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Gentlemen, ; 

y\ MONG the feveral experiments communicated to 

the Society, during the courfe of the preceding 

year, none feeming fo 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, 

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 

Godfrey Copley Baronet, for railing a laudable emu¬ 

lation among men of genius, in making experimental 

inquiries. But, as on former occalions, fo now, your 

Council, waving their privilege of determining the 

choice* have a£ted only as a feledt number deputed by 
■+> * 

• A 2 you, 
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yon, to prepare matters for your final decision. I come- 

then, on their part, briefly to lay before you the ftate 

of the 'Theory of Gunnery, from its rife to the time when 

its true foundation was laid, in order to evince how 

conducive thofe, experiments may be to this improve¬ 

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 fubjedt, 

you fhall entertain no lefs favourable an opinion of Mr. 

Hutton’s performance, than what your Council have 

done, it is their eameft 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) t-ook place long before the invention of gun¬ 

powder. We trace the art to the remoteft antiquity, 

lince the Sacred Records acquaint us, that one of the 

kings of Judah, eight hundred years before the Chris¬ 

tian sera, eredled on the towers and bulwarks of Jeru¬ 

salem engines of war, the contrivance of ingenious 

men, for fhooting arrows and great ftones for the de¬ 

fence of that city (tK Such machines were afterwards 

(a) 2 Chron. xxvi, *3, 
known 

I 
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known to the. Greeks and Romans by the names of 

balijla, catcipallet and others, whicn had amazin°' 

powers, and were not lefs terrible in their effects than 

the cannon and mortars of the moderns. It appears 

that the balifla was contrived to fhower volleys of darts 

and arrows of a very large fize upon the enemy, w hi lit 

the catapult a or onagra (as it was otlierwife called) 

was fitted not only for that purpofe, but for difeharg- 

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, nothing could withftand. 

Yet, if we are rightly informed, their foie principle of 

motion confifted in the fpring of a ftrongly-twiftecl 

cordage, made of animal fubftances Angularly 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 

good degree of perfection, fuperleded their ufe. The very 

intelligent commentator of Polybius (l> is of opinion* 

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

(b) M. Folard. 
• * 

change 
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change of the catapult a for the mortar: but however 

that point may be determined in fpeculation, it is not 

likely that the ancient tormenta militaria will ever be 
**" « 

revived; but that all nations will keep to the art of 

gunnery and ftudy how to improve it; that is, they will 

adhere to a fyftem of artillery, wherein the moving 

power depends on the expanlive force of gun-powder, 

or of fome other fubftance of a fimilar nature. 

Upon the firft application of this principle to the pur- 

pofes of wrar, nothing perhaps was lefs thought of 

than to affift fo empirical a practice by fcientific rules; 

for, however aiding in thefe matters the ancient mecha¬ 

nicians might have been, who, like Archimedes, had 

invented or perfedied fome of the balijiic machines, no 

praife feemed now due to the mathematicians for either 

the difcovery or improvement of the new artillery. In 

fadt, we find the pradtice of the art had fubfifted about 

aoo years, before any geometer confidered it as one that 

admitted a theory, or at leaft fuch 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 



[ 7 ] 
difcourfes on thefe occafions; and not only the main in¬ 

ventors, but even thofe who fir ft turned their thoughts 

upon the fubjedf: for, though fuch men may not have 

produced any thing perfect, yet they may have fug- 

gefted ideas to others of a lefs inventive, but of a more 

executive genius, and who, unprovided with thofe 

hints, would never have made any notable difcovery. 

I muft therefore obferve, that the Italians were the firft 

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- 

ftantinople; for by liberally receiving the learned emi¬ 

grants on that diftrefsful occafion, they wrere largely re¬ 

paid by their arts and fciences, and ftill more abundantly 

by their language, whereby they were enabl ed to read and 

to tranflate thofe ancient manufcripts, which the Greeks 

had faved out of the wreck of their country. The art 

of printing, which was eftabliihed foon after, was the 

means of quickly difleminating 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 15th century, and the whole of the 

16th, were chiefly employed by the Italians in the ftudy 

anti 
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and in the tranflation of the old Greek authors. The 

geometry of the ancient Greeks, as well as the arith¬ 

metic in numbers and fpecies of the Arabians, were cul¬ 

tivated ; but both remained, as it were, fciences by them- 

felves, unaffifting to, or at beft but weak and reluctant 

auxiliaries to the philofophy of the fchools: and in¬ 

deed how could the abftracted doctrines of numbers and 
N l 

quantities 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 lo 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 to the 

moderns in a Hate no-wife correlponding to the ele¬ 

gance and certainty of thofe parts of the fcience which 

were elementary and pure; and that thofe mixed parts 

fliould have been found defective and erroneous, in pro? 

portion (if I may fo exprefs myfelf) to the phy fical con- 

fiderations that were to be taken into the inquiry. The 

imperfedtion of the ancients, with regard to natural 

philofophy, 

/ 

/ 
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philofophy, was not perceived at that time; nay, at the 

period we are treating of, the learned were firmly peiv 

fuaded of the contrary, and that all that was wanting 

to be known concerning the laws of nature, and the 
• r- 

properties of matter, was to be taken either directly, or 

by deduction, from the phyfics of Aristotle. It was 

not till the 17 th century was fomewhat advanced, that 

men of fcience began to liften to Lord Bacon and Ga¬ 

lileo, the great founders of the experimental and the 

true philofophy. 
/ \ f , i “i ‘ v ; 1 r > V f P ’’ \ ? 

Mean while, in the beginning of the 16th century, 

unqualified as the Italians then were for entering upon 

phyfico-mathematical inquiries fe)t they neverthelefs 

made the attempt, and in particular took the theory of 

projectiles into confideration. Some imagined that a 

body impelled with violence, fuch as a ball difcharged 

from a cannon, moved in a right line till the force was 

fpent, and that then it fell in another right line per¬ 

pendicularly to the earth. Upon this principle, ablurd 

as it was, we find one of the earlieft authors ground- 

(c) The chief exception that occurs to this general remark, is the rapid 

progrefs which in that age Copernicus made in aftronomy; who was not in¬ 

deed ati Italian, but was fuppofedto have profited by his early travels into Italy, 

which he enlightened afterwards by his admirable difco'veries. 

' ; B . , . yinS 



iag his whole theory of gunnery^; whilft others, dif- 

fenting from his hypothefis, admitted only the ftraight 

line, in which the ball moved for fome time after com¬ 

ing out of the piece, and that; other ftraight line in 

which it fell to the ground; but afferted that thefe two 

were connected by a curve line, and that this curve was 
•» » ’ ♦ • i * ■ a : ? • 

the fegment of a circle. Nicolas Tartaglia of Bre- 

fcia, a mathematician of the firft rank in thofe days, 

and ftiil celebrated for his improvements in algebra, 
* 1 ... fj . 

hath been fuppofed to be the author of this dodtrine, no 

lefs erroneous than the former, and for which two of his 

books have been quoted^. Thofe I have never feen 'r 

but from another of his works, profefTedly written on 

this fubjedt, and tranflated into Englifli under the title 

of Colloquies concerning the art of Jhooting in great and 

fmallpieces of artillery1JJ, him I 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 fmall, 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 Montucla, Hill, des Mathem. vol. I. p. 623. 

(e) Thofe were La Nuova Scientia, and ^uefiti ed Invention1 diverfe*, 

^f) Puhiifl^e^ at London, A. 1588, 

would 
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would feem then, that if this mathematician had at firft 

been fo far miftaken, as to fancy that fome part of the 

courfe of a projectile was in a ftraight line, he had after¬ 

wards changed his opinion, and was perhaps lingular 

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 Ihot of an arrow, 

the flight of a ftone from a fling, or had attended to a 

ftream of water ifluing from the fpout of a ciftern, 

might have been convinced, that the path of every pro¬ 

jectile 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 Hill been at a difiance from the truth. 

They might have perceived a likenefs between the 

track of thole bodies in motion and a parabola, and con¬ 

cluded, from analogy, that all projectiles delineated that 

curve in the air; but they could never have realized 

their conjectures by mathematical demonftration, with- 

B 2 out 



out previously knowing the law of acceleration in fall¬ 

ing bodies: a difcovery referved for the next century, 

and for Galileo^, one of the greateft ornaments of it. 

It was he who firft inveftigated the effects of gravity 

on falling bodies, and upon that foundation demon¬ 

strated, that all projectiles would move in a parabola in 

a non-refifting medium. And as he made little account 

of the refiftance of the air, whofe properties were then 

imperfectly known, he proved that a ball Shot horizon¬ 

tally would, in its flight, defcribe half a parabola; and 

when the piece had an elevation above the horizon, the 

ball would defcribe a whole parabola, fuppofing it to 

fall on the plane of the battery. ]By the fame method 

of reafoning he Shewed, that whatever the ranges of the 

projected body, or the elevations of the piece were, the 

ball would ftill trace that curve line, of a greater or lefler 

amplitude, by the time it defcended to the level of the 

place from whence it came. 

Thus far went Galileo, confining his projections to 

the horizontal plane of the battery; but Torricelli 

(g) He was born in the year 1564 j but few if any of his works were pub- 

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

his 
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his difciple fooa after carried the theory farther, by 

tracing the fhot to its fall, whether that place was above 

or below the plane; and ftill found, by geometrical de¬ 

ductions, that it flew in a parabola of a larger or a 

fmaller amplitude, according to the angle of elevation 

of the piece, and the ftrength of the powder. 

Various and numerous had been the difputes in Italy 

about the laws of motion in general, and efpecially 

about thofe of projectiles, from the time the mathema- 
*■ 

ticians had begun the inquiry, till the publication of the 

dialogues of Galileo on that fubject (a fpace of up¬ 

wards of a hundred years) but from that period, fo 

evident did his demonftrations appear, that all conteit 

ceafed, and every man of fcience 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: 

paired unnoticed (as Galileo himfelf had been the firft, 

at leaft of the moderns, who ftarted the notion of the 

weight of the air and the preflure of the atmofphere) 

yet lb thin and fo yielding did they efteem that fluid to 

be, that they were afliired it could occalion no fenfible, 

at leaft no material, deviation from that curve. As they 

had the principle from Galileo, fo they believed them-- 

felves. 
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felves warranted by that refpeCtable author, not to fear 

from that caufe any objection, which he himfelf had 

fuggefted, but had removed. Among thefe projectiles 

(fays he) which we make life of, if they are of a heavy 

matter and a round form; nay if they are of a lighter 

matter, and have a cylindrical form, fuch as arrows Jloot 

from bows, their track or path will not fenfibly decline from 

the curve of aparabola<h>. 

Here then was the theory of gunnery laid, in ap¬ 

pearance, on the moft folid foundation. And thus far 

the Italians having proceeded, they feemed to have taken 

leave, and to commit the fubjeCt to other nations, whofe 

greater power, or greater ambition, was more likely to 

make them avail themfelves of the perfection of a mi¬ 

litary art, than their inftruCtors. We had reafon 

therefore to expeCt, that a neighbouring ftate, intent 

upon the advancement of the arts and fciences in ge¬ 

neral, would not fail to give particular attention to 
• .. _ . s ..... . A/ . .J ♦- » .. * 

thofe that Ihould appear moft fubfervient to its gran¬ 

deur. Accordingly we find, that our filter-fociety of 

that kingdom had not been many years eftablifhed, 
tr ' k 

when an ingenious member of that illuftrious Body, not 

(h) See his 4th Dialogue on Motion. 

queftioning 

1 
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queftioning the foundnefs of the Galilean principle in 

regard to projectiles, in the year 1677, propofed to the ■ 
. , , •*. r ^ •'“'v » 

academy, as a problem for the improvement of artil- 
r (j { ■ 'V '■ . I - - • . ' 

lery, how to dired a piece (fuppofe a mortar) fo as to, 

make the fhot fall where one had a mind; or in the 

common expreffion, to hit a mark, the ftrength of the 

powder being givenThis thought met with general 

approbation, and fo far were the academy from railing 

any difficulty about the obftrudion which the air might. 

occafion 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 eflential ftep to the; 

folution ; but that their principal geometers flraightway 

fet about folving the problem as it had been announced i 

to them, fome following one method, fome another, , 

and all upon the fuppofition of a projedile 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— 

jed, which he publifhed a few years afterunder the: 

title of UArt de jetter les Bombes; a performance much 

celebrated at the time, and that continued in no fmalht 

(i) See Hift. de l’Academ. Roy. des Sciences, A. 1707. 

(k) In the year 1683, See Hill, de i’Acad. R. des Sci, A. 1707. 

4 requeft'; 
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requeft long after, as containing, befides his own, the 

labours of feveral other members of that fociety of the 

moft diftinguifhed merit. So many, and fuch hands 

concurring in framing this work, it was no wonder that 

the learned throughout Europe were confirmed by it in 

the Galilean theory; and the more as M. Blondel had 

obviated the only objection they fuppofed could be 

made to it, the rejijlance of the air, which he had taken 

care exprefsly to mention, and fo to combate as to per- 

fuade the reader, that the retardation arifing from 
* , ) 

that caufe was fo inconfiderable as to be of no account 

in the practice. 

This illufion about the fmall or non-refiftance of the 

air -to bodies rapidly moving in it, was fo prevalent at 

the end of the laft century, and in the beginning of the 

prefent, that in the hiftory of the Royal Academy for 

the year 1707, we find their worthy and mofl accom— 

plifhed fecretary, after taking notice of the joint labouis 

of fo many able mathematicians concerned in Blon- 

DEl.'s publication, venturing to fay, it did not appear that 

any thing was then zvanting for the practice of the art [of 

Gunnery] except perhaps perfeBing the inflruments for 

pointing a cannon or mortar.but that geometry 

had 

/ 



ffjm 5 r17 ]. 
had done its part, fo to J'peak,, regard to praSIice. 

See., ^ 
‘ x » ■ I 

But far be it from our intention to relate the imper¬ 

fections of others, in order to raife ourfelves by the com- 
i 

parifon. Candour 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 

own that, on the contrary, we were perhaps more liable 

to exception. For, fome years before Blondel’s work 

appeared1^, a treatife was publifhed by one of our 

own artillerifts, Anderson (a perfon of eminence in 

his profeffion) intituled The genuine ufe and effeiis of 

the gun, in which the author ftrenuoufly fupports the 

Galilean theory; nor do we learn he was ever contra- 

dialed 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 

allured that their flight was not in a parabola; yet fp * 

far was he from aferibing the deviation from that figure 

to the refiftance of the air, that he had recourfe .to an 

(l) Hill, de l’Acad. R. des Sc. A. 1707, under the article Mechanique. 

(m) Viz, in 1674.., 

c hypothef% 
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hypothefis, repugnant to all the laws of motion, to falve 

appearances, and to reconcile thofe experiments with 

his former doctrine 
' V , i / y . ' • . ' * 

And did not Dr. Halley, fo long the ornament of 

this Society, communicate in the year 1686 a Paper, 

which he calls Adifcourfe concerning gravity, 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 hi 

large Jhot of metal, whofe weight many thoufand times fur- 

paffed that of air, and whofe force is very great, in pro¬ 

portion to the furface wherewith they prefs thereupon, this 

oppoftion was not difcernible. And again, ithough in 

fmall and light Jhot, the oppofition of the air ought and nwjl 

be accounted for; yet in fhooting great and weighty bombs, 

there need be very little allowance made; and fo thefe rules 

[thofe, to wit, grounded on the principle of Galileo] 

may be put in praBice to all intents and purpofes, as if 

.this impediment [the refiftance of the air] were abfolutely 

» . ’ t , . 
. 1 \ . * * 

(n) See his treatife To hit a Mark, publifhed in 1690. 

removed\ 
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Mmoved!',,. Such conclufions, which we now find to 
4 * ' * * ' * * i . # r 

he erroneous, were the lefs to be expected from fo 

eminent a perfon, as they argued too much hafte to 

finilh a theory, that was to be made fubfervient to 

prefent ufe. 

It might indeed have been expedted, that men of 

fcience applying themfelves to this ftudy, would have 

been fooner awakened to the confideration of the great 

oppofition of the air, by the Principia of Newton, pub- 

lilhed a little after this Paper of Halley’s (f>For in 

that excellent work the illuftrious author had demon- 

ftrated, that the curve defcribed by a projedtile, in a 

ftrongly refilling medium, differed much from a para¬ 

bola, and that the refinance of the air was,great enough 

to make the difference between the curve of projection 

©f heavy bodies and a parabola far from being infen- 

fible, and therefore too confiderable to be negledted. 

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) In the year 1687. 

1$) • Newton., Princip. Mathera. lib. ii* fe&, 7. 

a a NELEE 
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nelle obferves!r) partly from the difficulty of under- 

Handing that concife and profound work, and partly 

from a mifapprehenfion of its tendency (which they 

fancied was to revive the exploded doCtrine of occult 

qualities) were late in becoming acquainted with it ? 

But it is not fo eafy to account for their inattention to 

Huygens, a 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 Gravity, 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 

Tvas convinced of the truth of Newton’s conclufions, in 

regard to the great oppofition of the air to bodies mov¬ 

ing fwiftly in it; and, by confequence, believed that the 

trail of all projectiles was very different from the line 

of a parabola^, 

• k , r ““ *■ v r 1 # 

But excepting Newton and Huygens, the learned 

feemed univerfally to acquiefce in the juftnefs and fuf- 

ficiency of the principles of gunnery invented by Gali- 

(r) Eloge de Newton. 

(s) Difcours de la Cawfe de la Pefanteur. Leidc, 1690, 

LEO 
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ceo, 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, 

from fufpedting any defeat or fallacy in thefe principles, 

that they feemed rather to reproach the practical artil- 

lerifts, for not profiting more by the inftrudtions which 

they had fo 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 

by the number of lieges at which he had ferved, by his 

high military rank, and by his abilities in his profeffion; 

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 although it was agreed 

that theory joined to praBice did conflitute the perfeBion 

of every art, yet experience had taught him, that theory 

was of very little fervice in the ufe of mortars. "That 

the work of M. Blondel had jujlly enough defcribed the 

feveral parabolic lines, according to the different degrees 

of the elevation of the piece; but that praBice had con¬ 

vinced him there was no theory in the eff'eBs of gun-powder: 

for that having endeavour edy with the greatejl precijton, 

to 
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to point a mortar agreeably to thofe calculationsy be: bad: 

never been able to. ejlablijh any folid foundation, upon, 

them!t>* 

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 relied on funda¬ 

mentals which had never been contefted, it was pro¬ 

nounced at once to be alrnoll intirely ufelefs, and that; 

by one of the moll competent judges. Now, whether 

it were owing to the deference due to the authority of 

that experienced artillerilt, or to fome other caufe, I frail: 

not determine,, but obferve, that it appears not from the 

hiltory of the academy, that the fentiments of. M. de 

Res sons .were at this time controverted, or any reafon: 

offered afterwards for the failure of the theory of. pro¬ 

jectiles when applied to ufe. Nor can I pafs unnoticed: 

the paufe that enfued before any further attempts were 

made to, improve the theory of the art, either upon the 

old principles or upon new ones, except by fuch au¬ 

thors as feemed ignorant of this tranfadlion, and who of 

courfe were not fufficiently apprized of the inefficacy of 

the properties of the parabola for directing practice.. 

(t) Mem. de TAcad., R, des Sc. A. 1716, 

/ 
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Or by thofe who were employed in fpeculatively invef- 

tigating the nature of the curve traced by a ball in the 

air ; a curve which began at laft to be confidered as one 

deviating much from the line of a parabola. Or, finally, 

by fuch as, having taken notice that Newton’s ideas 

had not been duly attended to, endeavoured to avail 
I 

themfelves of them, and of fome experiments that had 

been made by others, for proving the great opposition 

of the air to bodies of fwift motion ; but without after- 

taming the degree of that refiftance, or enriching the 

art by any practical rules {uL 
% 

Such was the unhinged Rate of this part of the 

mixed mathematics, when within our memory Mr. 

Benjamin Robins took cognizance of it: nor could the 

fubje£t have fallen into abler hands, endowed as he was 
, , 1 ■ - t 

by nature with a fuperior genius and unwearied appli¬ 

cation. Mr. Robins was deeply verfed in geometry 

and the doftrine of numbers; but he knew the limits 

as well as the powers of both, and how inlufficient they 

were for eftablifliing 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) Dan. Bernoulli, Comment. Acad, Petropol, T. 2. & 3. 

experiments 



experiments and attentive obfervation. Thofe who had 

hitherto treated of the foundation of gunnery, by being 

too forward in the application of their mathematics, had 

in a manner hurt the credit of that admirable fcience. 

They ought to have feen the neceflity of minutely ex* 

amining every circutnftanee which could affedt the 
courfe of a projeaile,befides that of gravity.- Mr. Robins 

perceived the error of his predcceflbrs in that inquiry, 

and correfted it; Perfuaded as he was from Sir Isaac 

Newton^S^#^ of the great refiftance of the air to 

^ bo^lf^ving in it, and alfo of the uncertainty of the 

force of gun-powder, and of the variations In the flight 

of fhot, 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 deviled had been both defediive and er¬ 

roneous. He fufpedted that moft of the writers on - 

gunnery had been deceived, in fuppofing the refiftance 

of the air to be inconfiderable, and thence afferting the 
track 
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back 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. But in 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 
-4. — 

explofion. That being done, he proceeded to meafure 

the quicknefs of a mulket-bullet, fhot out of a given 

barrel, with a given quantity of powder; ^ad to confirm 
' * ' ' '; ' 

the truth of his conclufions, he contrived a fllsfehine, 

by which the velocity of a bullet might be diminifhed 

in any given ratio, by being made to ftrike on a large 

body of a weight juftly proportioned to it; whereby 

the fwifteft motions, which otherwife would efcape our 

examination, were to be exadtly determined by thefe 

flower motions that had a given relation to them. 

The machine was a large wooden pendulum, which 

fwung freely, but in fo flow a manner, that its vibrations 

could ealily 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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He next inquired into the refiftance made by the air 

ro projectiles of rapid motion, and which he difcovered 

to be much greater than had been fuppofed by any 

writer on the fubjeCt; and indeed fo 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 fo erroneous as to be totally ufelefs. For 

by means of this pendulum, placed at different diftances 

from the mouth of the piece, he clearly demonftrated 

how much a bullet, flying with a given velocity, would 

lofe of that motion by the oppofition of the 

air: therein furnifhing to the learned a fignal and in- 

ftr active inftance of the fallacy of the molt fpecious 

theories, that do not proceed hand in hand with experi¬ 

ments. 

I fhould too much exceed the juft bound's of a dif- 

eourfe of this kind, were I to enter more minutely into 

the fyftem founded by Mr. Robins, confirmed and im¬ 

proved, as I find, by the labours of feveral of the learned 

in foreign parts of great celebrityI fhall only add,. 

(w) It is alfo much to the honour of Mr. Robins, that his writings on this 

Cubjeft have been tranflated into foreign languages by men that were the beft 

judges of their merit. I need only name M* M. Euler5 and le Roy. 

that. 
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that his performance well deferves the title he gives it 

of The new principles of gunnery, lince th e author may 

more properly be.faid to have invented a new fcience 

than to have added to an old one. And I believe I may 

venture to fay, that no phyfico-mathematical difquilltion 

hath done more honour to this country, or to the age, 

than the writings of Mr. Robins on this fubjeit, which 

have been publifhed, partly by this Society, partly by 

himfelf, and partly lince his death (in the collection of 

his whole mathematical traits) by his learned friend. 

4 1 / \ V 

But though our worthy brother will ever be cele¬ 

brated for being the inventor of the true principles of 

gunnery, 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 lor 

afcertaining the initial velocity of them. 

D 2 Much 

i 
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Much therefore are we indebted to Mr. Hutton, 

who, treading in the footfteps of the deceafed, hath re- 
f 

fumed and profecuted this laft defideratum, and hath 

ffiewn himfelf not unequal to fo difficult an enterprize. 

Mr. Robins, for determining the initial velocity of fhot, 

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 mulket-ffiot only, 

Mr. Hutton with cannon-balls from 2Q to about 50 

times heavier. This was a confiderable ftep gained in 
&1 '//■ ' . . '■' Jp 

a difquilition on that, part of the fcience, in which the 

refiftance of the air and other circumftances were not 

concernedand where neither analogy alone, nor ma¬ 

thematical deductions alone, nor the two combined, 

were fufficient for eftabliffiing principles applicable to 

the motion of cannon-balls, without making a new feries 

of experimentsand with what labour and judgment 

thefe have been performed, you underftood by the ac¬ 

count which Mr. Hutton gave of them in his Paper. 



But Ihould 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-powder; yet they are in a higher, more certain, and 

in a more general manner, than what refulted from the 

labours of Mr. Robins; who indeed led the way, but 

who made, as it were in miniature, thofe experiments 

which Mr. Hutton hath executed at large, and which 

Robins himfelf wiflied to have made, as well as others 

who have confidered the fubjedt fince his time. Now 

thefe experiments, though made by Mr. Hutton with 
\ , . ’ 'n 

cannon-balls of a fmall fize, may neverthelefs form juft 

conclulions 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 projedliles in a fecond, or in any other 

afligned portion of time. They alfo fliew the law of 

variation in the velocity arifing from different quanti¬ 

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

n wife 



wile that law which takes place upon uiing balls of dif¬ 

ferent weights. Further, they point out the advantage 

obtained by diminifhing the windage in cannon, and 

teach us how we may increafe the weight of the lhot 

in the fame piece, by making it of a cylindrical form, 

inftead of a fpherical: by this device, a fmaller lhip 

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 fhooting fartheft with 

the fame charge of powder. 

Laftly, 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 reliftance 

of the air to bodies moving fwiftly in it. This indeed 

is a conlideration which leaves room for greater im¬ 

provement in the art, and for conferring frefli honours 

on thofe, who, like Mr. Hutton, fhall have opportu- • 

nities and abilities for continuing and perfecting this 

very curious and ufeful inquiry. 

* ’ • ' r t * *' 1 • • i 

As to the advantages accruing to philofophy from 

the labours both of Mr. Robins and Mr. Hutton, fpeak 

they 
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they not fox' themfelves ? The fciences of motion and 

pneumatics are promoted by them; and of what avail 

their perfection would be for the farther interpretation 

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 of the 

powers of man over the works of creation. 

•» 4 

0 

Some however may think, that the objeCts of this 

Society are the arts of peace alone, not thofe of wrar, 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- 
0 

provement. Thefe naturally will be the firft thoughts- 

of the belt difpofed minds. But when upon a clofer 

examination we find, that fince the invention of arms 

of the quickeft execution, neither battles nor fieges have 

been more frequent nor more deftruCtive, indeed appa-- 

rently otherwife; may we not thence infer, that fuch 

means as have been employed to fharpen the fword,. 

have tended more to diminifh than to increafe the num¬ 

ber of its victims, by fhortening contefts and making 

them more decifive. I fliall not however in lift on< 

t 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, I fear, become 

a prey to thofe who bed: knew how to ufe them. For 

yet, alas! far feem we to be removed from thofe pro- 

mifed times, when nation pall not lift up /word againjl 

nation, neither pall they learn war any more ! 

Here ended the Tref dent's Difcourfe: after which he 

turned to Mr. Hutton, andfaid, .. 

YOU have heard, Sir, the account I have given of 

the rife and progrefs of the theory of gunnery, and of 

your improvement of it; a recital, which by no means 

would have done either you or the fubjedt juftice, had 

it been addrefled 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 

fubjedt, antecedently to your Paper, and to remind them 

of the refult of your experiments, I flatter myfelf I have 

faid what was fufficient on the occafion: being now au¬ 

thorized 
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thorized by them to deliver into your hand this medal, 

as the perpetual memorial of their approbation. And 

let me add, Sir, that they make you this prefent with 

the more cordial affection, as by your other ingenious 

and valuable communications they are allured, not only 

6f your talents, but of your zeal, for promoting the in- 

lerefts and honour of their Inftitution. 

:I age 4. 1. fior tJixs read the 

*6. 9. fior coin bate read cotnbat 
20. 

26. 
I?- for tract read track 

laft line of the note, fir jj. m. read ai m. 




