath
fhewn himfelf not unequal to fo difficult an enterprize.

Mr. RoBINS, for determining theinitial velocity of thot,
arifing from different quantities of powder, made ufe of |
balls of about an ounce weight; whereas Mr. HUTTON,
for the fame purpofe, hath employed thofe of different
weights, from one pound to nearly three; or, in other
words, Mr. RoBins made trial with muiket-fhot only,
Mr. HurToNn with cannon-balls from 20" to about 50
times heavier. This was a confiderable ftep gained in
a difquifition on that' part of the fcience, in which the
refiftance of the air and other circumitances were not
concerneds; and where neither analogy alone, nor ma-
thematical deduétions alone, nor the two combined,
were fufficient for eftablifhing principles applicable to
the motion of cannon-balls, without making a new feries
of experiments: and with what labour and judgment
thefe have been performed, -you underftood by the ac-
count which Mr. HurToN gave of them in his Paper.

But
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But fhould it now be inquired, what advantages may
be derived from Mr. HuTTON’s experiments, for the ad-
vancement of the art of gunnery, and of philofophy in
general? I would reply, that as to the former it may be
fufficient to obferve, that though the improvements be
only fuch as can be deduced from the force of fired
_gun-pnwder; yet they are in a higher, more certain, and
in a more general manner, than what refulted from the
labours of Mr. Rosins; who indeed led the way, but
who made, as it were in miniature, thofe experiments
which Mr. HurToN hath executed at large, and which
Rogins himfelf withed to have made, as well as others
wha have confidered the {fubjet fince his time. Now
thefe experiments, though made by Mr. HuTtTOoN with
cannon-balls of a {mall fize, may neverthelefs form juft
conclufions when applied to cannon-fhot of the largeft
fize. And fuch conclufions inform us of the real force
of powder when fired, either in a cannon or a mortar,
impelling a ball or bomb of a given weight; that is, they
difcover with what velocity a given quantity of powder
drives thofe projectiles in a fecond, or in any other
affigned portion of time. They alfo fhew the law of
variation in the velocity arifing from different quanti-

ties of powder, with the fame weight of metal, and like-
7 wife




obtained b}r ﬂimlmﬂun.g the windage in i:anmﬂn, and “
teach us how we-may increafe the weight of the ﬂ:u::t,
in the fame piece, by making it of a cylindrical fcn*m,
inftead of a {pherical : by this device, a {maller fhip |

may be enabled to do the execution of a larger one.

And experiments of the {fame kind will alfo determine

the juft length of cannon for 'ﬂlﬂuting fartheft with

the fame charge of powder. e o s A

Lafly, it is from thefe experiments, ‘or from others

that may be made after the like manner, we are in-
ftructed how to anfwer every queftion relative to mili-
tary projectiles, except fuch as depend on the refiftance |
of the air to bodies moving {wiftly in it.  This indeed

is a confideration which leaves room for greater im-

provement in the art, and for conferring frefh honours

on thofe, who, like Mr. HutToN, fhall have opportu- -
nities and abilities for continuing and perfeé'hng thls

very curious and ufeful inquiry.. | P
: DR

As to the"-advantages accruing to -philofophy from

the labours both of Mr. Rosins and Mr. HuTToN, fpeak

' they
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__i‘.fri ﬁey not fe}r themielves? The fciences of motion and

pneumatics are promoted by them; and of what :wail
their perfection would be for the farther 111terprcht1{m
of nature, you need not be informed. In fine, we have
here before us, in thefe experiments, the fureft teft of
our advancement in true knowledge, which is, the im-
provement of a liberal art, and the enlargement uf the
powers of man over the works of creation..

Some however may think, that the obje&ts of this
Societjr are the arts of peace alone, not thofe of war, and:
that confidering how numerous and how keen the in-
ftruments of death already are, it would better become

us to difcourage than to countenance their farther im--

provement. Thefe naturally will be the firft thoughts-
of the beft difpofed minds. But when upon a clofer:
examination we find, that fince the invention of arms
of the quickeft e'xecutiﬂn, neither battles nor fieges have:
been more frequent nor more deftructive, indeed appa--
rentlj.r otherwife; may we not thence infer, that fuch-
means as have been employed to fharpen the {word,.
ha;rt:: t;endﬂd. more to dlmlmﬂl_ than to increafe thé num--
ber :::_f its victims, by fhortening cumffts and making
them more decifive. I fhall not however infift on.

: 14 maintaining:
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maintaining fo great a paradox; but only furmife, that
whatever State would adopt the Utopian maxims, and
profcribe the ftudy of arms, would {foon, 1 fear, become
a prey to thofe who beft knew how to ufe them. For
yet, alas! far feem we to be removed from thofe pro-
mifed times, when nation jball not lift up fword again/t
nation, neither foall they learn war any more!

Here ended the Prefidents Difcourfe: after which be

turned to Mr. HuTToN, and jaid,

YOU have heard, Sir, the account I have given of
the rife and progrefs of the zbeory of gunnery, and of
your imprmfemént of it; a recital, which by no means
would have done either you or the fubject juftice, had
it been addreffed to any other audience than to the pre=
fent. But as my intention was only briefly to recall to
the memory of thefe gentlemen what they knew of this
fubjec, antecedently to your Paper, and to remind them
of the refult of your experiments, I flatter myf{elf I have

faid what was fufficient on the occafion; being now au-
thorized









