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IN publifbing thefe tralis of my friend My. Benjamin

Robins, I fball premife fome account of their autbor y
together with fuch reflexions, chiefly relating to mathe:
matical [ubjeils, as may occaftonally arife.

This excellent perfon was born at Bath in 1507. As
bis parents were not wealthy, and alfo quakers, it was
much feared, left the furprizing progre[s be bad by Lim-
Jelf early made in various branches of literature; would
be interrupted through want of due encouragement ;
efpecially amongfR a people; who profsfs not the fame
eficem, as the refb of the worlds for the learning they
Siyle buman 5 [fuppofing it not requifite either 4o the un-
derfianding or explaining divine [ubjells ®.

However, fome particular friends of Mr. Robins
being wery defirous that ke might continue bis purfuits;

* and bis merit net be loft in obfeurity 5 wifbed for this
purpofe; that be could be properly recommended to teach,
in this town the Mathematicks; which bad been one qf
the principal objeds of bis fudies. With this view
therefere they communicated 1o a gentleman bere a paper
written by bim, in order to learn what judgment perfons
of knowledge might make of bis abilities. This was
Shewn to Dr. Pemberton, who, thence conceiving a good
opinion of the writers for a farther trial of bis pro-
Jiciency fent bim fome problems, of which the Doflor re<

* Barcklay’s Apology, Prop. x. § r8. Y
A
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vi P R EF A CE

quired elegant folutions, not thofe founded on algebraical
calculations 5 adding an example of fuch a folution, that
the young geometer might the more readily comprebend -
bis meaning.  An anfwer was returned by Mr. Robins,
that gave a very advaniageous idea of bis tafte, as well
as invention.

Upon this be cate to London ; wwbhere bis prefence
Pill encreafed the favourable fentiments that bad been
ensertained of bis talents. For befides bis acquaintance
with divers parts of learning, there was in bim to an -
ingenuous afpefi, joined an aliivity of temper, together
with a great facility in expreffing bis thoughts with
tlearnefs, brevity, frrength and elegamce s endoeoments,
. which do not always accompany fudious perfons. Bwmt
though Mr. Robins was poffefled -of much more fRill
than is ufually required in a common teacher 5 yet being
very young, st was thought proper, that be fhould employ
Some time in perufing the beft wrsters on the fublimer parts
of the matbematicks, before be undertook publickly the
infruction of others. In this imteroal, befides improve-
ing bimfelf inthe modern languages, be had opportunities
‘of reading in particular the works of A pollontus, Archi-
medes, Fermat, Huygens, De Wit, Slufius, James
Gregory, Dr. Barrow, Sir Ifaac Newton,-Dr. Taylor,

~and Mr.Cotes. Thefe authors be readily underfiood

without any affiffance; of which be gave frequent proofs
to bis friends. Amongft others, one was & demonfiration
of the laf propofition of Sir 1faac Newton’s Treatife on
Quadratures, which was thought not wundeferving a
place in the Philofophical Tranfactions *. v
Not long after an occafion offered for bim to exbibit
to the publick a fpecimen alfa of bis knowledge in natural
philofopby. The Royal Academy of Sciences at Paris
bad propofed amongft their prize queftions, to demonfirate
the laws of motion in bodies impinging on one another +.
The celebrated M. John Bernoulli bere condefcended to

® For 1727. N°. 397. -tVIn 1724 and 1726. . A
' /2



PR ETFACE vii

be o candidate; and though bis Differtaticn lof tke re-
ward; be appealed to the learned world by prinijng it *.

. Hetherein endeavoured to eftablifb M. Leibnitz’s epinion

of the force of bodies in motion, from the effeés of their-
friking againt. [pringing matcrials ; as Signer Poleni
bad before attempted to evince tbe fame thing from exe
periments of bodses falling on [oft and yiclding [ubRances.
But as the infufficiency of Signer Poleni’s arguments bad
Jormerly been demonfirated 15 fo Mr. Robins pyblifhed
" in a journal, celled The prefent Stae of the chubiic,lc
. of Letters T, on smanfwerable confutation of M. Bex-

noulli’s performance.

It may indeed feem firange, that a wmere tyro fooyld
fhus overcome fo redoubted @ veteren. Byt though
M. Bernoulli muft be gllowed to beve bad a confi-
derable fbare of invention in pure mathematicks s yet,
when any phyficel caufe intervened, be feldom could
#void falfe reafomings 5 being deficient in phat difting3-
nefs of conception, [o neceflary for [ecuriug againft ervor .

- in thefe more complex fubjelts, and which wes poflefled
&y Mr. Robins sn & fupreme degree. ‘

Now the recommendations of bis friemds, fupported
by fuch authentick seftimontes of bis ebilities, joom pre-
cured bim many fcholars ; amongft thefe, feveral were of
real genius, who at prefemt make an erinent figure in
publick affairs.

- But it may be bere chferved, that about 1his time ke
quitted the peculiar garb and profeffion of a quakers for
not baving the leaft tintlure of obfiinacy, fupeifiition or
enthufiafm in bis nature 5 be foon got over the prejudices
of education, and bad an utter querfion 1o a8 a feignid
part.  However, be continued to cultivate @ fricndbip
with [everal deferviug perfons of that perfuafion; not
being sgnorant that as all iimes, and in &'l places, there
bave been greas numbers of learning, [agacity, and eves

* Difcours fur les loix de Ia communication du Mcuvement,
Par M. Bernoulli i Paris 1727. t+ Philofophical Tranfac-
tions in 1722. N° 371, t For May 1728,

A -
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ii PR ETFAC E

bonefty too, who through the force of early impreffions
and a certain caft of temper, bave made moft palpable
abfurdities the objels of their faith. '

Mr. Robins’s way of infirutiing was generally fimi-
lar to the courfe, be bad followed bimfelf , but as be only -
taught perfons fingly, and not in claffes, it was in bis
power to vary bis method according to the capacity or
intention of each learner. However be always began
with the Elements of Euclide, not as interpolated by
Campanus and Clavius, or anatomifed by Herigone
and Barrow, or depraved by Tacquet and Dechalles 3
but according to the original banded down to us by an- -
siquity 5 much lefs did be ufe any of the new modelled
Elements, that at prefent every where abound.

By what is bere faid, I would not be underfiood to
diffuade the confulting Clavius’s Euclide at a proper
time ; for as in it there is nothing inconfiftent with the
Stricinefs of demonfiration, [o it comtains many curions
particulars relating to geametry. And indeed the con-
trailed form, into which Dr. Barrow bas reduced
the Elements, may be of ufe for refrefbing the memory,
after the criginal bas been well confidered; the fame
Judgment may be paffed on bis Archimedes, Apollonius

and Theodofius.
* For want of fuch a beginming in bis [tudies, many a
mathematician, who bas acquired no fmall fame; bas
‘been altogether incapable of framing a [ynthetic demon- -
ftration, as it ought to be, or even of readily compre-
“bending one fo conftituted 3 but would be apt, though it
bad all the perfetiions poffible, -to imagine it tedious and
obfcure, through bis not being acquainted with the genuipe
expreffion of the true geometry. Hence the writings of
great part of the moderns on mathematical fubjects
abound with inartificial computations. The confidera-
tion of which led Mr. Robins often to repeat a [aying
of that elegant writer Joannes della Faille : Mathema-
tica multi fciunt, mathefin pauci *.

_* De Centro Grav. Circul. & Ellipf. in the preface.
: ' Amongft

.
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- Among[t Mr. Robin’s ftholars, fuch as went dfter-
wards to Cambridge, in order to qualify themfelves for
one of the learned profeffions, were wont, as is the
cuftom cf - young men, frequently to enter into warm
contefts with the dif:iples of Mr. Profeffor Saunderfon,
that gentleman ufing there a very different method of
inftruction.  And indeed I bave met with ingenious
perfons, who, though they allowed Euclide’s Elements
to be the perfecteft. book of the kind ; yet did not think
it the moft proper introduflion for the gemerality of
ftudents, at leaft when ranged in claffes, the way of
teaching principally followed in univerfitiess but the
contrary of this opinion appears to be true from the
conftant and wvery fuccefsful practice of the late famous
Mr. Maclaurin, who, 1 obferved with pleafure, always
begun bis academical courfes with the Elements of
Euclide *. '

And thefe Elements well deferve to be carefully con-
Sfidered even by fuch as do not intend to devete much of
their time to mathematical f[peculations; for they are
maore ufeful, in order to acquire a babit of firict reafongng,
than the moft laboured [yfiems of logick : tkat art owing
in great meafure its original, and indeed being beft fitted
for making formal anfwers, to the childifh and ridiculons
conceits of thofe quibbling [opbifis, whofe impertinence
Plato bas fo juftly expofed 5 appears fo far from being
the moft matural means of difcovering and judging of
truth, that the great mafter t of the art itfelf was a
wvery bad reafoner. :

The two chief grounds of falfe reafoning are ambi-
‘guity in the ufe of words and principles boflily taken
up ; fearce any one ever offending againft the rues of
mode and figure in [yllogifms. But the fureff defence
againft thefe two grounds of error, is exercifing the mind
in fubfeils, where a courfe of reafoning is followed free
Jrom perplexity in the terms, and difintangled friis un-

* See his Life before his Account Of Sir Jaac Newtos's
Philofophical Difcoveries, + Ariftotle. .

: certainty



x PREVFACE .
ceriainty in the principles 3 by which-we may gain o babit
of diftinguifbing between perfeid reafoning and whatever
in ?{ma: degrees takes only the appearance of it.

clide in bis Elements bas the adventage of aﬂfub‘
jed, the fimplicity of wbich keeps it almoft meceffarily
free from any ambiguity of terms, and bis demonfirations
are conducted wiji the moft exprefs defign of reducing
the principles affumed to the feweft number and.moft
evident, that might be;, and in a method the mof na-
sural, as it is the mof conducive towards a juft and com-
pleat comprebenfion of the [ubfefl, by beginning with
Juch particulars, as are moft eafily conceived, and flow
moft readily from the principles laid dowon, themce by
gradually proceeding to fuch as are more obfeure, and
require a lomger chain of argument. ’

And this great regard to per[picuity in the method
and form of reafoning was fo peculiarly the charafleriftick
of the moft ancient geometers, that Mr. Robins cbofe
to initiate thofe under bis infiruttion in the Elements of
tbebcon::cb by Apollonius #n preference to any modern
autnoor.

T fuch as bad a talent for invention, be recommended
the geometrical analyfis of the ancients om account of its
elegance, which muft be allowed in many cafes by the mofé
profeft admirers of algcesbm. Even M. d’Alembert
acknowledges,—il y a des cas ol P'ufage de I’Analyfe
[be means algebra] loin d’abréger les demanfirations,
les rendroit au contraire plus embarafiées. De ce
nombre font entr’autres plufieurs problémes ou -
theorémes, ot il s’agit de comparer des angles en-
t'eux *. And Dr. Halley, though be kad formerly
beftowed the bigheft encomiums on algebra +, yer when
be became acquainted with the geometrical anakyfis, gave
this the preference, faying, Methodus hec cum algebri
fpeciosa facilitate contendit, evidentii vero et demon-
Atrationium elegantii eam longe fuperare videtur : and

~_® Encyclopédie, Tom. L p, 551. Philofophical
'l’xanfa&i);ns?elgl’ 225, P 5? Kt
&fterwards
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afterwards be adds, Verum perpendendum eft, aliud
efle problema aliqualiter refolutum dare, quod modis
variis plerumque fieri poteft, aliud methodo elegan-
tiffima id ipfum efficere; analyfi breviffimi et fimul

ripicui, fynthefi concinnid et minime operosa.
goc veteres praftitiffie argumento eft Apolloaii
liber, quem imprzfentiarum tibi fiftimus *.

As 10 the principles of algebra M. Robins afed to
deliver fort precepts of bis own, free from the intrs-
cacies and mifconceptions, by which the generality of
writers bad cbfcured a matter in itfelf very plain and

10 be comprebended.  The interpreting the terms of.

ive and negasive, which in reality expre/led only

sbe relation of one quantity to anvther, as implying fome

abfolute quality in the quantities 1o which they are pre-

Jixeds bas occafioned all that air of myfiery, by which

kearners are fo unneceffarily perplexed.  As a flagrams

proof of his, fee dbe very extraording:y account of

affirmative and negative quantities in Dr. Saunderfon’s
volumineus Treatife of Algebra, p. 50 ard 56.

Myr. Robins explained tbe dolirine of fluxions, and
what is ufually fiyled the fublime geomesry, after a clear
* and genusne manner 3 not baving the leaft recourfe to

2he abfurd wstion of indivifibles or infinitefimals, but as
it isdelivered truly, though wery briefly, by its greas
inventor in the imtrodullion to bis admirable treatife on
quadratures. What a crude dea the fame Dr. Saua-
derfon gave bis fcholars of thefe fpeculations, bcfore
Mr. Rebins bad publifbed an explanation of thein,
appears from bis poftkumous piece, called The Method
. of Fluxions, printed at Lancon in 1756. :
I fball not proceed to deferibe Mr. Robins’s way of
infivaliing in the feverad branches of mirt matbemalicksy
whereof be was a moft perfels mafier, and cn which ke
could deliver bimfelf with the wtnicf: clearne/s. 1 fhall
only abferve, that asbe well grounded bis [cholars in true

‘® Praefar. in Apollon, de Se&tiane Razonis. Cxon. r706.
3 o geoinetry
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geometry s it was eafy for bim to inform them of thé
pradlical parts in a more [cientific manner, than they
are bandled in the vulgar treatifes. ,

The modern authors, Mr. Robins chiefly valued,
were fuch, as approached the neareft in their manner of
writing 1o that of the ancients. Amongft thefe the great
Huygens ftands in the firft place. But thofe, who brd
the care of publifbing bis pofthumous works, feem to
bave been of a different opinion ; when they tell us,

they once bad thoughts of cbanging bis real demonfira-
tions into algebraical calculations!
'~ Mr. Robins alfo had the bigheft efteem for Dr.
Barrow’s leftures, and recommended them ufually to bis
feholars 5 for in thofe, that treat of the mathematicks
in general, they would find amongft otber excellent things
concerning the nature and principles of the [cience, a
Juft defence of Euclide, and a full explanation of bis
idea of proporticnality 5 and as the fubje? is bandled in
a popular manner, [o the author, befides fbewing much
real learning and exquifite cheice in bis authorities, bas
not only fupported bis peculiar [entiments with great
Jubtilty of reafon, but alfo adorned bis difcourfe by a
mafculine and true eloquence.

In bis optical lectures they would fee the principles of
catoptricks and diopticks [et forth in the compleateft
manner. There the aflual interfellions are determined,
which the rays of light ifluing from any point of an -
objedt after reflection or refraction make with each otber,
as alfo the limits of thofe interfections, and bow the
rays, the nearer they approach thofe limits, are more and
more confiipated 5 whence fuch limits are called the focis
as the line paffing through them all bas been fince named
the cauftic*.  Next the autb:r finds the principal foci in

* This Dr. Barroaw determined in circles only ; his fucceffor
in circles and in other curves by means of the radius of curva-
tare. See Barrow’s Optics, Le@. xiii. Art. 25, 26. Newton’s
Optical Le&tures, Part. I. Se&. iv. Prop. 32, 33. and his Trea-
tife of Series and Fluxions, Prob.v. §. 70. i

v differens



PREFACE 3l
different lens’s.  Afterwards be treats in general of the
apparent magnitudes of objells, and then particularly
affigns the images of plane furfaces. The whole is inter-
mixed with [everal curious propofitions in geometry, and
confirmed by mof} accurate demonfirations, whicb bave
been praifed as fuch by Sir lfaac Newton bimfelf * 5
who fuppofed bis auditors well acquainted with thefe
lectures of bis predeceffer, in order to underfand
p;rfeﬁly the fublime difcoveries, be was delivering to
them,

Dr. Barrow’s geometrical leiiures alfo exbibit great
marks of gemius and invention. He there at the be-
ginning difcourfes briefly yet clearly about motion and

- time 5 then fbews from curves being generated by motion,
bow are deduced [everal of their general properties.
Next be determines the tangents and areas of curves ;
inferting many curious propofitions of different kinds, as
concerning the tangents and f[ecants of the circle, the
conic fuperficies, &c. and in bis laft lefture be fbews,
bow to" determine the limits of equations, better than
bad been done before, or even fince. ,

I am the more particular in relation to the works of
this great man, as I think, they are too little at prefent
regarded 3 and I fball fartber firengthen mine and
-Mr. Robins’s thougbts of them by adding, to Sir Ifaac
Newton’s judgment of the opticks above quoted, the
seftimony of tbe famous James Gregory concerning both
the optical and geometrical lefiures 5 the Doflor’s ma-
thematical leGiures not baving been printed in bis or
Mr. Gregory’s life-time. This excellent mathemati-
cian, though be bad written profoundly on the very fame
Jubjeds 5 yet in bis letters to bis friend Mr. Collins,
thus candidly gives bis opinion. Mr. Barrow in his op-
ticks fheweth himfelf a moft fubtle geometer, fo that

® —cum Differtationes, quas bic non ita pridem audiviftis, tanté
rerum opticarum <varietate, novarum copid, et accuratiffimis carundem
demonfirationibus fuerint compofite ; . Newton’s Le&. Optic.
at the beginning. ' ' I
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I think him fuperior to any, that I ever looked upon.
1 long exceedingly to fee his geometrica) leCtures,’
efpecially becaufe I have fome notions upon that fame
fubject by me. Iintreat you to fend them to me
prefently, as they come from the prefs, for I efteem
the author more than you can ealily imagine ®. And
Mr. Gregory’s expefiations weie not in the leat difap-
poimted 5 for baving received thofe leflures, be writes
Mr. Collins word, Barrovii [Geometricas] Letiones
fumma cum voluptate et atténtione perlegi ; atque
omnes qui unquam hifce de reus feripferunt infimta
intervallo fuperaflfe comperio . .

I need not mention My, Robins’s cpinion of Sir Ifaac
Newton ; fince be bas bad occafion to declare it Jo often
in the following trafls. And irdeed Sir 1faac Newton’s
fame [eems at prefent to bave furmounted all oppofition.
The philofcpbers of a neighbouring natian acknswledge
bis merit. Though they bad for years quite everlooked
bis book of opticks 5 yet now they fpeak of it in the
bighet termst. And they bave at length adopted at-
traflion under the name of univerfal gravitation ; which
they bad long rejected as an occult quality, om account its
caufe is not difcovered. They might as well bave neg-
lected the confideration of the laws of motion ; becaufe
it is not known, why motion arifes from the collifion of
bodies 5 cr the contemplation of the effects of light, as
it bai not been found out, whether it is vwing to beams
darted immediately from the luminous object, or te im-~
prefions made on a furrounding medium, or to fome more
latent caufe. It is the bufine(s of the true phikofophy to
explore the moft fimple caufes, and from tbeir combina-
tions to account for the varicus pbenomena in nature.
But all the objecticns, that could be raifed againft this
true way of philofopbifing, \Sir 1faac Newton bad pre-

* Dr. Ward's Lives of the Profeffors of Grefbam-Co-lege, p. 161.
+ Commercium Epiftolicum, p. g5. 1 Owwrage wraiment
digne de Padmiration de tous les fiecles, Hittory of the Royal
Academy of Sciences at Paris for 1752.'p. 134.

vioufly
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vioufly obviated in bis works. Of this they feem at laft
10 be fenfible, from baving confidered them more atten-
tively® s and accordingly they are attempting to make
improvements on bis principles. B
I am wvery fenfible the exacinefs of my friend in
teaching is flighted by fome profeffors 5 1bey recommending
Pardies, Sturmius, and other fballow autbors, as better
calculated for the bumours of many, who, fince thefe
fpeculations bave been fo much in reputatioen, wonld
gladly acquire, at little expence of time and thought, &
/mmri»i atquaintance with them. .
Though fuch empirical metbods kave prevailed armngf
the fuperficial and balf t1aught 3 I wifb they may not be
countenanced in our publick [chools. I bope that univer-
fity, which bas beew fo renowned for the matbematicks,
and all forss of found literature, will ever difdain thefe
fosw and imperfect ways of infiruction in every kind of
#wowledge 3 and that the great examples of a Spenfer
and & Milton, of a Bacon and & Harvey, of a Barrow
axd a Newton, with numberlefs others, will always in-
fpire its Budents with the landable ambition of following
thefe their predeceffors in the fame path to glory and im-
mortality. Not lefs ardemt are my wifbes for the pro-
fperity of eur other univerfity, whofe learned members
bave [pread far its fame in all ages ; not only in the
times fince the revival of real fcience ; but even when
the weflern werld lay covered snder grofs ignorance,
there fhone out at Oxford from amidft that thick cloud
of sdarknefs bright genius’s, whofe works in manufcript,
as tefiimonies of their fingular Merit, are fiill preferved
in the famgus Bodleyan Library. And furely the il-
Uiberal and mechanick method of teaching thefe moft per-
Ject arss will never gain ground in a feat of learning,
whafe profefors, as a caution azainft this innovation,
bave al obliged the lovers of thefe feiences with

*® Memoirs of the Royal Academy of Arts and Sciences at
Paris 1745. 'p. 329

editions
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editions of Euclide and Apollenius, of Theodofius axd
Menelaus. As that yfeful undertaking was begun by the
encouragement of the excellent Dean Aldrich * 5 fo it is
20 be boped, the prefent worthy governors of this uni-
werfity may procure the publifbing the reft of the ancient
maibematicians. It was the multiplicity of Dr.Halley's
avocations alone, that bindered bim for letting us bave
Pappus in the original ; on revifing which ufeful author
be bad beftowed pains equal to bis great knowledge and
Jagacity. ' .
And bere I cannot belp declaring the fatisfaction,
Myr. Robins always expreffed on obferving the progrefs
a true tafte for real geometry made in Scotland. The
mathematical [tiences bave indeed been well cultivated
by that learned nation. To a Scotchman, the Lord
Napeir, we are bebolden not only for the admirable in-
vention of logarithms . and their application te tri
gonometry s but alfo for other very valuable improvements
be bas made in that moft ufeful art, and probably bis ill
JSate of bealth hindered bis making farther difcoveries.
The incomparable James Gregory was likewife of that
country, wkofe rifing merit feems to bave given umbrage
even to the great Huygens T3 and whofe immature
death was an irreparable lofs to the mathematical world

* This learned perfon in his Artis logice Compendium defended
. Euclide from the objetions contained in a logic called /' Ars de
Penfer. + The Lord Napeir was not only the inventor
of the Syftem of Logarithms, publifhed by himfelf, but alfo the
author of that improved plan, which our countryman Mr. Briggs,
with immenfe labour, put in execution, though Dr. Saunderfon,
in his confufed account oflogarithms publithed in his Algebra,
§: 392, has fubfcribed to the miftake, firft propagated by Mr.
Wingate and commonly prevailing, that Mr. Briges contrived
his form; notwithftanding Mr. Briggs himfelf fays exprefly in
the preface to his Arithmetica Logarithmica, that the form of
logarithms, he computed, was communicated to him by the
moft noble inventor. 1 See their difputes in the years
1668, 1669, about the quadrature of the circle and hyperbola
in the Journal des S¢avans and Philofophical Tranfatiions, as alfo
in Mr. Gregory’s Exercitationes Geometrice. What was faid in
that traét feems to have filenced M. Huygess.
" for
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Sor which lofs, I bave been informed, Sir Ifaac Newton
wufed always to /bew very fenfible tokens of grief, when-
ever Mr. Gregory’s name bappened to be mentioned to
bim.

In the manner above recommended, were my friend’s
younger days employed in promoting the knowledge of
thefe [feiences s whafe aid is in fome meafure required for
eftablifbing even the firft foundations of civil fociety; as
the property of each individual of the community mufp
B¢ afcertained in mumber, meafure and weight.

Bafides, thefe [ciences bave greatly contributed to thofe
arts, whereby the enjoyments of buman life are rendered
more elegant and refined.

The [ymmetry neceffary to be obferved wbetber in reare
ing edifices for deferice as well as ornament, or in de-
lineating the forms of wiftble objeﬁ.v, is altogether owzng
‘1\9 thefe fciences.

ay, by thefe the very elements, whereby we fubfift,
are many otber ways rendered capable of [upplying our
wants and adminiftering to our pleafures.  Under them,
even mufick is ranked s as its various tones arife from
the different vibrations "made in the air, by the regular
proportions of which, concords are diftinguifbed from
difcordant founds. The influence of this art on the
buman mind, thereby polifbing mankind, bas been at all
smes celebrated and st bas been praflifed by the greateft
beroes of antiquity, both facred and profane; and the
oldeft fy ﬂem ‘of government and religion, we know of,
adopted it in the worfbip paid to the Supreme Being.

The firmament expanded on all fides over our beads,
whether illuminated by the [plendor of the fun, or
adorned with the milder lights of the moon and fars, muft
ever bave drawn the aitention of a mind capable of
reflefling : and thefe fiences, by affiduous ard careful
obfervations, bave enabled us to fettle the motions, and
20 account for and predifd the wvarious appearances of
the objects, we there defcry. Hence we detcrmine the
returns of the [eafons, on which agriculture depends

Ver. I a number



xviii PR EFACE

number and, as it were, fix the fleeting parts of time 3
and meafure, divide and compafs this globe, on which
we live. By tbye means we become, in fome manner,
familiar, not only with our contemporary fellow inbabi-
tants in far difiant climes; but alfo with thofe whe
exifted in ages Jong fince pafi. Thus the buman mind is
. kept clear of many extravagant and burtful prejudices,
svbich it would be too apt to imbibe, on oxr baving only
4@ [canty acquaintance with our own [pecies. And the
being able to determine the times, when eclipfes will
bappen, and the knowledge of the courfes of comets,
bave freed us from the terrors, that ufed to affright
whole nations, ignorant’ of the caufes of thofe once
alarming pbenomena. L

Again, from very trivial obfervations, by belp of the
mathematicks, bave been drawn mofft wonderful con-
clufions.

- The obvious property of the. common ballance, and
the floating of [olid fubfiances in fluids, bave given rife
2o a;t:, that bave produced magnificent and flupendious
works. v
 The broken appearance of an oar in the water, which

inflance, the academics in their idle difputations fo per-
tinacioufly urged againft the certainty of buman know-
ledge *, the matbematicians bave laid bold of, and
thence found out, mot only the manner wherein vifion is
performed, but bow to improve that faculty ; as alfo the
Surprizing properties of light, whereby objects are pre-
fented to us in fuch a beantiful variety of colours ; and
even determined the magnitudes of the particles in mat-
ter, that are difpofed to reflect or refract different co-
loured rays. :

From bodies being attracted by the earth (for they fall

2o it on every fide) bas been difcovered the law of that
power, to which all portions of matter, wherever placed,
do [ubmit 3 and bow thence the celefiial bodies are kept

_* Ciceron, Academ, L. iv. §. 7, 25.

-
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¥w their ordery und perform through the boandlefs fpace

- tbdr refpective courfes.  Hence the flyncture of the uni-

werfe offered 1o us in this view, wherein we bave learnt,

that its different parts, even the moff remote; are all
~ xouerned fo compleatly by one and the fame fimple princi-
Ple, muft infpire a juft and awful idea of its moft power-
Jul, wife and bencficent author 3 and banifo from our
minds every snworthy conception of bim, that fuper
Jrition and entbufafm may fuggefd. :
Befides thefe apparent advantages accruing to mankind
Jrom cultivating the mathematical fciences, the many
Jraps of piire veafoning, that are pome through in the

progrefs of Anowledge from the moft obvious affections of
wmagnitude to the admirable properties, that are now
difcovered, fince thefe fciences bave been fo bappily applied
to the fudy of nature, muft afford an exquifite pleafure
30 a mind dnly adapied for fuch refearches. And perbaps
in thefe mental fatisfaclions is to be Jound our [upreme
Jelicity. Bwt as we are of differest tempers, fo that
what delights emt, appears infipid to another 3 it is 1o
Jrequent a failing even amongft perfons of true learning
" and genius 0 overrate their own purfiits, and contemn
sbafe of others *. " But it is the bufinefs of experience
and reflexion 10 weon us of thefe unreafonnble prepoffef+

Jions, whereby we may become more cautious in paffing .
Y00 rafb a judement on [fabjelis peworally -allowed to be
Wfeful, and which we flight cbiefly ; decanfe we bave
not maigrely confidered them, ér perbaps bave wanted
talents to make fwch inquirfes. S
. 1t bus indeed ern freguens us all times even for wri-
ters, mot defpifing any dranch of learming, yet in praifing
the art, in which they excelled; to undervalue in fome
meafure that of otbers. Thus long dgo, though Cicero
1 many places of bis works fpeaks bighly in commenda~
#om of the mathematicks 3 yet at the beginning of  bis

* Eodem modo de Ariftotele et Ifocrate judico quorum uter--
ue fuo ftudio dele@atus contempfit alterum. Cic. Qfic. at the
beginning. '

: a2 treatife



X P RETFATCE

treatife De Oratore, where be would exalt bis own
profeffin, by foewing bow few bad attained perfection in
it, bas thefe words. Quis ignorat, ii, qui mathema-
tici vocantur, quanta in obfcuritate rerum et quam
recondita in arte, et multiplici, fubtilique verfentur ?
quo tamen in genere ita multi perfecti homines ex-
ftiterunt, ut nemo feré ftuduiffe ei fcientiz vehemen-
tius videatur, quin, quod voluerit, confecutus fic.
And but the other day a moft celebrated author, who as
yimes bas treated the matbematicks very civilly ; yet in
Jetting forth the difficulty of bis own bappy talent, bas
thought fit to fay ; il eft aife d’apprendre la trigono-
‘métrie *. But thefe writers bave not in this cafe, as
they ought, taken care in making tbefe forts of compari-
" fons, to diftinguifb between fuch, as bad acquired &

knowledge only in thefe arts, and fuch as bave produced
difcoveries. There bave been but few Archimedes’s
and Newtons : though it may not be difficult to under-
Jiand trigonometry 5 it is not fo common to make real and
elegant improvements in that, or in any other branch of

the mathematicks. . .

- In thus apologizing for my friend’s profeffion, I would
‘w0t be underfiood not te entertain a due eficem for otber.
parts of lsarning, or in the leaft to place the.mathema
bicks in competition with them. -

After what bas been faid, it would be needlefs to take
notice of fuch, as without any tafte, and being wretched.
reafoners, bave [poke with contempt of the matbematicks.

Thus Jofeph Scaliger, when conviéied by Clavius of.
she grofs parallogifms, be bad committed in attempting
1o fquare the circle, not only abufed bis monitor, but bis.
vanity rendered bim ridiculous enough as to affert pree-
clarum ingenium non poteft efle magnus mathema-
ticus 1 5 and on a like account this felf-fufficient critick,
Syled our all'accomplifbed Sir Henry Savile, un certain.

* Preface to a comedy called Le Caffé ox PEcoffaife, p. ix.
printed in 3760. 1 Scaligerana article Clavius.

orgueilleux
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orgueilleux fot *. But that learned knight, who kad
been thoroughly acquainted at Paris with Scaliger’s

Jaslings in point of reafoning, afterwards gave bis real

charaéier in bis Prelections on Euclide +.

From the above weakneffés of mind Mr. Robins.

Jeemed to be exempt by nature ; baving been endued with
a capacity fitted for very different [peculations. Hence,

though be profeffed teaching the matbematicks only, be .

would however [fometimes affif pariicular friends in
other parts of knowledge s for be was well qualified to
point out the real beauties of writers in all forts of po~
lite learning, and alfo the excellenicies in the performances
of great artifts, as bis tafie and judgment were not

limited to a fingle fubjet alone, but extended equally to -
biftory, oratory, poetry, mufick, architelture, [culpture,
painting, and works of genius and inyention in every

kind. ,

Noswithfianding be was thus fraught with variety of

knowledge 5 be mever made any ofientatious ufe of its
bis converfation being always lively and entertaining,
generally on gay and joyous fubjeils, without the leaft
mixture of pedantry or affeflation of any fort. How-
ever, when a proper occafion prefented, be could explain

' bimfelf on the moff abfirufe points with great clearnefs
and firength both of reafon and expreffion. -

But the confinement in bis profeffion not fuiting with
bis altive difpofition, be gradually declined it, and went
into other courfes of life, that requived more exercife s
for which be was fitly adapted, as being of & middle
Satyre, well made, and not corpulent. ~Hence be tried
many laborious expeximents in gunmery ; believing the
‘refiftance of the air had a much greater inflience on
[wift projectiles, than was generally fuppofed. Hence
be was led to confider tbo)/’e mechanick arts, that depended
on mathematical principles, wherein be might impley big

® Scaligerana article Cafaubon. - + Le&. ii. p. 23,
Le&. iv. p.73. and Le&. xii. at the end, . o
v a3 : invention §



xxti P R E F A C E.
invention 5 as the confiruciing of mills, the building of
bridges, draining of fens, rendering rivers mavigable,

- . and making of barbours. In which inquiries be re-

ctived confiderable advantages from a very early acquain-
tance with William Ockenden, Efg; who bacing a
peculiar genius forj[uch Jpecu:ations, and a meft intimate
Jriendfbip always fubfiiiing between themy they mutually
tmproved each other by a conflant communicaticn of their.
thoughts and chfervaiions on thefe fubjelts. '

Amongft other arts of this kind fortification very
much engaged Mr. Robins's at:ention; wherein be met
with opportunities of perfefiing bimfelf by the view of
the principal firang places of Flanders, in fome journeys
‘be made abroad with perfons of diftinétian and for-
fune. »

. On bis return bome from one of thefe excurfions, be
Jound the learned bere amufed with a treatife, written
exprefly againft the marbematicians, intitled The Analyft.,

- Phis was the produilion of Dr. Berkley, bifbop of
Cloyne; who bad been long famous for vain and me~
tapbyfical paradoxss; and bis objesiions to Sir lfaac
Newton arofe chiefly from bis not underfianding the
writings of that great man. '

M. Robins tbherefore was advifed to clear up this
.effair, by giving a ful! and diftinét account of Sir aac
Newton's doérines in fuck a manner, as to obviate all
the objeions, without naming them, that bad been
advanced by the author of the Analylt; fo that
there meed mo recourfe be bad to the bifbhop’s book
2o underftand the fubject, and alfo that be bimfelf,
if polfible, might fee the weaknefs of what be bad,
with fuch an air of affurance, urged ; accordingly
Mr. Robins printed in 1935: A -Difcourfe con.
cerning the Nature and Certainty of Sir JJzec Newton’s
Methods of Fluxions, and- of prime and ultimate
Ratios. : .

Tbis fmall tralt is admirable, on account of its clegre

wefsy brevity, and fifengtb of expreffion. .
L Pt ™ Towardy
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Towards the illufirating the nature of fluxions, it is
there at the beginning obferved, that as the fluxion of a
~ line is the welocity or degree of fwiftnefs of a point
defcribing in its motion that line s fo the fhixions of
Jurfaces and folids may be expreffed by the velocities of
points defcribing lines, that increafe proportionally with
thofe quantities.

Next the fundamental properties of fluxions are
demonfirated after the manner of the ancients in the
moft rigid form; and it is fbewn bow to apply them
o the determining the tangents and areas of curves.
Then is given a full and clear account of the feveral or-
ders of fluxions, or the wariations in the velocities of
increafing and decreafing 5 and the ufe of fecond fluxions
is illufirated in the inveftigating from.a new confideration
the curvature of curves. As bere in demonfirating.
the fluxion of a power Sir lfaac Newton’s Binomial .
Theorem is introduced ; fo in the Prefent State of the
~ Republick of Letters' for Octtober 1735, there is -

publifbed a demonfiration of it independent om that

theorem. - __—

After follows a very diftinf? relation of Sir Ifaac
Newton’s method of prime and wltimate ratios, and
bow it may be applied to the purpofes, for which it had
been fhewn, fluxions might be ufed ; and there is given
anotber new way of determining the curvature of
curves. Here is fully made out the connexson between
this method and that of the ancient geometers, called
exbauftions 5 o that it may be of no fmall fervice to

youmg mathematicians, for their more ready perceiving thé
Sorce of the demonfirations in the Principia. -
. The laft part illuftrates Sir 1faac Newton’s way of
computing the fluxions of quantities ; concluding with an
explanation of wbhat be bad delivered concerning their
Monienta. And this particular is [till farther pro-
" fecused in the abovementioned journal, o
 Notwithftanding this traét tas- written with pbe
8reatefs perfpicuity, compleatly explaining the gemuine
a4 - Jenfe
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Jenfe of Sir lfaac Newton’s dofirines 5 yet there were
Sound fome, who were not fatisfied with what Mr. Ro-
bins bad publifbed. - .

And this was the lefs to be wondered at y finve many
of our matbematicians baving firft learnt to apply the
computations of this method to geometrical figures from
"the Marquis de PHopital’s Analyfe -des infiniment
petits, they were infenfibly infecled with the principles of
tnfinites followed in that bock.

One amony$t thefe, who under the name of Philalethes
Cantabrigien(is, bad on this wrong foundation under-
taken the %efence of the mathematicians againf? the author
of the AnalyR, continued to maintain bis miftaken re-
prefentation.  This induced my friend to write two or
three additional difcourfes s which, as they may poffibly
contribute to the eafier apprebending Sir I{faac Newton’s
genuine meaning, I have bere reprinted. The [ubfe-
quent peevifh and ungentleman-like fhifts, Philalethes

- condefcended to, rather than acquicfce in Mr. Robins’s
Juperior knowledge, I would gladly bave paffed over in
Jilence 5 bad not 1 found Mr. Robins bighly blamed by
M. de Buffon, in the Preface to a French tranflation
of Sir Ifaac Newton’s Method of Series and Fluxions.
1 bave therefore endeavoured at a vindication of my
Jriend. * But as tbis would now carry me too far from
the defign of the prefent preface, I bave given it with
-ather things in an Appendix to the following trafis.

In 1738 be defended Sir 1faac Newton againft an
objetiion contasned in a note at the end of a trait in
Latin called Matho five Cofmotheoria puerilis, wris-
ten by one Mr. Baxter, who bad before publifbed no
Jmallvolume concerning the foul ! But what ought we to
tbink of this man’s capacity for reafoning, who could
mnot fee bis error in a matbematical fubjei, though it
bad been fo plainly [bewn bim s as we learn by an en-

- larged edition be afterwards made of bis Matho in
_Englifh, that be fill perfevered in bis miftake? d
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And indeed the world bas never :wanted prefuming.
men, that fancied themfelves able 1o difcufs inexplicable
points 5 yet when they bave attempted fuch as are capa-
le of demonfiration, they bave manifefted their deficiency
- imreafoning.. It is truey the greateft genius may through
inattention fall into parallogifms even in geometry. But
~ bere lies the difference.  The one on the leaft bint given
of fuch a flip, readily of bimfelf rediifies it; but the
other, if you offer to fet bim right, only flounders on in
bis errors, being not able to comprebend the force of your
objestions however clearly urged, nor at length even bis
own meaning, baving never kad a juft idea of the fub-
Jeé? be unadvifedly undersook.

Mr. Robins printed in 1739, Remarks on M.
Euler’s Treatife of Motion, and on the Compleat
Syftem of Opticks, written by Dr. Smith, the prefent
worthy mafter of Trinity-College in tbe univerfity of
Cambridge ; as alfo on Dr. Jurin’s Difcourfe of
diftin@ and indiftin&t Vifion, tbat was annexed to
Dr. Smith’s work. : , '

One purpofe of this piece is to fhew the errors ma-
themasscians are liable to, by implicitly adbering to their
algebraical calculations. The latter part is written after

* @ free manner 5 for which the autbor in bis preface bas
given bis reafons.  This alfo, as well as the difcourfe on .
Sfluxions, occafioned on the fide of Dr. Jurin a contro-
verfy, which might bave proved of long duration ; bed
it not been cut fbort by Mr. Robins being then called
20 & publick employment. , o

As all the trafls, to which be put bis name, werée
confined to the matbematicks 5 the clearnefs, brevity and
elegance, wherewith they were compofed, could be judged
of but by a very few, and indeed perfeltly only by fuch,,
as were not unacquainted with the writings of the ancient

- geometers.  But in fome anonymous pieces, be publifbed
on-more popular fubjelis, greater numbers were [enfible
of the force of bis reafoming, the jufinefs of bis de-

‘ _— . _ . Jersptions,
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- [feriptions, the beanty of bis expreffions, and the barmony
of bis periods. : ‘

In the year 1739 there came out three pamphblets,
which acquired bim great reputation, though they were
written very bafifly; as the incidents, tbat-occafioned
them, were fudden and urgent.

The firfk was intitled, Obfervations on the prefent
Convention with Spain. Here the [pecious veil, with
which fome bad endeavoured to cover the meannefs of this
tranfaction, was entirely removed 3 and all the invincible
arguments againft it fet in - the fironget light, which
wery arguments were afterwards made ufe of, when it
became matter of debate in parliament.

The fecond was called, A Narrative of what paffed
in the Common Hall of the Citi2ens of London aflem-
bled for the Elettion of a Lord-Mayor. This, though
compefed indeed on a lefs momentous affair, yet contained
in it furprifing firokes of true oratory.

The third was written on the following occafion.
Many eminent patriots, as they weré then fiyled, upon
the [aniiion given by the Houfe of Commons to the
Spanith convention, notwithfianding all their weighty
Jpeeches and reafons againft it, became fo difgufied, that
they took a refolution from that time of mot attending the
bufinefs of parliament 5 which proceeding, called a
. Jeceffiony was bighly refented by the other fide s and
the feceeders as length returned as ufual to their feats in
the boufe. This defellion being by many deemed rafb,
Mpr. Robins was requefted to write an apology for it.
The pampblet be compofed was delivered to a principal
perfon concerned, in order to be tramferibed, and the
original defiroyed, the bester o conceal the real writer 5
whofe condition in life might not be able to fecure bim
Jrom the refentment, the freedoms taken in it, might
proveke. After fome alferations te [often -matters
were made, and a preface prefixs, of both which Mr.
Robins: was meitber the autbor nor approved 3 it was at
kngth publifbed under this title: An Addrefs to the

' : , , EleQors

1
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Eleftors and other free Subjeéts of Greaz Britain,
occafioned by the late Seceffion. In which is con-
tained a particular Account of all dur Negotiations
with Spain, and their treatment of us for above ten
Years paft. :

This tralt, though by the abovementioned alterations
in & manner disfigared, was univerfally eficemed, and
for feme time, as well as the Obfervations on the
Convention, generally reputed to bave been the produc-
tion of the great man bimfzlf, who was at the bead of
the oppofition to Sir Robert Walpole 5 dut it proved
of fuch confequence to M. Robins,. that it occafioned
bim to be employed in a very bonourable pofi.  For the
patriots continually gaining ground, and at length a
majority ; Sir Robert was upon this turn of affairs
advanced, for bis better fecurity, 1o the peerage, by she
title of the Earl of Otford. Howevery,a committee of
the Houfe of Commons being appointed to examine into
bis lordfbip’s paft cemdusl, Mr. Robins was chofen
their fecretary. oo

And bere be exbibited confiant proofs of bis fitnefs for
this imporiant ftationy in taking down very readily and
perfedlly the examinations made before the commitiee 5
which was no eafy tafk, as the perfons examined were
weil verfed in fecret tranfallions, and greadly interefied,
that the real truth fbould not be come at. After the
committee bad prefented two reports of their proceedings,
& fudden fop was put to their farther progrefs by a com-
promife between the contending partiess and moft con-
cerned were gratified either with bonours or places except
the fecretary, which fomé attributed to bis baving been.
too fincere in the affair. However, in 1742 the [econd
report olandeftinely came abroad, and. was- much ad-
mired. - :

Thus Mr. Robins being ggain at leifure, printed the
Jame year a fmall treatife, entitled New Principles of
‘Gunnery, containing the refult of many. experiments be

- bad made, whereby is difcovered the force of ganpmd;ré
. é
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and the difference in the refifing power of the air to
Swift and flow motions 5 whence it plainly appeared,
that the oppofition of that medium to bulless and fhells
Jbot from cannon and mortars far excceded, what was
generally imagined 5 and that the track defcribed in their
motion differed from that of a parabolical line to a de-
gree undifcovered by any, who bad written exprefly on
the fubjedt from the days of the famous Galileo o the
prefent time.

Sir Haac Newton indeed, as Mr. Robins obferved *,
was very [enfible of the effels of this refiflance ; and
bas propofed bow to affign in particular cafes a curve of
a different fpecies from the parabola, as more anfwerable
to the projectile’s motion +. Nor was this great man
wholly unapprifed of the increafe of refiffance both from
the rotatory motion of the moving body, and alfo from
the preffure of the fluid on the body, becoming by its mo-
tion greater on the fore part than on the binder 1.

The trat of Mr. Robins was preceded by an account
of the progrefs modern foriification bad made from its
- firfrifey as alfo of the invention of gunpowder, and
of what bad already been performed in the theory of
gumnery.

* Preface, p. §1. + Princip. Lib. 1L Prop. x.
3 Ibid. Prop. x1.”in the Schol. in the Remarks on Experim. 12,
Amongft Mr. Robins’s memorandums is the following paflage,
which feems as intended to have been inferted into a preface to
his difcourfes, that had been read before the Royal Society, and
which he was about publifhing. ¢ Since what I wrote in a former
« treatife on this head, I find Sir Jfaac Newton had confidered
¢ this, though not in the prefent inftance ; for in fpeaking of
¢¢ {ome conjeCtures he had made on the feparation of the colours
¢ by the prifm he adds,”—1 remembered that I bad often feen a
tennis ball, firuck awith an oblique racket, deferibe a curve line.
. For a circular as awell as a progreffive motion being communicated to
it by that firoak, its paris on that fide, where the motions confpire,
mxzﬂ prefs and beat the contiguous air more wiolently than on the
ather, and there excite a relultancy and re-aftion of the air pro-
portionably greater. Philofophical Tranfagtions, N® 8o. p. 3078,
Feb, 1671-2.

This
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This was well received by the publick, and, it was
thought, would bave procured the author proferment ;
#f be never bad been fecretary to the fecret committee. .

Upon a difcourfe containing certasn experiments being
publifbed in N° 465 of the Philofophical Tranfattions,

- in order to invalidate fome particular opinions Mr. Ro-
bins-bad advanced , be thought proper, in an account be
gave of kis book in the fame Tranfalions, N° 469, to
sake notice of thofe experiments. And in confequence of
this, feveral differtations of bis on the refiftance of the atr
were read, and the experiments exhibited before the
Royal Society- in the years 1746 and 1747 5 for which
be was prefented with a gold medal. . SR
~ On that occafion My. Folkes the prefident addreffed
the Saciety and My. Robias, as follows.. .

. GENTLEMEN,"

- The curious and valuable experiments, which
have lately been made - before you, hy .our very
worthy brother of the Society, Mr. Benjamin Robins,
concerning the refiftance given by the. air to bodies
in motion ; particularly to military projetiles, and
fuch others as are made to pafs through that medium
with great velocities; could not efcape the attention
of my honoured predeceflor, your late: prefident,
Sir Hans Sleane : who in his prefent retirement from
bufinefs, ftill applies himfelf with unwesried dili-
gence, - to all forts of learned and philofophical
enquiries. - e o

He has ftill the fame concern for the profperity
and for the honour of this body : and the knowledge
and information he daily receives of every thing re-
markable that pafles amongft us, or that is com-
municated to us from without, affords him no lefs
fatisfaction, than when the weight of fewer years,
and a more.vigorous :ftate of health, allowed him
to give fo conftant and fo regular an attendance

2 , at
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at our meetings, during fo long a period of timé,
and through the feveral offices he has held in the
Society. : .

As | fay the before mentioned experiments could
not efcape his notice, fo neither would he let
them want the fanction of his own approbation: and
he has therefore this year, as the {urviving executot
of the late Sir Godfrey Copley, nominated Mr. Robins,
to receive the annual prize medal of gold, beftowed
by the Society in confequence of Sir Godfrey’s bene-
faction. , o ,

I accordingly, at a late meeting of your council,
acquainted the gentlemen there prefent, with this
sppointment-: who weére unanimoufly pleafed to ap-

“ prove of the fame, and to put into my hands a medal,
upon which, according to their order, I have caufed
Mr. Robins’s name, and the date of the prefent yeat
to be engraved. o _

It is from thefe experiments, and from thofe others
which Mr. Robsns is ftill preparing to exhibit, that
we may expect to fee compleated the whole, and the
true theory of projectiles. What Galileo and Joryi-
celli, who firft demonftrated the motions of thefe
bodies i vacwo, knew to be ftill wanting in their

theories, will hereby be fupplied : and thefe particus

lars will at Jaft become known, which they withed
that future obfervers would make deligent and care-
ful experiment about. ~ ' -
. The great Sir Ifaac Newson, who did fo much
honour, when living, not only to thM Society, and
to this chair ; not only to this country, and to the -
age he lived in, but to the world in general, and to
human nature itfelf: rhis great man, I fay, in his
admirable Principia, inveitigated the laws of the rea
fiftances made to Bodies in motion, during their
paffage through the air and other fluids, and, thofe
upon different theories, and upon different fuppofi-
tions. He alfo made experiments upon the refiftance
: given
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* given to funipendulous bodies in their ofcillations,

and to others in their fall, which he caufed to be
dropped for that purpofe from the higheft part of the
cupola of St. Paul’s church: but he never had the
opportunity of making trials, upon thofe much

greater refiftances, that fhells and bullets are im-

peded by, in thofe immenfe velocities with which
they are thrown from military engines. -

And hence it has come to palfs, that fucceeding
writers, even thofe of the ,ﬁrlg clafs, and who are
the moft juftly diftinguifhed by their great know-
ledge and abilities, not fufficiently attending to the
true theory of thefe motions, have been of opinion,
that in large fbot of metal, 1bofe weight many thoufand
times furpaffes that of the air, and whofe ferce is very
great, in proportion te the furface wherewith they prefs
therean, this oppofition is fcarce difcernable, and as fuch
may, in all compytations, concerning the ranges of great
and weighty bombs, be very [afely negleéied.

* This is one of thof€ principles, which the learned
gentleman, who favoured us with thefe experiments,
very particularly propofed to examine, and that both
theoretically and pradtically ;. and he has.accordingly
fhewn, by a feries of - the moft curious and moft in-
genioufly contrived experiments ; if not the abfolute
quantities of thefe refiftances in all cafes, at leaft thac
they are enormoufly great, much beyond what any
former theories had afligned, and fuch as are abfo- -
lutely. neceffary to be confidered in all ftrict reafon-
ings concerning thefe matters : particularly, as they
in fo remarkable a manner curtail and-diminifh the
great ranges of all forts of cannon and mortar4
pieces. o

He has alfo by the way had occafion to take notice
of feveral new, and furprifing phenomena attending’
thefe forts of motions : fuch as tht different refift-
ances, that are given by the fame medium, to one
and the fame body, when put into motion wi}:hi

the
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the fame velocity, and when prefenting to the re-
fiting medium, the fame or.an equal fuperficies, but
only in a different direction. .
Mr. Robins has yet farther puthed his trials, to
certain deflexions, hitherto eptirely unconfidered, of
bullets and other projectiles from the vertical plane
in which the fhot is made : and which he has with.
great fubtiity accounted for, from a rotatory motion.
that bullets accidentally acquire about an axés: and
as a confirmation of his theory, he has in-many cafes
been able either to prevent this deflexion, or to direét.
it fuch way as he tEought proper.
The laft particular I fhall here take notice of, is a
moft extraordinary, and aftonifhing encreafe of the.
" refiftance,. and which feems in a manner to take.
place all at once, and this when the velocity comes
to be that, of between eleven and twelve hundred.
feet in one fecond of time. This encreafe however-
only concerns the abfolute quantity of the refiftance,.
the law of it continuing in other refpeéts nearly the
~ fame as. before: and it is remarkable farther, that
the cafe wherein this -encreafe of refiftance becomes
obfervable, is that, wherein the velocity of the {hot,
is at leaft equal to that velocity with which founds
are propagated : whence Mr. Rodins has with great
fagacity offered his reafons to believe, that in this
cafe the air does not make its vibrations fufficiently
faft, to return inftantaneoufly into the place the bul-.
let has left; but that the bullet then leaves a vacuum
behind it ; whereby it becomes expofed to the whole
refiftance, the body of air before it is capable of
ving.
& Should I but barely enumerate all the particulars
in thefe experiments, that have appeared to myfelf
both curious and inftruétive, I muftt by far exceed
the bounds, that.can reafonably be allowed me on
the prefent occafion. I fhall therefore only add,
that as I cannot fufficiently admire the elegance at}:d
' the:
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the nt, with which the gentleman’s experi-
menzlﬁﬁ?: been contrived and ‘conduéted 3 fopt:ei-
ther can I enough commend the laudable and in-
“defatigable pains he has taken, in making fo very
many experiments himfelf, and in tolleQing alfo fo

many. others from elféwhere; all which he has de-
duced fuch computations from, as might enable him

to compare the fame with, and thereby to confirm
and afcertain his theories,

My. Rosins, ‘

Itis now, Sir, with the greatelt fatisfaction that I
can affure you of the high efteem the Royal Society
have for you, and of the juft value they fet ufon

our very curious and ufeful communications. It is
zy their command, and in their name, that I put
into your hand this faithful token of their regard :
in which you will not attend to the fmallnefs of the
gift, but confider it as it comes from a Society, nei-
ther abounding in fums of filver or gold, not pur-
~ fuing or coveting worldly riches, but the improve-
ment only of philofophical knowledge. You will
pleafe therefore in fuch a light to accept this medal,
and in fome fort to compare it ta thofe crowns, that
were giveh to eminent perfons, in the firft ages of
fimplicicy of the ancient Grecks; and which although
enly wreathes of olive, or even garlands of grafs,
were not on that account the lefs efteemed by thofe
-upon whom they were beftowed, as they were fill
authentic teftimonials, of the inoft exalted virtue,
and of the moft diftinguifhed merit.

As thus Mr. Robins’s experiments amd thevries met
twith the greateft approbation from the beft pudges bere 3
Jo the trat be bad publifbed on thofe fubjesis did bim
wuch bowpur abroads for the famous M. Euler sran/-
lated it smo High Dutch 3 accompanying this fmall
' VOL. l- b Pf"ff
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piese. with an iwmenfs commentery s awd bYfldwing
praifés en it, yet nof withoyt atbempting 1o difcover
ervors:  This was printed at Betlin in 1745, end
‘M. Robins foon after informed me, that M. Euler’s -
primcipal objeidions arsfe from wmiflakesy the fource of
© awhich baving found eut, be intended to publife an an=
Jwer 5 but from that time continyal inserruptions pre-
wented bim. N

It bas alfo been tranflated into French by M. Le
Roy *; and it is often mentioned with applaufe in the
Literary Fournals of Europe +. The authors of omé
of them in giving am account of M. Du Hamel’s
experiments ou the fame fubjels, add—il nous expofe &

tte occafion quelques experiences trés-curienfes
gites par d’autres phyficiens particuliérement pag
M. Robins, que I’Angleterre comptoit au nombre
de fes plus grands gfometres, mais que la mort Jui
enleva il y 2 déja quelques années 1.

The reputation, be jultly acquired by this performance,
Wiade @ foreign profeffor of the mathematicks, when in
- London, pay bim a vifit; aud bis die’ez}/ar M. Robins

was by that intervipw greatly improved, infomuch tbat
on bis veturn bomey be commended M. Rabins Jo effecze-
&y 10 the late prince of Qrange, that be was invited
eer to affift in the defence af Berghen-op-Zoam, zbex
invefied by the ¥rench ;. and be did accordingly fot
'gg@ far that places but 5t was énsered by she befiegers,
September 16, 1747, j4b after bis arrival in the

.
v

Dutch army. - .
As My. Robins bad at this time no opportunity of

. Joewing bis [kl in military affasrs; [o Jome years befove
be was difappointed in bis bopes of [erving thet way bis

'® Memoir: de ’Academie des Scientes at Paris, for 1751,
P 4s- + Journal des Scavans, Mai 1743. Nov:
Afta Erudit. Maii 1746. Mem. de ’Acad. des Sciences a Paris,
- 1750. p. 1. Mem. des Sciences & Belles Lettres a Berling
A;ln 1755, Po 3O4e § Jourmal des Sgavans, Jaa.
17§5¢ - :
¢ i
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" bam country. For in 1944, Lord Cathcart was to g
O @ a fecret expedition, which was generally believed to
”,1 be intended againft the Havanna, ~ And M. Robias
" baving bad a manufoript plan of it; drawn apon th¥
Y fpat with greas exalincfs, giveR to bim by fome of bis
¥ friends, immediately applied Bimfelf 20 comfide¥; bow
t “the fiege of this city, wew delineated before bim, might,
beft be attempied § and by great pains in inguiring ﬁ;’
wumberlefs perfons, who bad been there, ot fuch ine
formation, . as enabled bim to write ¢ very accliratt
fehenie for the conquef of that important forirefss i
i cwbich Jcheme, after baving deforibed the circumjavent
' vountry, and pointed osit the properef place, wheré thi
S troopt might land, be then fet dowm a very partithiol,
U @ccount in whal manncr, they oyght te proceéd fep by
: fiep through all their atlacks, firft agaisf vbe Moor-
b caftle, ﬁnj then againft the body of the thwmitfelf. -
This fcheme, together with the manufeript plak juff
' mentioned, M. Robins prefented to Lord Lathcart
wot witbeat bopes, that bis Lordfbip would thereby be
énduced to allot bism g fhare i the execution of an enter-
prize, be bad fo fully miarkt out, as hérdly to smit &.
. fingle cixcimpPance; that flood in need of explanation i
dut bis expeflations were olally diﬁf;'iaimd 3 for sot-
withfianding the prefens was recesved with great reads-
#efs, and many encomiums beflowed upon the compleat-
© mefs of the performance, yet bis Lordfbip was quite filent
with regard to engaging bis perfonal afffiance. Many
peaple then judged ihis coldnefs to proceed from My.
Robins baving besn attached tv the wrong fide of poli
tical party s but time foon difcoveréd Carthagend, and
not 1be Havannd, 0 bé the gieat okjécl of that unfu
eefsful expedition. ) o
Some years after this difappointment, M¥. Robitd
bad the goed forsune to be emgaged in a work, thot
proved of more confeguence to bim, thun &li be bod
-bitherto -svrittan.

- . B2 b
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In 1741, Mr. Anfon, (mow Lord-Anfon, and at
‘the bead of the Admiralty, when our fleets carry terror,
wherever they appear) as commodore in the Centurion

. man of war, accompanied with other [bips, began bis
awyage round the world, which though by difafters bad
xot all the fuccefs, that might bave been reafonably ex-

" pelied 5 yes under this great commander were produced

“many brave and filful officers, who at prefent do fo
much bonour to the Britith navy. Of this viyage the
publick bad for fome -1ime been in expeclation of feeing
an account compofed under bis Lordfbsp’s own infpettion.
For this purpofe the reverend My. Richard Walter was
employed, as baving been chaplain aboard the Centurion
Jor the greasefp part of the expedition. Mr. Walter

" “bad accordingly almopfinifbed bis 1afk, baving broughs

it down $o bis own departure from Macao for England ; -
when be propofed to print bis work by [fubfeription.
Then Mr. Robins: being recommended as a proper per-
on for reviewing it 5 on examination (notwithfianding
_ the fhortnefs of the time, that could be allowed for fucb
an undertaking) it was refolved, that the whole fhould
be written entirely by Mr. Robins ; whbat Mr. Walter
bad done being, as.Myr. Robins informed me, almoft il
faken verbatim from the Journals, was to ferve as ma-
serials only. And upon a frilt perufal of both the
performances, I find Mr. Robins’s to contain about as
much matter again as that of My. Walter ; and indeed
she introduclion entire, with many differtations in the
.body of tbe book, were compofed by Mr. Robins, witbout
-baving received the leaft bint from Mr. Walter’s manu-
" feript 5 and what be bad thence tranferibed regarded
~biefly 1he wind and the weatber, the currents, courfes,
bearings, diftances, offings, foundings, moorings, and the
qualities of the ground they ancbored on, with fuch par-
-ticulars, as generally fill up a failor’s account. So this fa-
" mous voyage was compofed in the perfon of the Centurion’s’
chbaplain by Mr. Robins in bis own fyle and manner.
Of this Mr. Robins’s friends Mr. Glover and My.
- . Ockenden
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Ockenden are witnefles as well as myfelf, we baving.
compared the printed bookwith Mr. Walver’s manufeript,

And this was at tbat time no fecret, for in the coun~
terpart of anm Indenture mow lying before me, made
between Benjamin Robins, Efg; end John and Paul
Knapton, bookfellers, I find, that thofe bookfellers pur-
chafed the copy of this book from Mr. Robins as the
Jole proprictor, with no other mention of Mr. Walter,
tb::” & provifo in relation ta the fubfcriptions be bad
baken, :

Thus as many of Mr. Robins’s finaller picces came
- abroad without @ name ; [o this larger volume was
printed in the year 1748, under that of anotber. But
though Mr. Walter’s appears in the fronti[picce; yet -
Mr. Robins was fo well underfiood bere so ba the
. principal author, that be was univer[ally congratulated
on its fuccef[s. And indeed no produclion of this kind
ever met with. a more favourable reception from the
publick 3 feur large editions were fold off in lefs than'
a twelvemonsh 5 and it bas been tranflated into moft of
the languages of Eurepe; and it fill fupports its re-
putation, ‘it being this year, 1761, printed bere for the
ninth time *. .

Though the beauty of the original cannot be fully
pereeived by a foreigner, yet the Fournals abroad bave
Spoken of it with great applaufe. The autbors of one
of them declare—aufii croyons-nous avec lui que for,
ouvrage eft trés-fuperieur a tous ceux qui ont paru
dans ce genre; and on mentioning the fu_;e:i s.of the
mariners in one part of the navigation, shey fay,—La
peinture de ces divers accidens eft fi forte & fi vive,
qu’elle porte Peffroi 8 la commiferation dans I'ame des
leGeurs. ' #vd M. &*Alembert in bis Difquifition on
the figure of the earth, recounting the voyages, that bad

® The fifth edition at Londbwin 1749 was feviféd‘and‘cor;e&ed _
by Mr. Robins himfelf. , + Journal des Sgavans.
!anv. 1750, : . .

‘bz ke
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poen mads round it, fays, En derniere licu te voyage
a été fait par ’amiral Anfon, dont on a imprimé Ia
selation fi intereffante et {i curieufe *,
. We are alfo 10ld + that in a treatife publifbed at
Paris in 1756, intitled Hiftoite des Navigations aux
Ferres Auvftrales, there are extrafls from*it 5 and
accordingly the antbors of the Memoires de Trevoux §
in their agcount of that Collection, after baving duly
sommended twa famous verages § to thofe parts, add,
ghat jn them,—on ne fent pas cette chaleur d’imagma~
sion, cette vivacitié de ftyle, qnii- earadterifent Phif-
spife de I'expedition dont fe chargea amiral Anfon
en 1741~—Richard Walter, chapelain du vaificag
smiral, qui a £crit la relation de ce voyage, y peing
wre flotte qui s'embarque- avee aliégrefie, qui vogue
avee les plus hautes efpéranges, et qui au Détroit de
Ya Maire, et m¢me 2 l’entrée de la Mer Pacifique,
veit la fortune dont ¢lle fe repaifioit s’evanpuir dany
le fein des plus affreux defaftres.——Tout ce que l'un
et J'autre ¢lément peuvent offrir de plus riant et de
lus effrayant, fe rencontre fous ld plume de Waltes
¢ varie agréablement fes curieufes obfervations fuy
la gfographie, la phyfique et la navigation.
- 1 bavechofe to fet dewon rather thefe forejgn tefiimonies
do the advamtage of Mr. Robins's performance, than te
enlgree myfelf in its. commendation 5 fince the inviolable
Jwiendfbip, that is well known to bave fubfified above
Haenly, yedrs berween us, may be thought o influsnce
. 0N, o ' N
;@m Robins, thus becomiug fomous for bis ability in
writing, was veyuefled to compsfe an apology. for 1he
anfortunate affair at Prefton-Pans in Scotland.  Tibiy
was prefii as ¢ profgce bafere the teport§, that way

. % Encyclopédie, Tom. vi. p. 75a. + Journ. des
$cavans, Odtob. 1757. 1 fan. 1758 I Thofe
of Mefl. Frazier and Lofier-Bouvet. § 'This is intitled,

¢ Report of the Procecdings and Opinion of 1be Board of General

©Qffciry
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Publifbed of that tranfastion, and this ptefice i efrdmed
a mafer-fiiece in ity kind.  For there the movermehss of
#bé Erglith and of the Highland grmies are diferibed,
theé pifiure of 1he toyntry drawmy and the advaiitages
wnd difadvantiges of gtound pointed out with fuck foree
#nd perfpicaity 5 that I bave beatd good judges fay,
¥bey lookéd on i1y as one of the bef written picces in ogr
langnage. And. ipdeed its autbor was very ¢
of adapting bis fyle 10 wariety Of fubjefis, whethér
t4ve of of @ Jsyous Aasure < fo that bis immdiure death
us déprived vs of inany excellent works, be might bave
Ssherwife publifhed ]oé Yery different kinds. :
- Héncéforicard Mp. Robins bad opportunitics of
Miking farther experiments.in gunnery; by the favonr
of Lord Anfoti s ibe tefult of fome of them is declared
n thé Difcoxrfesy I bere publifp from the author’s
Paphs. | . o
? HE alfo ot & Bnie contrsbuted to the improvemeiits
_made in the Royal Obfervatory at Gréenwich, by uffug
Bis interefs with sbé [ame tioble perfon fo procure a fEtond
tuural quadrant, and other infiruments, wherehy this
Obférvinlory is become perbaps ibe compleateft of anmy in
1he worid.  The noto mural quadrant, which was af firfd
defisned for obferiing totvards the north, being [ill of

‘ot d exquisfite torkupdn/bip than the former, is accamma-

@aTed for obferisations towards the fomh. This obferva-
101y foort became famous from My, Flamftead’s obferva
diond bepig’ found 16 be the thoft accarase of any tade at
that ime by éfbers, /And wbat may we not expect from
» Ao 5 fiste its prefems worthy poffeffor, the revérénd

Dr Biad\dy, #s Hot more remarkable for bis fingislar

exdetnefs in obferving, thaw for bis great bumanity in
Commurieatiny bis obfervations to [ush, as qre likelydo
make & propér wfe of themd ,

Offcers o fbisr Bxamiaation inte the condul of Lieutenant Geneval

- §ir John Cope, Knight of the Bath; Coloel Peregrine Lafcelles,
tfe. Londow printed in 174q. A

-

b4 - Mr.
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© Mr. Robins's reputation being now arvived at itg
Jull beight, neither bis backwardnefs in pufbing bis for<
tune, tiat confiantly accompanied bim, nor bis inflexibla
bonefly, that never permitted bim to approve of the un«
warrantable atlions of any faltion, being no longer able
2o prevent bis preferment, be was offered the cheice of
two very confiderable employments.  The firf was. to go
do Paris as one of tbe commiffaries for adjufling our
Jimits in Acadia; the other 1o be engincer gemeral tq
the Eaft-India company 3 whefe forts being in a moft
yuinous condition, there was wanting a wery capablé
perfon to put sthem into @ proper pofiure of defence.
Tdis latter be accepted, as it was fustabie to bis genius,
and where, be believed, be fhould be able to do real
fervice, as not being liable to be bindered through the
fuggefions of defign or ignorance, which by their boaft-
ng and imporsunity, often infinuating themfelves into the
direltion of publick affairs, frequently render abortive

. the beft concerted [chemes.

The company's terms were both advantageous and

" -bomourable. There was [ettled upon bim five bundred

per annum during bis life 3 on condition that be
continued in iheir fervice five years. He was alfo en-

“grufied with the appointment of all, that were to be

employed under bim ; and fuch an order was made for
Jurnifbing bim with what fums of money, be fhould
think neceffory towards carvying om the works, be un-
dertook, as was never pafled on the like occafion; fo
geat was the cenfidence the company repofed in Mr.
obins’s integrity as well as ability y in neither of
ewkich did they find themfelves deceived s and indeed be
@8cd in all occurrences, through every [cene of life, with
she uimaoft gemerofity and difinterefiednefss and never
effered to undertake any thing, whereof be was not a
erfei? mafier. '
He defigned, if be bad remained in England, s
bave compofed a fecond part of the woyage round the
world 5 as appears from the following inta, which

\\
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Lord Anfon did Myr. Robins sbe bomowr to write to -
bim on sbat fubjedt. | -

DrarS;m, .

When 1 laft faw you in town, 1 forgot to afk you,
whether you intended to publith the fecond volume
of my voyage before you leave us, which, I confefs,
1 am very forry for, If you fhould have laid afide
all thoughts of favouring the world with more of .
your works, it will be much difappointed, and no
one in it more than c L

your very, much obliged
B:tf?bg:;;f o humble fervant,

1749- v : Anson3

If you can tell the dme of your departurc; letme
know it. c e

The above letter is printed not without the noble
Lord’s confent ; who, being requefied to permit, that
this teftimany might be exbibited to the warld of bis
Lordfbip’s efeem for Mr. Robins, replied in the politeft
manner, That every thing in his power was duye to
the memory of one, who had deferved fo well of the
publick. - '

Mr. Robins was alfo preparing an enlarged edition of
bis New Principles of Gunnery, and gs there w
bave been made great improvements in what was already
publifbed; fo the geometrical part was intended to be
added 5 as I learn from fome memorandums, be lefe
bebind bim. From tbem alfo I underfland, that he
" bad the theory of the moon under confideration.

But, baving provided bimfelf with & compleat fet
of afironomical and other infiruments for making ob~
fervations and experiments in the Indies, be departed
Jrom bence at Chriftmas in the Jear 1749, %o the greas

3 B Iﬂﬂ'm
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Jorrow of all bis acquaintance. This bowdtér Bds I
fome meafure alleviated, cn account of ihe benefity #he
publick might receive from bis prefent ftuation in life,
and by the bopes of [eeing bim return [af¢ with benour
2o bis mative country. Not lefs fenfibly moved was
Mr. Robins at quitting the agreeable fqiety of bis
dear frierds, to many of whom be bad been firittly
uited front bis firft coming to this place. .

In the woydge bis fbip was very neot bting ¢Af)
afwldy; But be arrived gt the Indi€s od the 13th of

uly 175C. : ' o

Ty ber7;5be immediately fet about Bis proper bufitefd
with unweatigd diligencd 5 and be compleatly formed
plans for Fort St. David and Madras. Bus be kved
pot to put thefe in execution. For the great difference
in the climate was beyond bis confiitution to [upport ;
whick was ahways delicdte, though #ill then, be Jearce
ever bad a fit of ficknefs.

- In September 1750, be was attacked by a fever,
out of which be recovered; but about eight months
g/tef be fell itto a languifbing condition, in whick flate
Ii‘e continued to bls death. en be bﬂ{ r;:z/b; l}o dbi_?

eve; that was not far off, be éxprefled bimfe S
pleafed, the phyficians bz;g "ot ;a?de bim acquainted
with bis teal cafe fooner, that be thight bave loff #a
time in expefiation of recovering 5 dnd éven ihen be
exerted bimfelf as much as poffible in the duwty of Bis
dffice, expiting at Fort St %avid the 2gth of July
1751 with bis pen in bis band, as be¢ was dydwin
":g’ Jot the ¢ompany an account of the pofure of th

fairs. ) ' o
& The fortifications of Fort St. David bave béen fnce
Mifbed, and they are at work upin thofe of Madris,
according to Mr, Robins’s plans. Thefe I bave beard
bighly praffed By many insdlligens perfons 3 whd Pave'
boen “upon the fpot. "~ And what is pill more, I bave
been informed, that they were approved of by the
bravg colond Clive s who through the force of g’%‘"ﬂ‘;
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plone becoming a felf-taught commander, bas with
maschlfs condufl, as well as valours reititved qur
finking affairs in thefe parts of the world. :

As foon as the news of Mr. Robing’s death arrived
bere, great numbers, befides bis particklar friends and
@cquaintance, firongly expreffed 1béir concern at the lofs
of fo valuable @ perfon; and as bis lettey was read to
vbe court of the Xaft-India direciors, o wwf vifible ap-
pearance of [forrow. [bewed stfelf on the countenance
of all prefent 5 and the regard the company bad for

M. Robins's merit, and their ferfe of ibe fervices be
did them, .the fhors sime be lived iu their employments;
lijtdr]tf«z them o bebave with great genérefily totpards
bis fatber. : ’ :

My, Robins left alfo @ moft amiable chapatler bebind

#im in the Indies ; for I bave learnt from mazy }Of[oﬂ!
who bave come from thence, that bis memoty is fill 'b'el:’
there in the bigheft eftimation by ol runks of peoplés
And vo woxder that a perfam fo well gualified in every
Yranch of valuable learning, fuch @ proficiens both in 1he
pratiice and theory of wfeful arss, as likewife fo capable
and ready 10 commmnicaie bis kngwledge o otbers, and
endowed with & moff candid, gentrous and difinterefied
smind, and withal a mop fpritely and agreeable compangony
Joould bave rendersd bimfelf aniverfally peceptabie;
v~ 1 not omit muntioning, that bé took care 1o make
& fufficient provifion for bis father, Mr. John Robins,
by purcbafing an axnuity for the old gentleman's life 3
wiho, at the Bath #ill bis tinety fevond year, Whew by
{_iqéiz 1748, enjoyed a parfed fiass of bealth, havi

ad sashing fo much. to regres, as the lofs of the on
¢lnid be eper bad y whofe reputation in the world, ang
confians affetisnate’ bebavious' towards bimy were the
clief confolation of bis declining age.

- By bus laft will Mr. Robins left the publifbing bis
‘orks to bis bomeured and intimate friend Marfiny
Folkes, Efg; prefident of the Rovel Societys amd tq
®felf : fut as that execkems perfon bad for fome ?ﬁ)
i ! T b
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Beer rendered incapable, by a paralytic diforder, of
which be is fince dead, of bearing a part in this charge
M. Robins’s papers were entrufied to me by bis execu-
tor Mr. Thomas Lewis.
- And bere Icannot forbear expreffing my deep fenfe of
the long continued and uminterrupted bemeficence, M.
Robins experienced from this wortby gentleman, arifing
Jolely from bis juft difcernment of merit, which not only
infpired bim with the bigheft ¢ficem for Mr. Robins,
#ut alfo with a degree of friend/bip, which neitber time
wor place could abate : bis yvegard for the memory of. bis
deceafed friend, extending beyond the grave, was fiill
Shewn in a conflant benevolence towards Mr. Robins’s
Jather during bis life. . . .
. What writings Mr. Robins left bebind bim, that
were delivered to me, bad been tranferibed into one wvo-
Jume in a wvery fair hand, This contained feparate
ifcourfas, all relativg to gunnery. S
. Theft take up from p. 17510 p. 315 of the firft vo-
Yume of the following tralls. They bad been moft of
them read before the Royal Society, whilft their autbor
was in England. That entitled, A Comparifon of the
experimental Ranges of Cannon, &¢. a2 p. 230, was
Jent by bim frem Fart St. David, juft after be was
recovered out of bis firfp illngfs. It was prefented to
sbe Society the 27th of June 17515 and the leter,
that accompanied it, was dated O&ober 16, 1750%.
in which Mr. Robins tells the prefident, This 1 here
fend, with another, I intend 'by the next fpring
{when | hope to let you have the compleat copy)
will finith all T now purpofe to publith upon the
fubject of gunnery, leaving the further completion-
of it to my future labours, either in this country,’ or
in Europe. The other difcourfe mentioned sin the letter
"I take to be The praltical Maxims, and the compleat
Gopy 80 be the Manufcript put into my bands, as far as
My. Robins bad finifbed it : which, 1 believe, wosld
_bave been more compleaty if be bad furvived aluoy tims
nger 3



PREFACE a

donger : for as there are added fome motes, fo there were

" wacant fpaces left, in order, as it Jbould feem, to receive
more notes 5 bus death put a flop o whatever be then
Jartber intended. . -

Of the Prattical Maxims, ewbich were not read be-
Jore the Royal Society, there are many copies abroad 5
and I collated mine with two others: ome my friend
Mr. Glover furnifbed me with ; the otber Mr. Nourfe,
who bad it fome years ago of My. Muller. The varieties
in the reading, I found to be very inconfiderable,

The firft volume contains likewife Mr. Robins’s New
Principles of Gunnery, as be printed it (for it is not
known, what is become of the many improvements, be
bad made in it) with the account, that was given of
4t in the Philofophical Tranfaltions. And I bave
added an extrall or two from bis loofe papers, as alfo
bis difcourfe om the beight, to which rockets afcend, to-
gether with anotber on the [ame fubjell, written by bis
sngenious friend Mr. John Ellicott, fellow of the Royal
Society, ‘and clock-maker to bis majefly s a perfon of
Prict bonour, whofe inventions in mechanicks and repu-
sation for exquifite workmanfbip in all forts of move-
ments for regulating time are juftly celebrated, as well in
foreign parts as at bome. .

My. Robins’s difeourfe of the nature and advantage
‘of rified barrel pieces, not baving been communicated to,
me, till almoft all the firft volume was printed off 3 I was
obliged to give it there at the end, though fomewhat out
of its proper place.

The fecond wvolume confifts of various mifcellaneous
tracts, which bad been publifbed by Mr. Robins bimfelf,
and bave been already particularly menmtioned in this

o preface. T
Al the difcourfes, that had been read before the
Royal Society, were 10 bave been colleied, and dedicated
-by ther author o the late prince of Orange ; who bad
~ expreffed the bigheft efteem for Myr. Robins, and bis
writings, as 1 learn by a letter of a moble perfon datzf
R 7
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Itfv:r;gzbngn Auguﬁ. 174%7s written from she Hague l

T mensioned before My. Robins baving treated of the
&geometrical part of bis New Principles of Gunnery § -
40 be bad confidered tbe cffesis of the air’s refiftante in
regard 1o ﬁ:p»Wni‘ud the workixg of veffels at fen
bus whatever be might have fet. doswn in writing con-
serning thefe and otber eurious and ufeful fubjels, ké.
carried along with bim to the Indies 5 of which 1 have -
not been gbie, during 1be many years fince bis deceafe, ti
&et the leaft information, ‘

bmdowJ7 JAMES WILSON,

Ettors of the Prefs,

Vol L. p. o3. 1. 4. read tried. P. 348 L 15, for continded
r. combined.  Vol. JI. p. 159. §. 105. 1. 3. r. conclufion.
P.160. in the quotatian markt ¢ 1. §. 42. P.172. L 8
from the bottory; for » being r. xbeing. P.214.4§.55. L. 8.
r. ratios of MT. P. 268. in the notes, 1. y. r.quadrat. P. 284,
L 9. r. freely, each ray foRfering. P. 300, I 19. after ogcusred,
inftead of the full point put a conmd. ~ P. 303. 1. 26, for * put §.
P.323. in the note, ). 4. r. Newtonus. ™ P. 330. in the note,
f. Men{. p. 332. in the note; 1. 2. for quaram r. quamvis.
P. 335. in the note, L 3. for §. put||. P. 339: in the notes,.
L 5. for quz r. qua.

CON;
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PREFACE

BOUT a twelvemonth fince, I

had fome' intentions of exhibiting

a public courfe of Fortification

and Gunnery: and though for
reafons not neceffary to be hete mentioned,
I afterwards defifted from that defign; yet,
as I had proceeded fo far as to dxﬁrxbute
fome manufcript copies of the partnculars, of
which I propofed it to confift, I have
thereby been in fome meafure engaged in the
prefent undertaking,

For, as I had refolved to render this courfe
as compleat, as I poffibly could, both by
large models of different fronts of Fortifica-
txon, and their different attacks, and by an

A2 . cxperimental
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experimental exemplification of the precepts
of Gunnery with real Artillery; I found it ne-
ceflary to infert under this laft head a theory
of the force of Gunpowder, and certain
propoﬁtxons relating to the refiftance of the
air, which I had difcovered, and confirmed
by experiments, But thefe prmcnples being
fet down in the fchemes, which I delivered
out, as affertions only, without any account
of the nature of the experiments made ufe of
for proving them, and being liable to great
conteftation on account of their inconﬁﬁency
with all the received opinions of the writers
on this fubjet; I thought it incumbent on me
to clear up in a more particular manner any °
difficulties, which mighthavearifenaboutthem,
and to evince their certainty by a number of
unqueftioned experiments. And this has prin-
cipally given rife to the enfuing treatife, in
which the force and varied action of Powder
is {o far determined, that the velocities of all
‘kinds of bullets impelled by its explofion, may
be thence computed, and the enormous re-
fiftance of the air to {wift motions (much be-
yond what any former theories have affigned)
1is likewife afcertained. And on thefe prin-
ciples it will appear, that the original veloci-
ties of bullets, when impelled by full -charges
E s of
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of Powder, and the track defcribed by their

flight, are extremely different from what, the
writers on thefe fubjects have hitherto fuppofed, -

As the principal difquifitions of the follow-
" ing theets relate to the force of Powder, and the
flight of fhells and bullets; it may not perhaps

be unacceptable to the reader to perufe a few - ,.

particulars, relating to the invention of Pow. -
der, and the hiftory and improvements of
Guanery, and its fifter art Fortification : efpe~
cially as the nature and purport of what, we
~ fhall hereafter advance, will receive fome kind
.of illaftration, by being compared with the
opinions, which have formerly prevailed - in
thefe enquiries. And though our immediate view
~ is the promoting the theory and pra&ice of
~ Gupnery; yet the prefent methods of fortify-
ing arg fo conpeted with the invention and
management, of Artillery (thefe arts having in
fome meafure given laws to each other) that
I prefumea fhort recital of therife and changes .
of the modern military architeGture, will not be
impertinently prefixed to an account of thofe
powerful machines, which firft gave it birth,

WiTH regard to the firft invention of Baf-
tions, there are many opinions amongft au-
A3 ' thors,
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thors, it being as yet a point undecided in
what place, and at what time they were firft
put in practice. Some have attributed this in-
vention to Zifca the Bobemian. Others to Ach-
met Bafbaw, who havmg taken Ofranto in the
year 1480, fortified it in a particular manner,
which is fuppofed to be the firft inftance of
the ufe of Baftions (*). But thefe are the
pofitions of later writers. - Thofe, who wrote
on the fubject of fortification near two cen-
turies ago, feem to fuppofe, that Baftions
were a gradual improvement in the ancient
method of building, rather than a new
thought, that any one perfon could claim the
honour of.  Pafino in particular, in the firft
part of his baok, imputes the changes in the
ancient fortifications, and -the introdu&ion of
the modern form, to the increafed violence of
the later artillery, without pretending that it
was effected at one time, or by one perfon ().

{*) #id. The commentary of the Chevalier Folard on
Polybius. Tom. 1. pag. z.
- (¥) Vid.. Difcours fur plufienrs poinds de I Architecture
de Guerre concernants les Fortifications, tant anciennes que
modernes, &c. Par M. Aurelio de Pafino Ferrarois, archi-
pelle de tres-illufire Seigneur, Monfeigneur le Duc de Bouillon.
Printed by Plantin 1579. It appears by a copy of verfes
prefixed to the book, that this author fortified Sedas.

So
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So that I believe, we cannot with certainty
. affirm more in relation to the invention of
Batftions, than that they were well known foon
after the year 1500. Forin 1546, Tartalea
publithed his Quefiti & inventioni diverfe, in the
fixth book of which he mentions, that whilft
he refided at Veroma (which muft have been
many years before) he faw Baftions of a pro-
digtous fize; fome finithed, and others build-
ing; and there is befides, in the fame book,
‘a plan of Turin, which was then fortified with
- four Baftions, and feerhs to have been com-
pleated fome time before.

AND though we cannot certainly aﬁign the
time, when the old circular Towers were firft
converted into Baftions; yet in all probability
it did not long precede the date, we laft men-
tioned. For in the fame book thegprior of
Barleta, who was himfelf a foldier, efteems
- Turin to be impregnahle ; and tells us, that
this was the general opinion of all men of
ikill ; he likewife makes it a queftion, if in
the fortifying of cities, the genius of man-
kind was not arrived at its utmoft limits of
perfetion ; which feems to evince that the in-
vention was a recent one; and that it was
greatly the obje&t of the cﬁcem and confi-

A g4 deration
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deration of his cotemporaties; as a new con«
trivance of this kind would natarally be,

THE firlt Baftions, fuch as thefe of Twrin,
of Antwerp (*), and others of the fame age,
were but fmall, and removed at a great dif-
‘tance from each other; for at that time it
was the univerfal practice to attack the Cur-
tain, and not the Baftions. But a few years
after there were introduced Baftions much
larger, and much nearer together, than what
had been conftructed before ; as appears by the
Citadel of Antwerp, which was built under
the direction of the duke D’ Ava, about 1 566
and which by the frequent encomiums on it
in fome eatly authors, feems to have been
the firft inftance of this improvement.

From this period, the modern pratice of
military architeéture may be fuppofed to have
taken its rife; moft of the improvements of®
the prefent times, being little more than the
putting in ufe fuch methods, as were propofed
within a few years of this @ra; for many ce.
lebrated authors flourithed foon after, as (+) La

Treille,

(*) Antaverp was fortified about the year 1540, as we

learn from Speckle. Lib. I. chap. 10.
(1) Vid. La maniere de fortifier Villes, Chafteaux, et
faire autres licux forts : mis en Frangois par le Seigneur de Be-
reil
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Treiile, Alghifi, Marchi, Pafino, and above all
Speckle, (*) who wis one of the greateﬂ: gemus s
that has apphcd to this art.

THE: better to judge of the pretenfions of
thic moderns, and the merit of the fyftems of
fortification mow int vogue ; we muft enter in«
to a thort difcuffion of the various methods,
which have been propofed for covering the
Flanks, and confequently for fecuring the Ram«
parts from the. approach of an enemy. For
if it be.agreed, that the principal defence of
a fortrefs is its Flanks ; the beft ftandard to
judge of the merit of any. fyftem of fortifi-
cition, is the manner, in which it provides for .
the fafety of the Flanks, againft the efforts of
the enemy. -

Now the moft ufual conttivances for this
purpofe, have been-Orillons, Ravelins placed
before the Curtains, Half-Moons placed before

reil Frangois de la Treille Commiffaire en I'Artillerie. A Lyom
1556. This author was the firft I have feen, who pro-
pofed the Retired Curtain, which has fince been publithed
by others, under the name of the Re-mforced Order.

(*) Danie/ Spe:kle was archite&t of the ‘city of Siraf-
bourg ; he died in the year 1589. He publifhed a treatife
of fortification in German, which was re-printed at Leipfic.
in the year 1736,

the
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the points of the Baftions, and Contregards ; each
of which we fhall feparately confider, both as
to their ufe and antiquity.

Tue Orillon is as old as the Baftion, fince
in Turinand Antwerp (mentioned above) there
is a lower Flank, which is cut out of the fub-
ftance of the Baftion, and has thereby a fhoul-
der of a confiderable thicknefs, to fcreen it
from the Field-Batteries, But befides this, the
drawings of Pafino, Speckle, &c. abound with |
~Orillons of the fame form with thofe now
ufed, the only difference being, that the mo-

dern ones are lefs maflive than the antient ones.
This invention has had the good fortune to
‘ftand its ground in almoft every fyftem,
which has prevailed ; although it be rather on
the fame of the fervices, it has formerly done,
than for any advantages the moderns have re-
ceived from it. For in ancient fieges, it was
the cuftom for the befieged tq have a retrench-
ment behind the breach, by which means the
befiegers were obliged to lodge themfelves on
the ruins of the breach, in order from thence
to batter the retrenchment. In this cafe the
piece or pieces of artille}y, which being co-
vered by the Orillon, could not be difmounted,
were of wonderful fervice to the befieged,
' And
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And many inftances might be given, where
the enemy have been hcreby fo gauled after
they had lodged themfelves in the ruins: of the
breach, that they have defifted from their en-
terprize. But as it is now no longer the fa-
fthion to hold out, after a breach is made in the-
body of the place, and the ditch is near
filled up; we rarely hear in the prefent times
of any great feats performed by the Orillon.

Tue Ravelins placed before the Curtains,’
(or Half-Moons as they are called in the mo-
dern fyftems) were intended to protect the
Flanks from crofs thot, and to confine the bat-
teries, which fhould be raifed againft the Flanks
to the oppofite part of the Counterfcarp only,
where they would be more expofed to the be-
fieged and more difficult to preferve. This
invention likewife is nearly as angient as the
art of fortification ; it being to be found in
great numbers of old places, and in almoft
every old writer, and is ftill continued in moft
fortifications.

BuT the ancient writers, whofe principal
care was the fecuring of their Flanks, did not
rely folely on the advantages, they received from
the laft-mentioned invention, For though by

‘ that
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that imeans the Batteries for deftroying the
Flank were confined to one place; yet they
" found on examination, that on that place the
enemy would have more room than was fuf-
ficient for ereting of his Counter-Batteries;
and therefore they added Half-Moons beforé
the points of the Baftions ; thefe were intended
to poffefs the ground, to which the enemies
Batteries againft the Flanks were already con-.
fined, and thereby to render the conftfudion
of thofe Batteries fill mor¢- difficult. 'How-
ever, they did not compleatly anfwer this pur-
- pofe, and have been long fince laid afide.

THE inténtion of Contregards (*) which
are likewife very ancient, is the fame with that-
of the Half-Moons laft mentioned, that is, the-
protection of the Flanks, to which purpofe. (if
_ properly conftructed) they are moft wender-.
fully adapted; for the enemy in order to ruin.
the Flank, mutft either plant his Counter-Bat--
tery on the Contregard itfelf, which, if the Can-.
tregard be of a proper profile, it will be im-_
poffible for him to do, or he muft demolith a

(*) Pafino, whom we have mqﬂtioned above, claims the
~ invention of Contregards, tho’ they were -afterwards much
niended by Speckle. But the Contregards of this' author were
not before_the Baftions-only, but furronnded the whole place. -

part
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part of the Comtregard to enable his battery
on the Contrefcarp to view the Flank, which
is a tedious work, attended with great hazard
and difficulty. The fame inconveniency like-
wife attends him, when he would batter in
breach, o

BuT notwithftanding the excellence of this
invention, it has been almoft entirely neglec-
ed in -the modern fyftem of a neighbouring
"nation, There have indeed been two or three
‘places fortified by the French, in which there
are pieces called by themt Contregards; but
they have nothing but the name in common
with thofe we here treat of, However -their
experience of the -efficacy of this work at
. Turin may -poffibly have induced them to
think more favourably of it.  For I have late-
iy:feen them adding Contregards to the old
works of a very confiderable frontier, al-
though it was before efteemed one of their
compleateft places.

From all that we have faid then, it ap-
pears, that the covering of the Flanks was a
fubjet much more attended to. by the an-
cient engineers, than by thofe, who have fuc-
veeded ‘them; and confequently that ‘the art
of Fortification has not received from the
- moderns
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moderns thofe great improvements, which un-
fkilful writers would fometimes perfuade us
to believe: For indeed in the fecuring of the
Flanks confifts the greateft ftrength of a for-
trefs; fince, though all the other defences by
being expofed to the Field-Batteries of the
enemy fhould be ruined ; yet as long as the
Flanks are entire, the Rampart of the place
cannot be approached by the enemy: And
therefore, fince this circumftance hath .been
- o little heeded by fome amongft the moderns ;
it muft be owned, that the true principles of
this art have been- very imperfeGtly compre-
hended by them. For it has often happen-
ed, that they have difputed about a few fa-
thoms in the length of a Flank, a Face, or
a Curtain, or a few degrees in the magnitude
of a particular Angle ;- when at the fame time
they have too much difregarded this moft im-
portant confideration of all, the fcreening of
the Flanks from the Batteries of the enemy.

Bu T this neglect hath been fometimes owing
to the authority of erroneous maxims, one of
which in particular is, that, (4) whatever fees,
isitfelf feen ; whence it has been inferred, that,

(1) See this maxim urged with this view in Pages’s
Fortification, Chap. iv,

1 . | if
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i the Flank can fee the enemy, the enemy
can ruin the Flank with his batteries, But
the fallacy of this reafoning lies here, that -
the Flank if properly covered cannot fee the
enemy, when he is in a fituation, where it is
poffible for him to raife batteries, but only
when he gets in a place, where he muft be ex-
pofed to the fire of the Flank without hav-
ing it in his.power toreturn it. For inftance,
a piece of cannon covered by an Orillon in
‘the common manner cannot be feen by the
cnemy, till he is got over the greateft part of
“the ditch, or is mounting the breach, in ei-
ther of which places it is impoffible for him
to raife a counter-battery: And the more com-
pleat the artifice is, by which the Flank is
fcreened ; the -greater will be the fpace, in
which the enemy will be thus expofed.

OTHER engineers have endeavoured to un-
dervalue this art as ineffe@ual, and with this
view they have expatiated much on the force
of the modern methods of attack, and have
declared, that no place how artfully foever
conftructed can ftand before them. With thefe
gentlemen it is a maxim, that when the Con-
trefcarp is once loft, the whole conteft is in
a manner over ; and they endeavour to fupport

themfelves
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themfelves in this perfuafien by the examples
of places of great note, which have been re-
“duced in a much fhorter time, than was ex-
pected.  If thefe opinions could be relied on, °
the greateft part of the meney laid out in
fortifications would be extreamly ill employ’d g
fince a ﬁmple Rampart and a Contrefearp
would fully anfwer the whele purpofe intend-
ed. - But the truth is, that, when a place is
Well conftru®ed, ‘and fkilfully defended, the
taking of the Contrefcarp is but a fmall ftep
" towards the poffeflion of the: place (*). In-
deed the rathnefs and precipitancy of the di-
rector of the approaches hath often intimi-
dated a weak and ignorant governor; ‘but when
. the attacks have been thus ¢agerly hurried on
againﬁ! a place commanded by a brave and
knowing officer, he has fometimes taken fuch
advantages of thefe incautious fteps, as have
made "them too fatal to be copied by any
pretending to prudence or humanity. By
this means the cafieft enterprizes have been
often rendered impoflible, and the pretence of

- (*) In the laR memorgble fiege of Barcelona, the lofe
of the Contrefcarp- (which was taken in a fortnight) did
not determine the fate of the town, the great refiftance
be.mg after the body of the placc was opened by feveral :
breaches. : .
- gaining
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gaining a day or two has often occafioned the
lofs of the whole (*).

Besipts, thofe inventions for fcreening of
the Flanks, which we have already mention-
ed, there have been others propofed of a dié-
fererit nature, which by reafon of their fir-
guldrity, have been lefs attended to; fuch is
the conftructing of a Line, which (hould: pafs
through the ditch, from-the point of the Ba-
ftion to the oppofite point of the Contrefcarp.
This is mentioned by general Moatecuccals jn
his Memoirs as a method mach' lefs liable to
exception, than it appears to be .at firft fight
(+). But though a Line thus comfiruéied, will
doubtlefs cover the Flanks from the view. of
the batteries placed on the oppefite part of
' the Contrefearp, and is it felf very defenﬁble;

(*) Many inftances of the dxﬂicultxes ‘and hazards, to
which the allies were often expofed in Flanders, during the
 fate’ war, may be feen in Landferg, who was then an en-
gineer in the fervice of the States.General ; thefe accidents,
according to him, were generally owing to the prefumption
of the dire@tors, who under the pretence of expeditian,
contrafted the front of their attacks, ‘and thereby often
left the enemies works in their rear, which rendered their
progrefs nmext to impofible.  Vid. Nowvelle Maniere. de.
Fortifier les Places. ’ :

(+) Vid. Memorie de! gemeral Principe di Mantecuecali,

‘pag. 116.
Vor. 1. B yet
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yet I have never heard of its being put in exe-
cution, .

'ANOTHER way of fecuring the Flanks, js
-by interpofing the Entring Angle of the Con-
trefcarp, (or of the Ravelin) between them
and the Counter-batteries. - This practice is de-
Acribed by Errard of Barleduc, (*) and is by
~him faid to be the invention of the count of
Lynar. . And though fome authors, who were
ignorant of the advantages hereby propofed,
have feverely cenfured the having any part of
the ditch hidden from the Flank, a circum-
ftance which muft neceffarily attend this con-
ftruction ; yet the greateft genius, who ever ap-
plied himfelf to the fludy of this art, has
‘thought it worthy of his imitation ; the cele- -
brated fortrefs of Bergben-Op-Zoom having
its Flanks in part covered by this artifice.

BuT in a proper {oil there is ftill a more ef-
ficacious defence, than any we have yet men-

" (*) Vid. La Fortification demonirée, Lib. iii. Chap. ii. Be-
fides this invention here mentioned, there oci_:urs in this au-
thor, the contrivance of placing a Gallery under the Co-
ver'd-Way, with loop-holes into the ditch, which is prac-
tifed at Tournay, but more compleatly at Berghen-Op-Zaom,
Vid. Lib. iv. Chap. vii,

tioned ;
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tioned ; and that is, by the means of Contre.
mines. - For fuppofing the fortifications of a
placc to be conftruéted with no more art, than
what is neceffary to oblige an enemy to brmg
his batteries on the Glacis, when he propofes
cither fo batter in breach, or to ruin the Flanks,
(which may be effeGted by a goad Profile and
a Rayelin before the Curtain only.) If the foil
be free from water to a confiderable depth, it
is always in the power of the befieged to ruin
the batteries of the enemy by their Mines,
which may be repeated too a number of times
in proportion to'the depth of the fojl. For
thefe batteries being by fuppofition confined ta
one fituation, the beﬁcgcd can always be pre-
pared for thefe operations before-hand, and
would have infinite advanteges over an enemy,

who fhould endeavour to dig them out ; which,
however, in fuch c1rcumﬁances, would be hxs
only refonrce.

THe firft fuccefsful application of the blow,
ing of Mines in fieges, was in the kingdom of
Naples; wherg Pietro de Navarre by this means
poffefled himfelf of a fort garrifoned by the
French. But the firft celebrated ufe of thefe
Mines in oppofing the progrefs of the hefiegers,
‘was in the years 1 666, 67, 68, at the fiege of
- B2 Cana'ta i
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Candia; not but they had been often praﬁif-
¢d in the defence of places before, though in
a lefs memorable manner ; for by the affift-
ance of this invention principally, the ity of
Candia kept the whole power of the. Ottoman
empirc at a bay for three years fucceﬂ'wcly.
Since’ that time the advantages of Contre-
mines have been better underftood. The laft
eminent inflance of their great ufefulnefs, was
in the defence of Tarin, in the year 17063
for fo effectually were the beficgers traverfed
thereby, that after near four months of open
+ trenches, they were not-in the poffeffion of
more, than the Contrefcarp, and even there, ¢~
leven pieces of their cannon were blown up by
the defendants, but threeor four days before
_ the place was relieved. \

Bzroaz I leave this head, I cannet but in
juftice mention the great improvement in the
do&rine of Mines, which is contained in that
excellent Diflertation (*) annexed to the third
volume of the French Polybins.. For nothing

'can be more compleat, than the manner in

(*) This, in the preface, is faid to'be the performance Vof
monfieur 4r Vafiere, Marechal des Camps, and Captnm-
General of the miners.. )

whxch
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.which- the different ftages of Mines are there
diftributed ; indeed, the form there affigned to
the excavation, cannot be rigoroufly,, what the
author feems to fuppofe; but this exception
has nothing to do with his general rangement
- of the Chambers, which is extremely well con-
trived for the hufbanding of the ground, and
the annoyance of the enemy.

I uave already taken notice of the defe@s
in the writings of many of thofe, who amongft
the modemns have undertaken to form fyftems
of fortification. But when I fpeak of thefe
authors and their copiers; I muft at the fame
time avow the fuperior merit of the great Coe-
boorn, who was undoubtedly the ableft forti-
fier, that ever the world knew. This author
has publifhed two treatifes on this fubje@ ; the
firft containing a method of fortifying a Pen-
tagon, to which is annexed a proje& for the
amending the-fortifications of Coevoerden. In
his fecond, he has propofed three different man-
ners of fortifying, one applied to a Hexagon,
another to a Heptagon, and a third to an O&3-
gon ; and he has befides added, the manner of
fortifying that fide of a fortrcfs, which hap-
pens to be contiguous to a river.  In this work
he has particularly examined all the poffible

B3 . . attacks -



httacks that can be formed againft his préa
pofed places, thereby to evince the great fu-
periority of his defences ; fo thatit is in fome

~ meafure a difcourfe on the attack and defence
of places, as well as a fyftem of fortification ;
and upon the whole is the moft excellent per-
formance, that has ever been produced on
this fubject. It was written in Low-Dutch
(the author’s native language) but has been
“tranflated into both French and Englifb, but
very impecfeétly ; though in a new edition of the
French tranflation lately printed in Holland,
many of the errors of the former are amended,
and fome particular paffages are cleared up by
the notes of the editor, who feems to have
underftood his author very well.

I HAVE been told by thofe, who were well
acquainted with this great man, that his trea-
tifes were far from acquiring him either the
advantages or reputation, which he might
teafonably have hoped from them. For that
his cotemporary engineers, wedded to their old
road, decried him as an unfkilful, felf-con-
ceited pretender ; but that he at laft furmount-
ed thefe effets of their envy and prejudice
by his defence of fort William at Namur,
wiren that place was befieged by the French;

aftet
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after this, whxch eftablithed his reputation,
he rofe apace to the greateft military com-
mands, and immortalized his name by his
condu@ of the fiege of Namur under King
William, and afterwards at Bon, Limburg, the
citadel of Liege, &c. And his death at the be-
ginning of the late war in Flanders was a very
great misfortune to the allies; of which al-
moft every fiege formed by them after the
year 1707, was a melancholy proof '

BrsIDES being entrufted with the dnrc&non
of fieges, he was employed too in the repair-
ing and new-modelling many of the Dutch
frontiers. His laft work, which'is left unfi-
nithed, was Bergen-Op-Zoom, which will always
do honour to his memory. Though he is yet fo
little out of the reach of cenfure, that I have
heard military men, even in that place, con-
demn as imperfections, thofe very circumftan-
ces, whence it derives its principal defence, -

ConsiDERING the great fame which ge-
neral Coehoorn acquired in real fervice, it is
difficult to account for the little regard, which
© hath been paid to his writings. The moft
natural reafon I can difcover for this negli-

B 4 gence
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gence, is the pronenefs, which we have always
thewn for the opinions of a neighbouring
nation, who, whatever other good qualities
they may have, were never famous for doing
juftice to the merit of thofe, who were of ano-
ther country, and were engaged in an intereft
oppofite to their own, However, I prefume,
his reputation as an author is at prefent in-
creafing. For I faw not long fince in one of
the moft confiderable frontiers belonging to
France a piece of fortification carrying on,
which was evidently copied from the printed
works of Coechoorn,

.- TrouvcH with regard to the modern
writers on fortification, I cannot find another
to place in the fame_article with the great
genius, laft mentioned; yet there are two
authors on the methods of attacking and de-
fending places (a fubje¢t nearly conneGed with
fortification) who merit the higheft applaufe,
I mean Goulon and the Marechal de Vauban.
The firft in a fhort treatife, intitled Memozres
fur P Attaque et la Defence des places.  In which
he has very diftinctly inculcated the  principal
maxims neceffary in thofc operations, The
other in a work which he prefented in

manufcript
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manufcrnpt to the late ng of France, of
which copies getting abroad, it was publithed
four years fince in Holland. In this book Mr.,
Vauban has very circumftantially defcribed thofe
parts of the attack, which were more imme-
diately of his own invention ; fuch as the Bar-
teries @ Recochet ; the Parallels; and a pecu-
_ liar conduct of the Sap. Not but that he has
' likewife given very ample inftructions on
every other neceffary head; and the whole
muft be owned to be a very mafterly per~
~formance, worthy of the expenence and ca-

pacity of its great author. |

IT might, perhaps, be expected, that [
fhould here mention with approbation the
fkill of this laft-mentioned engincer in the
art of fortifying. But as he has never writ-
ten any thing himfelf on this fubje, that
may excufe me from ranging him in the lift
of authors. But to {peak the truth on this
head, T cannot but believe from all, I have hi-
therto feen of his works, that he was much
more to be efteemed for his other talents, than
for - the fortifications he has ere@ed. For
though I have a very high opinion of his good _
fenfe and difcernment ; I do not conceive, that

his
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~ his invention in this art was to be compared
with that of his cotcmporary Coehoorn.

~ Tuus much may fuffice on the origin and
variations. of the prefent military architeGure,
We muft next difcufs, what is more immediate-
~ 1y conneéted with the purport of the enfuing
treatife ; I mean the invention of Powder and
Artillery, with their refpective improvements,
and the different thcorles, they have glven

tife to.

Tue invention of Gunpowder is ufually
afcribed to one Bartholdus Schwartz, a Ger-
man Monk, who difcovered it, as is faid, a-
bout the year 1320 ; and the firft ufe of it
in war is commonly fuppofed:to have been
by the Venetians againft ‘the Gencefe about the
‘year 1380. But both thefe fuppofitions :are
undoubtedly falfe ; for a' compofition refem-
bling that, which we call Powder, is mentioned
by Roger Bacon,.as well known in his time,
and he lived near fifty years before Schwartz ;
and there are indifputably proofs of the ufe
of Artillery much earlier than the year 1380.

INDEED, as the time of the difcovery of
faltpetre is confefledly: uncertain, it is not to
/ be
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be wondred at, that the invention of Gur-
puwder fhould be obfcure and unknown ; for
“thefe two difcoveries are fo conneted, that it
is difficult to conceive, how the firft could be
long' known, - before the latter was found out,

Tae diftinguifhing property of faltpetre is
the prodigious increafe of inflammability,
which it produces in all burning fubftances,
when mixed with them; altho’ alone and un-
mixed it will neither flame, nor burn. For
inftance, faltpetre put into a crucible, and
placed in the hotteft fire will only melt, and
grow red hot, but will neither explode nor
flame ; yet, if any inflammable fubftance (ful-
phur fuppofe, or coals) be thrown into i,
‘a violent blaze will be inftantly produced, in
which a part of the faltpetre will be’ confum-
ed in proportion to the quantity of the in-
flammable fubftante, which was put to i.
And a like explofion will take place, if. falt- -
petre be thrown upon any fire; Now it can-
not be reafonably fuppofed, that this quality
of faltpetre could be long unknown, after the
fubftance itfelf was difcovered; for the acci-
dental dropping of any fmall part of it into
the fire, would prove its prodigious explofive
‘power when mixed with burning bodies; And
| this



28 PREFACE.

this being once obferved, it was thence 2 very

_natural and obvious thought to invent a com-
pofition of faltpetre mixed with any inflam-
able fubftance, which would burn more vio-
lently than any known before. And our
prefent Gun-powder is only the improvement
and perfe@ion of fuch a mixture,

ON this fuppofition then, if we knew the
time, when faltpetre firft came in ufe ; we might
give fome guefs, when mixtures refembling
our prefent Gun-powder were firft invented.
Now the moft general opinion on'this head
is, that faltpetre was firft difcovered, either
by the Arabians or the later Greeks about the
middle ages of our ®ra; when alchymyand
chymiftry were eagerly purfued by both na-
tions. For its Arabick name is faid to be
expreflive of its explofive quality; and the
- Greek fires ufed in war by the later Greek
Emperors (if the effecs attributed to them by
‘many authors are true) muft have had falt-
pétre in their compofition.

InpEED fome moderns (mifled by a fimi-
larity of name) have fuppofed faltpetre or
nitre to have been known to the ancients.
But chymifts are now agreed, I think, that
" the
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the fubftance mentioned by fome ancient wri-
ters, and deferibed by Pliny, by the appella-
tion of nitre, is a falt altogether dnﬁ'crent, from
what we call faltpetre.

Now, that the firft invention of Guns
powder {or of compofitions refembling it) did
long precede the time of Schwartz or of Ba-
con, and may thence be reafonably fuppofed
nearly coeval with the knowledge of faltpetre;
appears from Bacon (*) himfelf; for it isnota
new compofition, which he propofes, but the
application of an old one to military pur-
pofes. And from his words it plainly appears,
that a tmxturc of faltpetre with other. fub-

("anm tells us, that found like thunder, and lightp
nlngs greater than thofe produced by nature, might be
made by art; and this many ways, by which a city or
an army might be deftroy’d ; and he {uppofes it to be by
an artifice of this kind, that Gideon defeated the Midi-
onites: And haviog in another treatife mentioned almoft
the fame thing in different words, he adds, Ef experi-
mentum bujus rei capimus ex boc ludicro puerili quod fit in mul-
tis mundi partibus. feil, ut inflramento faflo ad quantitater pol-
Beis bamani ex wiolentia illius falis, gni SaL PrrrE wora-
txr, tam borribilis fonas wafcitur in ruptura tam medice rei,
Jil.  modici pergameni, quod fortis tomitrui excedere rugi-
tam, & corrufeationem maximam fui lamins jubar ixcedis.
¥id. Dofor Jabb's Preface to his edition of Bares's Opes
Majus. : : o
' ftances
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ftances was then vulgarly ufed for the mak=
ing of recreative fire-works. And this ap-
pears yet plainer from the treatife of Mar-
cus Grecus, intitled, Liber ignium (*) ; for
this author defcribes two kinds of fire-works,
one for flying, and the other for making a
report. The cafe or Cartoucbe (Tunica) for the
firft he directs to be made long and flender, and
the compofition to be vcry clofe rammed; the.
cafe for the fecond he orders to be thick and
{hort, to be ftrongly tied at both ends, and ta
be but half filled; and the:.compofition he
prefcribes for both is two poynd of charcoal,
one pound of fulphur, and fix-pound of falt-
petre, well powdered and mixed together in
a ftone mortar : And this will be allowed to
be a ftranger compofition, than what great
quantities of Powder are every day made
with. Now though the age of this writer is not
well afcertained, yet it muft have preceded
the ufe of artillery; for he does not in' any
place (as I can learn) mention thefe compo-
fitions as ufed in way ; and as he pretends nat
to be the inventor of thefe ferpents or cracks
ers (for fuch we thould now call them) nor

, (*) This is a manufcript in the pofleion of Dr. Meed ;
. -but what is here mentioned is quoted by the edjtor of Bas
an’s Opus Majus in the preface.

O fyeakg



PREFACE. g1

(peaks of them as recent,” we may reafonably
prcfume, they were in ufe long before .his
time, P

\

Tue firft application of this mixture to
111tary affairs, feems to have been foon af-
ter the year 13006, Bacon’s propofal® (whxch
was about the year 1280,) to make ufe of its
enormous explofion for the' deftruction of
armies might ~ give the firft . hint, which
others might. afterwards puyrfue. Schwartz
inftead of being the firft inventor *of Gun-
powder, might poffibly be one. of the. firft,
who thus apply’d it; and indeed the common
account of the manner, in which he game at
his invention, very much favours ‘this opi«
nion (*). And pcrhaps the dxﬁcrent jmprove=
o . . ments

(") The ufual manm:x in which it'js told js, that Schawartz
havmg pounded the materials of Gun-powder in a mortar,
which he afterwards covered with a ftone, a fpark of fire
accidentally flew into the mortar; and the explofion blew
the ftone, which covered the mortar, to a confiderable dif-
tance. Now we have proved, that Scbwartz, who was a
chymift, could not difcover the compofition by this
means, becaufe it was commonly known before’; but he
might from hence be taught the fimpleft method of apply-
ing it in war: For Bacon feems rather to have conceived
the manner of ufing it to be by the aQual effort of the
flame againft the bedies it g\ight_meet with in its expan-

. fion.
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- ments foon added by others, or the profecu-

tion of Bacon’s thought in different places, -
may have given rife to the different dates

affigned by hiftorians for the firft ufe of ar-

txllcry

Gun-PowDER for fome time after the in-
vention of artillery, was of a compofition
much weaker (*) than what we now ufe, or
than that ancient one mentioned by Marcus
Grecus; but this, I prefume, was owing to
the weaknefs of their firft pieces, rather than
to the ignorance of a better mixture. For
the firft pieces of artillery’ were of .a very
clumfy, inconvenient make, being ufually
framed of feveral pieces of iran fitted together
lengthways, and then hoop’d with iron rings;
and as they were firft employed in throwing
* ftone bullets of a prodigious weight, in imi-
tation of the ancient machines, to which they

fion.. The figure and name of mortars given to a fpe-
cies. of the old artilery, and their employment (which
was throwing great ftone bullets at an elevation) very much
 corroborate this conjecture.
 (*) Vide Tartalea in bis Quefiti & bwmtzm, Lib. 3. Quefite
5. where there are fet down twenty-three different com-.
pofitions made ufe of at different times. The firft of
which being- the moft ancient, contains - cqual parts of
nitre, fulphur, and charcoal. A
1 ' fuc-
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fucceeded, they were of an enormoiss bore,
But the difficulties of condu&mg and ma-
naging thefe cumbrous pieces, and the dif-
covering that iron bullets of much lefs weight
than ftone ones would be more efficacious,
if impelled by gredter quantities of ftronger
powder, foon occafioned an alteration in the’
matter and fabric of thefe firft pieces, and
gave tife to what we ftile brafs cannon, which
though lighter and more manageable, were
yet much ftronger in proportion to their bore;
by which means they would endure great
charges of a better powder, than what had
firft been ufed; and their iron bullets (which
were from forty to fixty pound weight) being
impelled with greater velocities were more
effeCtual than the weightieft ftones could ever
prove (*).

. , By
(*) The time when this change took place, and the
advantages arifing from it, are mentioned by Guicciardin,
‘who fpea.king of the Frenth army intended for the invafion
of Italy, in the year 1494, fays,
Et per unirfi con quefto eferata erano flate condatie
per mare a Genoua quantita grande dartiglierie da batters
le muraglie, & da ufare in campagna, ma di tal forte, che
giammai non haveva veduta Italia e fimiglianti. Quefla pefie
trovata molt' anni innanzi in Germania, fu cindotta la prima -

wolta in Italia da’ Venetiani mella guerva, ¢he circa l'amno
’ delia

Vor. L. .~ "C'
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" By this means, powder compounded in
the fame manner, which is now practifed by

della falute 1380, hebbono i Genouefi con loro, e I
some delle maggiori. era bombarde, le quali, fparfa dopo
quefla inventione per tutta Italia, s'adoperavano nell' oppugna--
tioni delle terre, alcune di.-farro, alcune di bronzo, ma grof-
Sfiffime, in modo che per la macching grande, & per limperi-
tia de gl buomini, && mala attitudine db gl infirumenti tar-
diffimamente &5 con grandifima dificultd fi conducevano, piana
tavanfi alle terve co' medefimi impedimenti, §5 piantgte era
dall’ un colpo all'altro tanto interwallo, che con piccoliffimo
Srutto, a comparatione di quello, che feguits dopo, molte
tempo confumavano, donde i difenfori - de' luoghi vppugnati.
bawevano fpatio di potere otiofamente fare di. demtra ripari &
Jortificationi Ma i Francefi fabricando pegzi molte,

pis efpediti, ne & altrg che-di browzo, i qualy chiamavone Gena

noni, &5 wfando palle di ferro, dove prima di pietra, & fenza
comparatione pix  groffe & di  pefo  gravifimo s ufavano,
k conducewsano in fulle carette, tirate (nom da bugi, come iv. Italize
S coftumawa) ma da cawvalli con agilita tale dhuwomini, &
dinflrumenti deputati a Yueflo fervigio, che quafi fempre al
pari de gli eferciti caminavano, & condotte alle muraglic erane-
piantate con preflexza incredibile, et interponendofi dall' un colpe
all altro piccoliffimo interwallo di tempo, si fpeffo, EF con impete
si gagliardo percuotevane, ch: quello che. prima. in Itabia fare.
in molti giorni fi foleva, dg loro in pochiffime bare fi foacewa.
Vid. Guicciardin's Hiftory, L. 1. p. 24. 4t0,Venet. 1562. What
this author obferves of the prodigious fize of the ftone bulets
ufed whilft the old pieces were in fathion, will be better under-
ftood by knowing, that when Mabomet the fecond befieged
Conflantinple in the year 1453, he battered the walls with,
ftone bullets, and his pieces were fome of them of the calibre

of 1200 pounds; but then they could: net be fired: more
than four times a day.

all
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all Eurgpe, camhe in ufe (*). Bat the change
of  the proportion of the materials corttpofing
it, was not the only.i improvement it received.

The invention of graiming it, is doubtlef a

confiderable advantage to it. For powder ad
firft was-always in the forny of fine meal, fuck
as it was reduced to, by grinding the materials
together. And it is doubtful, whether the firft
graining of powder was intended to imcrebfe
its ftrength, or only to render it more conve-

nient for the filling into fmall charges, and -
the charging of fmall arms, to which alont
it was' applied for many years, whitff medt
powder was fHll made ufe of in'cannon.  Buf
at laft' the. additional- firength, which the
grained powder was found te acduire. frove
the fiee paflage of the fire betweer the graing;

(*) We learn from ‘Tarta[m, that the camnon powdcrm
‘bis time (golvere profla moderna) was made of four parts
faltpetse, one part falphur, and one part chargoal ; and-the,
mufquet- powder of forty-eight parts faltpetre, feven parte

fulphus, and eight parts charcoal; or of eighteen parts falts:
petre, two parts. fulphur, and three: pasts charcoal. Thefe
compofitions - for mufquet- powder are very near the prefent
ftandasd ; -the firft having in one hundred poomds of powder,
about one pound of faltpetre more than is at prefent allowed,
and the fecond three pownds more.

C 2 .. o0
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occafioned the meal-powder to be entirely laid
afide (*).

THE formation of artillery hath been very
little improved in the laft two hundred years;
the beft pieces now caft not differing greatly
in their proportions from thofe made in the
time of the emperor Charles V. Indeed lighter
and fhorter pieces have been often propofed,

(*) That powder was firft ufed in meal; and that long
after the invention of graining it for the ufe of {mall
arms, cannon-powder continued in its old form, are falls
not to be contefted. Tarfalea in his Quefiti, L: 3. Quef. g.
and" 10., exprefsly afferts, that then the cannon-powder
was in meal. and the mufquet-powder grained. * And our
countryman William Bourne, in his ART oF SHOOTING IN
GREAT OrpNauNCE, publithed forty years after Tartalea,
tells us in chap. 1. that ferpentine-powder (which he op-
pofes to corn or grained-powder) fhould be as fine as fand,
and as foft as flour: And in his third chapter he fays, that
two pounds of corn-powder will go as far as three pounds
of ferpentine-powder. Alfo Sir Hemry Manwayring, in his
SEaman’s DicTionary prefented to the Duke of Bucking-
ham in the time of Charles I, under the word powder,
tells us, there are two kinds of powder, the ome ferpentine-
po*wl:r, avbich powder “is duff (as it awere) aithout corning
The otber is corn-powder. Though he informs us
the ferpentine-powder was not ufed at fea. Indeed when
that book was wrote, I believe, powder. was ufnally corned, -
for the forelgn writers on artillery had long before recom-
mended its general ufe. ‘-

’

and
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and effayed; but, though they have their
advantages, and are extremely ufeful in par- .
ticular circumftances; yet it feems now to be
agreed, that they are altogether infufficient for
‘general fervice. But though the proportions
. of artillery have not been much varied within
that period; yet its ufe and application have
undergone confiderable changes, the fame ends
being. now generally purfued by fmaller pieces,
than what were formerly thought neceffary.
Thus the battering-pieces now univerfally ap-
proved of, are the demi-cannons, carrying a
ball of twenty-four pound weight; it being
found by experience, that their ftroke, though
lefs violent than that of larger pieces, is yet
fufficiently adapted to the firength of the ufual
profiles of fortification ; and that the facility
of their carriage and management, and the
ammunition they fpare, give them great ad-
vantages beyond the whole cannons formerly
employed ‘in making breaches. ‘The method
too (now generally followed) of forming a
breach, by firft cutting off the whole wall as
low as poffible, before its upper part is at~
‘tempted to be beat down, feems alfo to be a
confiderable modern improvement in the prac-
tical part of artillery. For I do not remember
to have feen this procedure recommended by
Cs any



any ancient anthor ; and Gabriel Bufca (*)
 who boafts much of his great experience,
~ gxprebsly direds the contrary,  Indeed Collado
mentions it as the pradice of the Turks (4);
but it is without commending it, or propofing
4t s an example to be followed.

Byt the moft important improvement in
the praltical mansgement of artillery (for of
the fcientific part we fhall treat by itfelf) is
the method of firing with {mall quantities
of powder, and elevating the piece fo that the
bullet in its defcent may juft go clear of the

(*) Vid. His Infirustione de’ Bombardseri, printed at Car-
magrola in 1584, cap. xxxvii. in which place he ordess the
breach to be begun at the upper part of the wall, and from

- thence to be continued downwards. .

(4) Vid. Pratica Manuale di Artigleria dal Mag. Signor
Luigi Collady Hifpano, Bettico, Nebrifenfe, printed at Pemice in .
the year 1586, cap. xx. Where he [ays —— zelle fattioni
del gran Turco Jempre fi adsperano i pexsi —~ da -
tagliare le muraglie per di fotto di eff tranfverfalmente, et di-
poi di alto in baffo a. perpendicoto, & tipplicandofvi poi tutt,i a un
iratto i bafilifchi, com che fanno cafear gin quella parte di mura-
ghia che era gia tagliata. This book here quoted was com-
pofed and publithed in Jtalian, although the author was a
Spaniard. But he ferved as an engineer in the Spani/b army
in Zraly. And he tells us in his preface, that he foon intended
to rc-publifh it in Spani/f, which laft edition is, I prefume,
what is quoted by Blondel in his Art de jetter les Bombes.

parapet
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parapet of the enemy, and drop into their
works. By this means the bullet coming to
the ground in a fmall angle, and with a fmall
velocity, it either bounds or rolls along in
the direGion it was fired in; and therefore,
if the piece be placed in a line with the
battery it is intended to filence, or the front it
. is to fweep, each thot rakes the whole length
of that battery or front, and has thereby in-
finitely more chance of difabling the defend-
ants, and difmounting their cannon, than. it
would have, if it was fired againft the fame
works in the common maanner.  This difpofi-
tion of artillery, which is indeed 2 moft ufeful
one, is the invention of the Marechal de Vau-
ban, and is by him ftiled Batterie a rico-
chet (*) and was firft put in pra@ife at the
fiege of Aeth, in the year (+) 1692. '

AFTER this brief recital of what has been
done in the mechanic part of Gunnery, we
muft next mention the different theories,
which have been from time to time advanced
. in relation to the motions of fhells and bullets;

(*) Vid. his book De 7 Attague et Iz Defence des places.
(+) 7id. the Journal of this fiege printed at the end of the
laft edition of Goulon’s Memoirs.

C4 in
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in which inquiry we fhall not indeed find
many things worthy of approbation, or even
of attention; but however, as it is a theme in
fome meafure conne&ed with the fubject of

the following treatife, we muft beg the read-
er’s indulgence. \

THE fieft author I have feen, who has pro-
fefledly written on the flight of cannon-fhot,
is Tartalea, a celebrated Ifalian mathema-
tician, famous for having invented the me-
thod of folving cubic equations, which is ufu-
ally afcribed to Cardan. This author in his
Nova Scientia, printed at Venice in the year
1537, and afterwards in his Quefiti et Inven-
tioni diverfi, printed at the fame place in
1546, has profefledly difcuffed feveral parti-
culars relating to the theory of thefe motions.
And though the then imperfect ftate of me-
chanicks furnithed him with very fallacious
principles to proceed on, yet he was nat alto-
gether unfuccefsful in his inquiries: for he is
fuppofed to be the firft who afferted, that the
. greateft range of projectiles was at an eleva-
tion of 459  He likewife determined (con-
trary to the opinion of pratitioners) that no
part of the track defcribed by a bullet was a
right line; although the curvature was in fome

cafes
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cafes fo little, as not to be attended to, he
. comparing it to the furface of the fea, which
though it appears to be a plain when partially
confidered, is yet undoubtedly incurvated round
the center of the earth. He alfo afflumes to
himfelf the invention of the gunner’s qua-
drant, and has often given fthrewd guecfles at
the event of fome untried methods, which
were propofed to him. But as he had never
been converfant in the practice of artillery,
but founded his opinions on fpeculation only;
almott all the writers, who fucceeded him, were
perpetually carping at him, though often with-
out naming him; of which many examples .
might be given from the works of Bufia,
Collado (*), Ufano, Simienowicz, &c. And
the philofophers of thofe times often inter-
vening in the queftions hence arifing; there
were hereby many difputes on motion fet on

(*) Collade cap. lxiii, denies that Tartelea was the in-
ventor of the gunner’s quadrant, and quotes Daniel Sant-
_ bech, or Regiomontanus (for he confounds them) as having
known it many years before. But the truth is, that Sans-
bech’s book from whence his quotation is taken (Problema-
tum Afironomicorum & Geometricorum fecliones feptem) was not
printed till the year 1561, which was long after Tartalea,
Nor did Santbech, though he talks of the different elevations
of artillery, know the method of framing a quadrant proper
for his purpofe.

' ' foot
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foot (efpecially in Irely) which continued till
the time of Gakleo, and perhaps gave rife to
his celebrated dialogues on motion, which
were fioft printed in the yoar 1638. And in
¢his interval, or before the do@rine of Galidw
was eftablithed, many theories of the myo-
tions of military projectiles, and many tables
of their comparative ranges at different ele-
vations were publithed ; all of them egregiounf-
1y fallacious, and wtterly irreconcileable with
~ the motions of thofe bodics, although fomé of
them were the labours of fuch, who had fpent
the greateft part of their lives in employ-
ments relating to the artillery. Such were
the tables of Ufano, of Galkus, of Ulrick, &,
taken notice of by Blndel (*). To which
.might be added many mere not mentioned
by that author. Indeed there have been very
few ancient writers on this fubjec (and they
" are a numerous fe&t) who have not indulged
themfelves in fome {peculations on the differ-
ence betwixt natural, violent. and mixt mo- ~
tions; although in the application of thefe

{*) Note, the opinion difcufled by Blende/ in his Art de
petter Jes Bombes, €ap. v. is not originally of Riwaltins, whom
Blonde! quotes for ity but of the laft mentioned Sanidech, from

whom Riwaltius. Bole it. Vid. Saatbech, {e&t. 6.

1 ' miftaken
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miftaken notions, fcarce any two of them
agreed.

But what is moft ftrange, is, that during
thefe contefts fo few of thofe, who were in-
trufted with the charge of artillery, fhould
think it worth while to examine their refpec-
tive theories by proper experiments. However
thus it has happened, for I do not remember to
have met with more than four authors, who
have a&ually tried the ranges of thot and fhells
at different elevations. The firft of thefe is
" Collado, who has given us the ranges of a
falconet carrying a three pound fhot to each
point of the gunner’s quadrant, But from his
numbers it is manifeft, that the piece was not
charged with its cuftomary allotment of pow-
der (*). The nextis our countryman Bourne

]

(*) The refult of his trials was, that the point blank
fhot extended 268 paces. At an elevation of one point
(which is the twelfth part of the quai?nt or 7°1) the
range was 504 paces; at an elevation of two points,the
range was 794 paces; at three points, 954 paees; at four
points, 1010 paces; at five points, 1040 paces ; and at fix
points, 1053 paces. The range at the feventh point fell
between thofe of the third and fourth ; at the eighth point
it fell between the ranges of the fecond and thiid ; at the
ninth pomt it fell between the ranges of the firlt and fe-

cond ;
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in a treatife printed the next year after Col.
lads. His elevations were not regulated by
the points of the gunner’s quadrant, but by
degrees ; and he afcertains the proportion be-
tween the ranges at different elevations, and
- the extent of the point blank fhot (¥). But
he has not informed us, with what piece he
made his trials; though by his proportions, I
prefume, it muft have been a fmall one. It were
to be withed, that he had fet down this cir-
cumftance; for we fhall hereafter fhew, that
the relation between the extent of different
ranges will vary extremely, according to the
velocity and denfity of the bullet, The other

cond; at the tenth point it fell between the point blank
diftance and - that of the firft point ; and at the eleventh
point it fell very npear the piece. %id. Cap. lxi. And
note, that the paces ufed by this author are not geome-
trical paces, but common fteps, as he informs us Cap. xlii.

 (*) If 1 reprefents the extent of the point blank fhot,
then according to this author, the range at §° will be
27, at 12° it will be 3y, at 15° it will be 41, at 20° it
will be 4%, and the greatef random will be 52 ; which
greateft random, he tells us, in a calm day is at 42°;
but according to the ftrength of the wind, and as it fi-
vours or oppofes the flight of the fhot, it may be from
45° to 36° Vid. His art of fhooting in great ordnaunce,
Cap. vii. ,

$wo,
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two, which have occurred to me, are Eldred and
Anderfon, both Englifbmen ; the laft of thefe
having vitiated his experiments by his too
great attachment to an erroneous theory, I
thall have occafion to -mention him hereafter.
But Eldred (*) deferves a better chara@er ; his
principles were fufficiently fimple, and though
not rigoroufly true, they were, within certain
limits, near the truth He has given us the
3¢tual ranges of different picces of artillery at
fmall elevations, all under ten degrees. His
experiments are numerous, and appear to be
made with great care and caution ; and he has
honeftly fet down fome, which were not re-
concileable to his mcthod and upon the whole
feems to have taken more pains, and to have
had a jufter knowiedge of his bufinefs, than is
to be found in many of his prattical brethren.
For they have been generally too much attach’d
to fome incorrect theory, or ta the common
ufage which they have always followed, to -
think of extendmg their art by proper expe-.

*) HIS book is intitled THE GUNNER's- GLAssE, and
the experiments he relates were moft of them made at Dower-
Caftle, of which place he was many years mafter-gunner.
The earlieft date I find to any of his experiments is 1611,
but his book was not publithed till 1646.

riments,
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riments, or indeed to conceive, that it was fiot
already compleat ; it would otherwife have been
impoffible, that pofitions fo little to be reconciled
with experience, thould have held their ground
fo long as they have done ; a remarkable inftance
of which, is the doctrine which has taken
place in this fubje, fince the time of Galiles,

GavrivLeo printed his dialogues on motion
in the year 1638, as we havealready obferved ; -
and in thefe he has pointed out the general laws
obferved by nature in the produ@ion and com~
pofition of motion, and was the firft, who de-
feribed the action and effelts of grawity om
falling bodies ; and on thefe principles he de-
termined, that the flight of a cannon-fhot,
or of any other projectile, would be in the
curve of a parabola, umlefs fo far as it were:
diverted from that track by the refiftance:
of the air., And what inequalities would:
thence arife, he has propofed the means of
examining; for he has defcribed a method of
difcovering what fenfible effects, that refift-
ance would produce in the motion of a bul-
let at fome given diftapce from the piece.

WHEN Galileo had: thus thewn, that, inde--

Pendent of the refiftance of the air, all/pro-
jetiles



jectiles would:in their flight defcribe the curve
of a parabola; itmight have been expected, thag
thofe, wha came after him, would have tried, how
far the rea] motiops of projectiles deviated from,
a parabolic track ; in arder thence te have de-
cided, whether the refiltance of the air was,
ar was not, neceffary te be attended to in: the
determinations of gunnery. But inftead of
this cautions procedure, the: fubfequent wri-
tess;on gumnery have boldly aflerted (without
an experimental examination) that no confi-
denable wvariation. conld arife from the refift-
ance of the air; in the flight of fhells or
cannon-fhot;, fupporting themfglves in this
perfaaficn. chiefly by the confideration of the.
extrteme rarity of the air, compared with
the'denfe’ and. ponderous compefitian, of - thofe:
peojected bodies.  And hence (this maxim
" of the inconfidesable effe@s of the aif’s re-
fiflance. to the mation of fhells and bullets,
being continually repested and capied by fuc+
ceeding authers,) it is now became- an agi-:
am.almoft generally acquiefcsd, in, that the;
flight of thefe bodies is nearly B thc curve-
ofa p&rabola

For in the year 1674, our countryman -
derfon publithed his treatife of the’ gemuine ufe
' auvd
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and effects of the gun. In which he proceeds |

on the principles of Galileo, and ftrenuoufly

afferts the flight of all bullets to be in the

curve of a parabola; undertaking to anfwer
all objections, that could be urged to the con~
trary., And in the year 1683, monfieur Blon-
del publithed at Paris L’Art de jetter les

Bombes, where the doGrine of Galileo is like-.

wife applied to the motion of fhells and bul-
lets of all kinds, and the variations of this
do@rine, which can arife from the refiftance
- of the air, are particularly mentioned ; and
after a long difcuffion the - author concludes,
that they will be fo very minute as fcarcely to

affet the accuracy of his conclufions (*).-

Alfo, the fame fubjet is treated of in our Phi-
lofophical Tranfa&ions () by Dr. Halley, who,
fwayed by the confideration of the very great
difproportion between the denfity of bullets
and of the air, thinks it reafonable to believe, that
the oppofition of the air to large metal fhot

- is fcarcely difcernible ; although in fmall land
light fhot he acknowledges, that it ought and

muft be accounted for.

IN confequence thén of thefe opinions. a-
bout,the inconﬁdera}ble effets of the air’s re-

(*) Vid. page 345. of the firft quarto edmon at the‘

hottom, alfo page 355, and followmg
() Vid. No. 216. p. 68. fiftance
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fiftance on heavy fhot, and the demonftrations
of Galileo, that all projectiles moved in the
curve of 'a parabola, if thcy were rot difturb-
ed by that refiftance ; it is now an opinion ge-
nerally advanced by the writers on the theory
" of Gunnery, that the flight of fhot and fhells
is nearly in the curve of a parabola; for the
truth of which, we may appeal to the pro- .
fefled authors on this {ubje&, who have wrote
within the laft forty years.

Bu T though this hypothefis went fmoothly
on with thofe, who contented t\hemfelves with
fpeculation only; yet Anderfon, who made a
great number of trials, found it impoffible .
to fupport it without fome new modification.
For though it does not appear, that he ever
examined the comparative ranges of either
cannon or mufquet thot, when fired with their
ufual velocities ; yet his experiments on the
ranges of fhells thrown with fmall velocities
(in refpect of thofe laft mentioned) convinced
him, that their whole track was not parabo-
lical, as appears by his treatife, intitnled, 7o
bit a mark, publifhed in the year 16go. But
inftead of making the proper inferences from
hence, and difcovering the refiftance of the
air to be of corfiderable efﬁcacy ; he from his
great attachmcnt to his firft opinions framed

Vor. L D a new
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‘a new- hypothcﬁs, which was, -that the fhell
or byllet at its firft dxfchargc, flew a certain
diftance in a right line, from the end Qf
which line only it began to bend into a;
bala. And this right line, which be calis -.t.hc.
line of the impulfe of the fire, he fuppofes
to be the fame in all ¢levations. By this hy-
pothcﬁs (thowgh an indefenfible one) it was al-
ways in his power, by affigning a proper mag-
nitude to this line of impulfe, to reconcile
any two fhot made at different angles, how-
cver oppofite they might prove to the com-
mon principles. But evep .this new-modelled
theory was not, I believe, confirmed by
his following expenments, far he has. o
where ventured to give us experiments of throe
ranges made at three different elevations, witl
the fame quantity .of powder; as finding,
1 prefume, that though by this fcheme he
could reconeile two jarring ranges, the irtegu-
larities of three were infurmountable. And,
3f fuch inequalities were produced by the re-
fiftance of the air in the motion of 2 fhell,
impelled from a mortar by an inconfiderable
quantity of powder, what may not the adti-
on of theair be {uppofed to effe® in the mo-
tions of bullets, which bejng impelled by a
- full charge of powder throngh a much longer
* cylinder, move perhaps three or four times
2 . . as
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es ‘faft ; and confequently andergo noir ffty
times the 'refiftance, as will ‘be more particu-
larly evinced hereafter.

‘Tuar the refiftince of the air, which
a&ts with fuch prodigious power on all fwift
bodies, thould be entirely undttended to by the
practitioners in Gunrery, is not the only re-
markable circumftanice, which occurs in this
énquiry ; for after the publication of Sir Ifzac
Newton’s Phiiofophie Naturalis Principra Ma-
thematica it might have been expeed, that
all mathematicians thould have been convinced
of its energy ; fince in that immortal work
the law and quantity of this refiftance ‘to
flow motions is determined, and confirmed by
many experiments. Indeed the fame law,
when extended to fwift motions, will be defec-
tive, and will exhibit the refiftance greatly
fhort of what, it really comes out by experi-
ment, {of which Sir Jfaac Netwton himfelf has
givenus (*) warning ;) yet even upon his prin-
ciples it-would appear, thdt the acion of the

it on bullets is by far too confiderable to be

negleted.  But notwithftanding this obvious
ptoof of the neceffity of confidering the acti-
onof the ait on military projectiles; Ican re-
collet but one inftance, where any computa-

) Vul Phil. Nat. Prin, Math. p. 351. L 17. .
D2 _ tions

-
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tions founded on Sir Ifzac Newton’s dorine,
have been applied to thefe motions (*)..

To fum up now at once all we here intend
to obferve on this head. It appears, that the
modern writers on the art of ‘Gunnery have
been very much deceived, in fuppofing the re-
fiftance of the air to be inconfiderable, and
thence afferting, that the track of thot and
thells of all kinds is nearly in the curve of a
parabola,  ‘That by this means it has happen-
ed, that all their determinations about the
ﬂight of fhot difcharged with confiderable
degrees of celerity are extreamly erroneous;
and confequently that the prefent theory of

Gunnery in this its moft 1mportant branch is
ufelefs and fallac:ous

Now to obviate in fome degree thefe im-
perfections in this art, we have undertaken in
the fecond chapter of the enfuing treatife,
not only to confirm, what we have here af-
ferted relating to the falfity of the _parabo-
lic motion of thefe projectiles; but likewife
to afcertain the actual degree of refiftance,
which every fhot undergoes according to the .
velocity, with whxch it moves ; whence, as the

(*) Vid. comm. 'Acald. Petrop. Tom. 2. p. 338. 339.
ve-
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Velocity, with which the bullet iffues from.
the piece, is eafily known by the principles
delivered in the firft chapter; the delincation
of the track pafled through by the bullet -
hereby becomes a geometrical problem, which
indeed in its utmoft extent is of a very com-
plicate and operofe kind ; but in the inftances
which are moft frequent in practice, it ad-
mits of fome very eafy approximations, which
enable us readily to compare the actual ranges
of bullets thh thc refult of this theory,

Anp though fuch, as examine the follow-
ing treatife with attention, will not, I be-
lieve, entertain many doubts of the certainty
of the determinations therein contained ; yet
it might have been expeted perhaps, that
the accuracy of thofe principles fhould have
been ftill more irrefragably eftablifhed by ex-
periments on the real ranges of pieces, com-
pared with computations  founded on this
theory. And, indeed, 1 did once intend to
bave added a chapter with this view ; but
two seafons have diverted me from this de-
fign. The firft was, the difficulty I found in.
afcertaining the extended ranges; a difficulty,
which none but thofe, who fhall attempt ex-
periments of the fame kind, can be judges of.
The fecond reafon was an irregularity which

D3 - in-

|
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intervened in thefe ranges, and which rens
dered all my endeavours fruitlefs; for the
fame piece at the fame elevation would con-
vey the bullet to very diftant places, fo that
no two trials agreed with each other; asI
have more particularly recited in the 7th pro=
pofition of the 2d chapter,

Bu T notwithftanding thefe difficulties,which
have hindered me frem inferting in the fol-
lowing treatife fuch experiments on the
ranges of fhot, as might corroborate the
theory of refiftance there delivered, I have
‘yet refolved to purfue this fubjet ; and I flat-
ter myfelf that I have invented a method of
preventing the laft-mentioned inequality from
takmg place, which unlefs it can be done, it
js fufficiently obvious, how frujtlefs all experi-
ments of this kind muft prove. The refult
of my future trials on this head, I intend for
a fecopd part to this treatife ; in which, be-
fides thefe experiments on the track de-
fcribed by the flight of bullets, and the ne-
ceflary geometrica] determinations, with which
they muft be compared, I propofe to infert
‘many other experiments, which though of a
mifcellaneous nature, are yet all of them con-
‘nected in fome degree with the theory or
practie of Gunnery, T fhall alfo annex to
C ' ' . - this

~
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this' fecond part many maxims and’ practical
precefits, which will arife from the preced-
iftg principles ; and will, I hope, be of fome '
confequence in the future management of
artillery. A cotifiderable part of this fecond’
work I' have already by me; as likewife an’
apparatus’ purpofely intended for compleating
it. Bit thof c‘x‘pcrlrﬁents which are yet’
Wantiﬁg, will require great lelﬁlrt and a pro--
per feafon to” ekecute,

A the followmg fheets, befides the deter--
~minat10n oftthe quaritity of the air’s refift-
ance; do llkewife contain® the theory of the’
force, and action of powder ; it'may perhaps’
be expeé’ced that I fhould give fome account
of what' preceding’ atithors Have advahted on
this: fibje®. But'all; I haveever ovet with ofi’
this head, hath beeh fo vague “and indifting,
that'it'is oftén difficult to deterthine” the true!
meaning of the writtf, THe moft! intélligible!
hy'potheﬁs ofi this head, atid-what'{keértisindeed’
to"havebeen theoriginal of all'the others; is’

tHat' of monfieur 4o la” Hire.

 Iiv‘thiehiftotyof the Frentb A(:adémy of f¢i
encesfor the'year 17702, monfieur de la'Hire has' .

fﬂppbfeﬁ‘that ‘the fbree of powdet may beow=

ing to"the" intieifed ‘elatticity of the'* air' con-
D4 _ tained-
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tained in, and between the grains, in confe.
quence of the heat and fire produced at the
tme of the explofion. Now, if this air, to
- whofe augmented fprmg the violence of gun-
powdcr is imputed, be in its natural ftate, at.
the time when the powder is fired (and fure-
ly what is in the intervals of the grains muft
be allowed to be fo) the greateft addition its
elafticity could acquire from the flame of
the explofion, would not amount to five times
its ufual quantity, as we fhall more particu-
larly evince hereafter (*); that is, it would
" not fuffice for the two hundredth part of the
effort, which we have found to be exerted
by fired powder. ,

Howeveg, this hypotheﬁs hath given Tife
to many differtations and treatifes in a nelgh-.
bouring nation, and one author in particu-
' lar conceives he has made a very reafonable
poftulate, in fuppofing the clafticity of the
air, when heated by the exploﬁon of the pow-
der, to be only a hundrcd times greater,
than when it is heated to the degree of boil-
ing water. But, as I think, I have thewn
the impoffibility of accounting for the atual
force of power on thefe principles; 1 will not
detain the reader any longer with a particular
_(*) Vid, Prop. V. Cap. 1. of the fullowing treatife.

- , re-

!
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recital of the fpeculations of thefe different
writers ; ‘efpecially, as I flatter myfelf, that I
- have eftablithed that theory of the force of '
powder, , which is contained in the following
fheets, by fuch decifive experiments, as will
render a formal confutation of any other opi-
nion unneceflary.

CHAP.
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PRINCIPLES

OF

GUNNERY.

T R T I,
CHAP L
Qf the force of Gunpowder.

WWW&W#W#WM#M“*

PROPOSITION I

Gunpowder, fired either in a vacuum or in air,
produces by its explofion a permanent elaftic
Sluid.

F a red hot iron be included in a receiver,

and the receiver be exhaufted, and gun-

powder be then let fall on the iron, the

wder will take fire, and the mercurial

gage will fuddenly def¢end upon the ex-

plofion; and, though it immediately afcends again,
yet it will never rife to thé heighe, it firft ftood at,
but will coptinue deprefled by a fpace proportioned
to the quantity of gunpowder, which was let fall on
the iron. This is a well known experiment, and is
circumftantially defcribed by Mr. Haukfbee, in the
Philofophical Tranfattions, No. 295 ; in which place
he tells us, that he by this means (firing {mail
,c}uaptitics at a time) reduced the gage from 219;-

; : inches
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inches to 123. Now this experimenz, which hag
been often repeated, proves the propofition withr
refpect to the production of a permanent elaftic fluid
in a vacuum ; for the defcent of the gage could only
be effeted by the preflure of fome new generaied
fluid in the receiver, ballancing in part the preflure
of the external air. That this fluid, or fome part
‘of it at leaft was permanent, appears from what
Mr. Haukjbee relates in the fame place ; that though
the quickfilver afcended after the operation, yet it
next day had afcended no higher than to 22}, at
which place it feemed to continue fixed. And, that
this flwid is elaftic, is proved from the defcent of the
mercurial gage; fince the quantity of matter con-
tained in this fluid, could not by its gravity alone
have funk the quickfilver by the leaft fenfible quan-
tity ; alfo from its extending itfelf through any fpace
however great ; the experiment fucceeding in either
a large or fmall receiver, only the larger the re-
ceiver the lefs will be the defcent of the mercurial
gage to the fame quantity of powder; the preffure
of the generated fluid diminithing as its denfity
diminifhes.

The fame produétion likewife takes place, when
gunpowder is fired in the air *; for if a {mall quan-
uty of powder be placed in the upper part of a
glafs tube, and the lower part of the tube be im-
merged in water, and the water be made to rife fo
near the top, that only a fmall portion of air is left
in that part, where the gunpowder is placed; if in
this ficuation the communication of the upper part
of the tube with the external air be clofed, and the
gunpowder -be fired (which may eafily be done by
a burning-glafs) the water will in this experiment
defcend on the explofion, as the quickfilver did
in the laft, and will always continue deprefled
below the place, at which it ftood before the ex-

* Vid. Hankflee. Phy(, Mechan, Exper. page 81.
o Pplofion,
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plofion; and the quantity of this depreffion will be
greater, if the quantity of powder ge increafed, or
the diameter of the tube be diminithed. From
whence it is proved, that as well in air as in a
vacuum, the explofion of fired powder produces a
permanent claftic fluid.

SCHOLIUM.

It has been known ever fince the time of Mr.
Boyle, that many fubftances, in fermentation and
other chymical operations, produce elaftic fAuids
analogous in fome of their effe¢ts to the common
air. It is likewife known, that other mixtures will

.in many cafes abforb a part of the air contiguous to

; them; in particular, it is obferved, that all burning
bodies and all fulphureous fumes deftroy great quan-
tities of air, either by abforbing it into their own"

" fubftance, or at leaft by depriving it of its elafticity.
This creation and confumption of air in chymical
procefles has been lately moft diligently and fuccefs-
fully examined by the reverend Mr. Hales in his
Vegetable Statics. And,on thefe principles it follows,
that in the laft experiment the fulphureous fumes
arifing from the burning of the charcoal and brim-
ftone contained in the powder muft foon abforb fome
of the air, in which the powder is fired; for which
reafon it is neceffary, that the bulk of the air, which
the powder is placed in, before it is fired, fhould
bear as fmall a proportion as. poflible to the quantity
of powder; fo that the fuccefs of the experiment
may not be difturbed by the abforbed air, approach-
ing to an equality with the generated fluid.

There is befides another reafon, that, when powder
is fired in the manner of the laft experiment, the
bulk of the air, in which it is placed, fhould be as
little as poffible; which is, that the fire at the inftant |
of the explofion will greatly augment the elafticity

: 1 of
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of that air, and .the 'proflure arifing from this in-
crealed elafticity, :being added to the force of the
gcg:ratcd fid, ‘will endanger the burfting of the
guoe. ‘ )

’

PROP IL

Do explain more particularly the circumflances
attending the explofion of yunpowder, either in
@ vacaum or in awr, when fired in the mammer
deferibed sr the experimnts of the laff pro-
Pfition. ‘

H E N any confiderable guantity of gun-
. powder is fired in un exhaufted reeciver; by
‘being let fall onia red hot irony dhe mnercurial gage
inftantly defcends wpon tthe explofion, and as fud-
denly afcends again; and aftera few vibravions, nent
of which except the firt are of any great exteat, it
Beemingly fixes at a place Jower than whete it ftood
before the explofion; and this ftationary point is,
what ‘we have always attended to in our experiments.
But even, when the gage has ‘acquired this point of
apparent repafe, it fiil continues rifing for a confi-
derable time, although by fuch imperceptible de-
grees, that it can only be difcovered by comparing
sogether its place at diftant intervalss however, &t
will not always continue o afcend, but will rife
flower and flower, till at laft it will be abfolutel
fixed at a point Jower, than where the mercury ft
 before the explofion.

The fame circumftances nearly happen, when
powder is fired in the upper part of an unexhaufted
tube, whofe lower part s imemerged in water.

Now thefe appearances all arife from the different
modifications, which the fluid, produced from the
explofion, undergoes. The firft {udden defcent of
the mercory is cffefted by the ation of that ﬂtll:g;

w
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~ahile .in ;the form of flame. "When the flame i3
extinguithed, .and:confequently the heat of the fluid
is diminithed, its elafticity .is likewife diminitheds
end this beingeffedted ina very fhort time, occafions
ghe {fudden ri%c of the mercury afterthe firft defcent.
When the fluid is reduced 1o the temperature of :the
contaiping receiver, ;its elafticity is :then more fixed
and invariable; .and this :imuft ufually happen by
the time the mercuridl gage fisft ;appears-to be fta-
tionary. The filbfequent flow afcent of the mercury
is pattly owing to the decreafe of the heat of the
seceiver, occafioned by the cooling of the het iron
contained in it; but much mete to the attion of 'the
fulphureous fumes of the brimftene and charcoal,
- whigh abforb a part of the generated fluid, and thereby
diminith its preffure on the gage. '

SCHOLIUM.

In the following propofitians we fhall irrefragably
Jemonftrate, that the force of fired gunpowg_:r s
nothing more than the preflute of the fluid, which
i .generated in the preceding experiments; and chat
this fluid in its action obferves the fame laws with
other elaftic fluids, particularly the air; fo that what-
ever power is produced by the firing of a given quan-
tity of gunpowder, the fame wguld be exerted by
fubftituting in its ftead a quantvig of air equal to the
fluid generated in the explofion, provided that air
be included in the fame fpace, and be heated to the
fame degree, as the other fluid is, at the inftant of

its firing. Mr. Hales has concluded, that the weight
of the f%&itious elaftic fluids produced from chymical .
roceffes is the fame with that of common air; he
Kaving tried that produced from tartar with great
exaltnefs. He has found too, that they expand with
heat, and contraét with cold, and that with the fame
. preflure they are conderifed in the fame degree with
: : common
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common air. - And that, when they are ‘cleared of
their fulphureous fumes, which is done by making
them pafs through water; they will then continue
for many months, nay years, without lofing any
‘confiderable part of their elafticity. And from thefe
and other circumftances he doubts not to affert, that
thefe fluids are true permanent air. Now if this be
fuppoled of all, or any of the elaftic fluids produced
by diftillation, burning, &F¢c. it muft be preferably
allowed to be true of that fluid, which is generated
in the explofion of gunpowder; fince it is from falt-
tre alone, that this fluid feems to be derived (for
neither the brimftone nor the charcoal yield it, when
fired by themfelves) and faltpetre is known to be a
fubftance imbibed from the air by earth; for the fame
parcel of earth by being properly expofed to the air
will furnifh faltpetre over and over again for ever.
However. though it be highly reafonable to fuppofe,
that the elaftic fluid arifing from the firing of powder,
is genuine and permanent air; yet the truth or falf- -
hood of this fuppofition no ways affects the certainty
of our conclufions. It is fufficient for our purpofe,
that it is an elaftic fluid; whether it be air or another
compofition, our reafoning will be ftill the fame; fince-
it is by experiments on this fluid itfelf, and not by
obfcure fpeculations on its nature and qualities, that
our future dedutiogs relating to its force and ation
are confirmed. ‘ ' .

PROP,
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PR OP. IIL

The elaflicity or preffure of the fluid produced by
the firing of gunmpowder, is ceteris paribus
directly as sts denfity. -

H]IS follows from hence, that, if in the fame
receiver a double quantity of powder be let

fall, the .mercury will fubfide twice as mueh as in
the firing of a fingle quantity. For the vapour pro-
duced from the double quantity being contained in
the fame receiver will be of double the denfity of that
produced from the fingle quantity; whence the ela-
fticity or preflure eftimated by the defcent of the
mercury being likewife double, the prefiure is directly
as its denfity. Alfo the defcents of the mertury,
when equal quantities of powder are fired in different
receivers, are reciprocally as the capacities of thofe
receivers; and confequently as the denfity of the
produced fluid in each. -
But as in the ufual method of trying this experi-
ment, the quantities of powder are fo very fmall,
that it is difficult to afcertain thefe proportions to a.
requifite degree of exactnefs; I took a large receiver
containing about 520 inches, and letting fall at once
on the red hot iron, 1 dram or the o of an ounce
avoirdupoife of powder (the receiver being firft nearly
exhaufted,) the mercury after the explofion was fub-
fided 2 inches exactly, and all the powder had taken
fire. Then heating the iron a.fecond time, and
exhaufting it as before, 2 drams were let down at
once, which funk the mercury 33, and a'fmall pare
of the powder had fallen befide the iron, which (the
bottom of the receiver being wet) did not fire, and
the quantity, that thus efcaped, did appear to be
nearly fufficient, had it fallen on the iron, to have
funk the mercury § part of an inch more; in which
Vor. L. E cafe

~
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cafe the two defcents, viz. 2 inches and 4 inches,
would have been accurately in the proportion of the
refpective quantities of powder; from which propor-
tion, as it was, they very little varied.

Hence then it appears, that the elafticity of the
vapour produced by gunpowder in its explofion, is
directly as its denfity.

PROP. 1V,
To determine the elaflicity, and quantity of this

elaftic fluid, produced from the explofion of a

given quantity of gunpowder.

S different kinds of gunpowder produce dif-
_A ferent quantities of this fluid in proportion
to their different degrees of goodnefs, before any
definite determination of this kind can take place, it
is neceflary to afcertain the particular fpecies of pow-
der that is propofed to be ufed; and therefore I fhall
in every examination and pofition relating to this

" fubject fuppofe the powder in queftion to be of the
fame fort, with what is made for the ufe of the
government; that being by contrat to confift of a
known and invariable proportion of materials; and
is therefore much properer for a ftandard, than what
is compounded according to the arbitrary fancy of
the artift. :

This being fettled, we muft further premife thefe
two principles, which we have already mentioned
in the {cholium to prop. II. the firft, that the elafti-
city' of this fluid increafes by heat, and diminifhes
by cold, in the fame manner as that of the air; the
fecond, that the denfity of this fluid, and confequently
its wcight, is the fame with the weight of an equal
bulk of air, having the fame elafticity, and the fame
temperature,

Now
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~ Now from the experiment recited in the laft pro~
pofition, it appears that 4% of an ounce avoirdupoifes
or about 27 grains troy, of powder, funk the gage
on its explofion 2 inches; and the mercury in the
barometer ftanding at near 30 inches, 15 of an ounce
avoirdupoife, or 410 grains troy, would have filled
the receiver with a fluid, whofe elafticity would
have been equal to the whole preflure of the atmo-
fphere, or the fame with the elafticity of the air
we breathe; and the content of the receiver being
about 520 cubic inches, it follows, that ;% of an
ounce of powder will produce 520 cubic inches
of a fluid, poflfefling the fame degree of elafti-
city with common air; whence an ounce of pow-
der will produce near 575 cubic inches of fuch a
fluid.

But in order to afcertain the denfity of this,fluid
we muft confider, what part of its elafticity, at the
time of this determination, was owing to the heat it
received from the included hot iron and the warm
receiver, Now the general heat of the receiver
being manifeftly lefs than that of boiling-water,
which is known to increafe the elafticity of the
air, fomewhat more than } of its augmented quan-
tity ; 1 collect from hence and other circumftances,
that the augmentation of elafticity arifing from this
caufe was about the tth of the whole; thatis, if
the fluid arifing from the explofion had been re-
duced to the temperature of the external air, the
defcent of the mercurial gage, inftead of 2 inches,
would have been only 1 % inch; whence 575, re-
duced in the proportion of 5 to 4, becomes 460;
and this laft number reprefents the cubic inches of an
elaftic fluid equal in denfity and elafticity with com-
mon air, which are produced from the explofion
of 1 ounce avoirdupoife of gunpowder, the weight
of which quantity of fluid, according to the ufual

eftimation of the weight of air, is 131 grains; whence
E2 the
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the weight of this fluid is 3} or % nearly of the
weight of the generating powder. ‘

It the ratio of the bulk of the gunpowder to the
bulk of this fluid be wanted, this will be determined
by knowing, that 1 ounce, 1 dram, or 17 drams.
avoirdupoife of powder,. fill 2 cubic inches, if the
powder be well fhook together; wherefore augment-
ing the number laft found in the proportion of 16
to 17, the refulting term 488 3} is the number of
cubic inches of an elaftic fluid, equal in denfity with
the air produced from 2 cubic inches of powder ;
whence the ratio of the refpetive bulks of the pow-
der, and the fluid produced from it, is in round
numbers, 1 to 244.

And farther, to confirm this determination, 1
fired the quantity of a dram of powder four times
fucceffively, in an exhaufted receiver by a burning-
glafs; the capacity of this receiver was 470 cubic
inches. - Thefe experiments were more troublefome
than thofe, in which it was fired by a hot iron, be-
caufe it was fometimes long before it would fire; in
which interval the air would often infinuate itfelf,
"and thereby difturb the meafures of the defcent; and

" befides, near ; part of the powder was ufually diffi-
pated unfired by the blaft: however, by colletting
the grains that were thus fcattered, and weighing
them, and increafing the defcent by a proportional
quantity, the fubfiding of the mercury, correfpond-
ing to one dram -of powder, was the.firft time
2, 1 4 inches, the fecond time 1, 8 — inches, the
third time 2, 1——, and the fourth time 1,85
inches, or at 2 medium 1,96 inches; and this,

- diminifhed in the ratio of 520 to 470, becomes 1,

77 for the defcent to a like quantity in the firft

receiver. Now the deduction to be made on ac-
count of the heat of the receiver was but little in
thefe experiments; for, by including a fmall ther-
mometer, I found that the fluid within the receiver

| was
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was not hotter after the blaft than that of the fummer
air; whence, if the defcent 1,77 be reduced in the
ratio of 13 to 12, which is nearly that of the elas
fticity of hot fummer air to temperate air, it becomes -
1,63 nearly, which differs little from 13, or 1,6;
which is, what we found it to be in the preceding
experiment : whence the proportion between the
refpe&tive bulks of the powder, and the fluid pro-
duced from it, may be ftill aflumed to be that of =
to 244. ' .
And this ratio agrees very well with the expefi-
ment recited by Mr. Haukfbee in his .Phyfico- Mecha-
nic Experiments, p. 813 for he there found, that
one grain of powder produced, when fired in the
air, a cubic inch of elaftic fluid, which, fuppofing
the denfity of powder to be what we have here
affigned, gives the ratio of their refpeétive bujks
to be that of 1 to 232; a difference, from what
we have afligned above, that may eafily arife from
the difference of the powder only. Whence -we
may.conclude, that the prefence of a greater or lefs
quantity of air does not affect the production of this
fluid; fince, by comparing Mr. Haukfbee's experis
ment with our own, it appears, that the fame quan-
tity of this fluid is generated in a wacuum as in the
air.
If this fluid, inftead of expanding when the pow-
der was fired, had been confined in the fame fpace,
which the powder filled before the explofion; then
(its elafticity having been fhewn to be as its denfity)
it would have had, in that confined ftate, a degree .
of elafticity 244 times greater than that of common
air; and this independent of the great augmentation
this elafticity would receive from the action of the
fire in that inftant.
Hence then we are certain, that any quantity of
wder fired in any confined fpace, which it ade-

quately fills, exerts at the inftant of its explofion
E 3 againft
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againft the fides of the veffel containing'it, and the
bodies it impels before it, a force at leaft 244 times
greater than the elafticity of common air, or, which
is the fame thing, than the preflure of the atmo-
fphere; and this without confidering the great addi-
tion which this force will receive from the violent
degree of heat, with which it is endued at that time;
the quantity of which augmentation is the next head
of our enquiry. ‘

PROP. V.

To determine bow much the elaflicity of the air is
augmented, when beated to the extremef} beat
of red-bot iron. :

T O fix this point, I took a piece of a mufket-
) barrel, about fix inches in length, and, or-
dered one end to be clofed up entirely ; but the
other end was drawn out conically, and finifhed in
an aperture of. about § of an inch im diameter. ’
- This tube, thus fitted, was heated to the extremity
of a red heat in a fmith’s forge, and was then im-
merged with its aperture downwards in a bucket
of water, and kept there, till it was cool; .after
which it was taken out carefully, and the water,
which had entered it in cooling, was exactly weighed.
"The Aveight of the water thus taken in at three
different trials was 610 grains, 595 grains, and 600
grains refpectively.  The content of the whole
cavity of the tube was 796 grains of water; whence
the fpaces remaining unfilled in thefe three expe-
rim.ents were equal in bulk to 186, 201, 196
grains of water refpetively; and thefe fpaces did
doubtlefs contain all the air, which, when the tube
was red-hot, did exiend through its whole concavity ;.
confequently the elafticity of the air, when heated
to the extreme heat of red-hot iron, was to the

 elafticity
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elafticity of the fame air, when reduced to the tem-
perature of the ambient atmofphere, as the whole
capacity of the tube to the refpettive fpaces taken up
by the cooled air; that is, as 796 to 186, 201, 196,
- or taking the medium of thefe three trials, as 796
t0 194+

The heat given to the tube each time was the
beginning of what workmen call a white heat; and
to prevent the ruthing in of the aqueous vapour at
the immerfion, which will otherw??c drive out great
part of the air, and render the experiment fallacious ;
I had an iron wire filed tapering, fo as to fit the
aperture of the tube, and with this I always ftopt it
. up, before it was taken from the fire, letting it
remain in till the whole was cool, when removing
it, the due quantity of water would enter.

PR OP VL

To determine how much that elaflicity of the fluid
produced by the firing of gunpowder, which we
bave above affigned, is augmented by the beat,
1t bas at the time of its explofion.

S air and this fluid appear to be equally af-
A feted by heat and cold, and confequently
have their elafticities equally augmented by the addi-
tion of equal degrees of heat to each; if we fuppofe
the heat, with which the flame of fired powder is
endued, to be the fame as that of the extreme heat
of red-hot iron, then the elafticity of the generated
fluid will be greater at the time of explofion,
when it is in the form of flame, than afterwards,
when it is reduced to the temperature of the am-
bient air, in the ratio of 796 to 1944 nearly; that
is, in the ratio of the elafticities of common air,
under fimilar circumflances, afcertained in the laft
propalition.

- E 4 Now
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Now that the heat of powder, when fired in any -
confiderable quantity, is not lefs than that of red-hot
iron, feems {ufficiently evident from the appearance
of the flame, and the known properties of fome of
its materials; for the fire produced by the explofion
is certainly as aétive as any common fire; and ivis
~well known, that all fires will communicate a reéd-
hot heat to iron, provided the bulk of the iron ba
fufficiently fmall, when compared with the quantity
of the fire:

This being fuppofed then, that the flame of
fired gunpowder is not lefs hot than red-hot iron,
and the elafticity of the air, and confequently of
the fluid generated by the explofion, being aug-
mented by the extremity of this heat in the ratio
of 194} to 796, as has been fhewn in the laft pro-
pofition; it follows, that if 244 be augmented in
this ratio, the refulting number, which is 999+,
will determine how many times the elafticity of the
flame of fired powder exceeds the elafticity of com-
mon air, fuppofing it to be confined in the fame
fpace which the powder filled, before it was fired.
For fince we have fhewn, in the third propofition,
that the elaftic fluid produced from the firing a
quantity of powder would, if confined in“the fame

+ {pace which the powder took up before its explo-

fion, exert an elafticity 244 times greater than the
elafticity of common air, fuppofing the temperature
of that fluid and of the air to be the fame; it is
plain from hence, that, when 244 is increafed in
_the ratio, in" which the elafticity of this fluid is
greater at the time of the explofion than after-
wards, the refulting number will afcertain, how
many times the elafticity of this inftamed fluid,
at the. inftant of its explofion, and before it has
dilated itfelf, exceeds the elafticity of common
air,

Henge
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‘Hence then the abfolute quantity of the preflure
exerted by gunpowder at the moment of its ex-
plofion may be affigned ; for, fince the fluid, then
ﬁ:ncratcd, has an elafticity 999 4, or in round num-

rs, 1000 times greater than common air; and
fince common air by its elafticity exerts a preffure
on any given furface equal to the weight of the in-
cumbent atmofphere, with which it is in equi-
librio, the preffure exerted by fired powder, before
it has dilated itfelf, is one thoufand times greater
than the preflur¢ of the atmofphere; and confe-
quently the quantity of this force on a furface of
an inch fquare, amounts to above 6 tun weight s
which force however dimmmifhes, as the flaid di-
lates itfelf, according to what has been fhewn in
the third propfition.

SCHOLIUM

Though we have here fuppofed, that the heat of
gunpowder, when fired in any confiderable quan--
tity, is the fame with iron heated to the extremity
of a red heat, or to the beginning of a white
" heat, (which determination we fhall hereafter
confirm by many experiments) yet it cannot be.
doubted, but that the fire produced in the explo-
fion is fomewhat varied (like all other fires) by a
greater or lefs quantity of fuel; and it may be
prefumed, that, iccording to the quantity of pow-
der fired together,'the flame may-have-all the dif-
ferent degrees from that of a languid red heat to
the heat fufficient for the vitrification of me-
tals; but as the quantity of powder requifite for
the production of this laft mentioned heat, is cer»
tainly greater, than whatis ever fired together for
any military purpofe, we fhall find, by our future
experiments, that we fhall not be far from our
chPe, if we fupp‘ofe the heat of fuch quantities

' ‘ 43
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as come more frequently in ule to be, when fired,
nearly the fame with the ftrongeft heat of red-hot:
iron; allowing a gradual augmentation to. this
heat in larger quantities, and diminifhing it when
_ the quantities are very fmall.

PR OP. VIL

Given the dimenfions of any piece of artillery,
the denfity of its ball, and the quantity of
1ts charge, to determine the velocity which the
ball will acquire from the explofion, fuppofing
the elafticity of the powder at the firft inflant
of its firing to be given. .

N the folution of this problem, we fhall affume
I the two following principles :

I. That the action of the powder on the bullet
ceafes, as foon as the bullet is got out of the piece.

I That all the powder of the charge is fired,
"and converted into an elaftic fluid, before the bul-.
- let is fenfibly moved from its place. ‘

Thefe poftulates we fhall demonftrate in an an- .
nexed Scholium; and they being fuppofed, the pro-
pofition itfelf is thus determined:

Let AB reprefent the axis of any piece of artil-
lery, A the breech, and B the muzzle; DC the dia-
meter of its bore, and DEGC a part of its cavity -
filled with powder. Suppofe the ball, that is to be im-
pelled, to lie with its hinder furface at the line GE,
then the preflure exerted at the explofion, on the
circle of which G E is the diameter, or, which is .
the fame thing, the preflure exerted in the direc-
tion FB, on the furface of the ball, is eafily known

from
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from ‘the known dimenfions of that circle; draw:
any line FH perpendicular to FB, and Al paral-
lel to F H, and through the point H, to the afymp-
totes IA and AB, defcribe the hyperbola KHNQ ;
then if FH reprefents the force impelling the ball
at the point F, the force impelling the ball in
any other place as M will be reprefented by the
line MN, the ordinate to the hyperbola at that
point; for: when the fluid impelling the body
along, has dilated itfelf to M, its denfity will be
then to its original denfity inthe fpace D E G C reci-
procally as the fpaces, through which it is refpective-
~ ly extended ; that is, as FA to MA, or as: MN to

"FH ; but we have fhewn in the fecond propofition,
that the elafticity or impelling force of this fluid-
is directly as its denfity; therefore, if FH re-
prefents that force at the point F, MN will repre- -
fent the like force at the point M.’ B
I \[{_

H
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_ Since the abfolute quantity of the force impell-
ing the ball at the point F is known, and the
5 weight
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weight. of the ball is likewife known; the pro-
portion between the force, the ball is impelled with,
and its own gravity is known. In this propertion
take FH to FL, and draw L P paralle] to FB;
then M N, the ordinate to the hyperbola in any
point, will be to its part M R, cut off by the line
L P, as the impelling force of the powder in that
point M, to the gravity of the ball; and confe-
quently, the line L P will determine a line pro-.
portional to the uniform force of gravity in eve-
ry point; whilft the hyperbola HNQ_ deter-
mines in like manner fuch ordinates, as are
proportional to the impelling force of the pow-
der in every point; whence, by the 39th propofi-
tion of lib. 1. of Sir lfacc Newton’s Phil. Nat.
Prin. Math. the areas FLPB and FHQB
are in the duplicate proportion of the velocities,
which the ball would acquire, when acted on by its
own gravity through the {pace. FB, and when im-
pelled through the fame fpace by the force of the
powder. But fince the ratio of AF to A B, and the
ratioof FH to FL are known, the ratio of the
arca FLPB to the area FHQB is known;
-and thence its fubduplicate.. And fince the line
FB is given in magnitude, ihe velocity, which a
heavy body would acquire when impelled through
this line' by its own gravity, is known, being no
other than the velocity it would acquire by falling
through a fpace equal to that line ; find then,another
velocity, to which this laft mentioned velocity
bears the given ratio of the fubduplicate of the
area FLPB to the area FH QB, and this ve-
locity, thus found, is the velocity the ball will ac-
quire when impelled through the fpace F B by the
action of the inflamed powder. - :

Now to give an example of this, let' us fuppofe
AB, the length of the cylinder, to be 45 inches, its
diameter DC, ‘or rather the diameter of the ball, ;o

, ¢

.
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be 2 of an inch; and AF, the extent of the pow-
der, to be 2} inches; to determine the velocity
which will be communicated to a leaden bullet by
the explofion, fuppofing the bullet laid at firft with
its furface contiguous to the powder.

By the theory we have laid down in the laft
propofition, it appears, that at the firft inftant of -
the explofion the flame will exert, on the bullet ly-
ing clofe to it, a force 1000 times greater than the
preflure of the atmofphere; the medium preflure
of the atmofphere is efteemed equal to that of a
column of water 33 feet high; whence lead be-
ing to water as 11,345 to 1, this preflure will be
equal to that of a column of lead 34,9 inches in
height ; whence multiplying this by 1000, a column
of lead 34900 inches high would produce a pref-
fure equal to what is exerted on the ball by the pow-
der in the firft inftant of the explofion; and the leaden
ball being % of an inch in diameter, and confequently °
equal to a cylinder of lead on ‘the fame bafe % an
inch in height, the preflure at firft acting on it will
" beequal to 349Qox2 or 69800 times its weight ;
whence FL.to F H is as 1 to 69800 : And FB to FA
is as 45— 24 (or 42 3)to 2 §; thatis, as 339to 213
whence the reftangle FLP B is to the rectangle
AFHS, as 339 to 21 X 698003 thatis, as 1 to 43
24—. And from the known application of the lo-
garithms to the menfuration of the hyperbolic {paces
it follows, that the reCtangle AFHS is to the area
FHQB as ,43429 &c. is to the tabular loga.
. rithm of 2—:; thatis, of °°, which is 1,2340579
whence the ratio of the reftangle FLPB to the °
hyperbolic area FHQRB is compounded of the
ratios of I to 4324—, and of ,43429 &c. to
1,2340579; which together make up the ratio of
110 12263, the fubduplicate of which is the raio
of 1 to 110,7; and in this ratio is the velocity,.
which the bullet would acquire by gravity, in fall-

ing
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ing through a fpace equal to FB, to the velocity
the bullet will acquire from the action of the pow-
der, impelling it through FB; but the fpace F B
~ being 42¢ inches, the velocity a heavy body will

acquire in falling through fuch a fpace is known
to be, what would carry it nearly at the rate of
15,07 feet in 17 of time; whence the velocity,
to which this has the ratio of 1 to 110,7, is a velocity,
which would carry the ball at the rate of 15,07 X
110,7 feet in 17 of time; that is, at the rate of
1668 feet in 17 of time. And thisis the velocity,
which, according to the theory, the bullet in the

refent circumftances would acquire from the aétion
of the powder, during the time of its dilatation.

And this being once computed for one cafe, is
eafily applied to any other ; for, if the cavity DE
G C left behind the bullet be only in part filled with
powder, then the line HF, and confequently the
grea FHQB will be diminifhed in the propor-
tion of the whole cavity to the part filled 5 if the
diameter of the bore be varied, the lengths AB and
AF re‘mai‘nirfxg the fame, then the quantity of pow-
der and the furface of the bullet, which it acts on,
" will be varied in the duplicate proportion of the
diameter; but the weight of the bullet will vary in
the triplicate proportion of the diameter 5 wherefore
the line FH, which is directly as the abfolute impell-
ing force of the powder, and reciprocally as the gra-
vity of the bullet, will change in the reciprocal propor-
tion of the diameter of the bullet. If AF the heigth of
the cavity left behind the bullet be increafed or dimi-
nifhed, the retangle of the hyperbola, and confe-
quently the area correfponding to ordinates in any gi-
ven ratio, will be increafed or diminifhed in the fame
proportion. - From all which it follows, that the a-
yea FHQB, which is in the duplicate proportion
of the velocity of the impelled body, will be directly

as the logarithm %g,(wherc AB reprefents the length
o of
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- of the barrel, and AF the length of the cavity left
behind the bullet) alfo direétly as the part of that
cavity filled with powder, and inverfely as the dia-
.meter of the bore, or rather of the bullet, likewife
directly as AF the height of the cavity left behind
the bullet. Confequently the velocity being com-
puted above, for a bullet of a determined diameter,
placed in a piece of a given length, and impelled by
a given quantity of powder, occupying a given
cavity behind that bullet ; it follows, that by means
of thefe ratios the velocity of any other bullet may
be thence deduced, the neceffary circumftances of its
pofition, quantity of powder, &c. heing given.
Where note, that in the inftance of this propofition
we have fuppofed the diameter of the ball to be £ of
an inch: whence the diameter of the bore will be
-fomething more, and the quantity of powder con-’
tained in the fpace D E G C will amount to exact-
ly 12dw, a fmall wad of tow included.

SCHOLIUM.

In this propofition we have taken for granted,

18, That the action of the gowder on the bullet
ceafes, as foon as the bullet is got out of the piece.

2dly, That all the powder of the charge is fired,
before the bullet is fenfibly moved from its place.

Thefe affumptions we are now to demontftrate.

The firft will, I prefume, appear manifeft, when
it is confidered, how fuddenly the flame will extend
itfelf on every fide, by its own elafticity, when it is
once got out of the mouth of the piece; for by this
means its force will then be diffipated, and the bullet
will be no longer fenfibly affected by ir. .

The fecond principle is-indeed lefs obvious, being
contrary to the general opinion of almoft all
writers on this fubje¢t. But however it is not lefs
certain. It might perhaps be fufficient for the

proof
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proof of this rpoﬁtion, to obferve the prodigious
compreflion of the flame in the chamber of the
piece. Thofe, who will attend to this circumftance, and
to the eafy paffage of the flame through the inter-
vals of the grains, may foon fatisfy themfelves, that no
one grain contained in that chamber can continue
for any time uninflamed, when thus furrounded and
violently prefled by fo active a fire. However not
to rely on mere fpeculation in a point of fo much
confequence, I confidered, that, it part only of the
powder is fired, and that fucceflively, then by lay-
ing a greater weight before the charge (fuppofe
2 or 3 bullets inftead of one) a greater quantity of
wder would neceffarily be fired, fince a heavier
weight would be a longer time in paffing through
the barrel. Whence it fhould follow, that two or
three bullets would be impelled by a much greater
force than one only. But the contrary to this ap-
pears by experiment; for firing one, two, and three
bullets laid contiguous to each other with the fame
charge refpectively, I have found (by a method
to be mentioned hereafter) that their velocities were
not much different from the reciprocal of the fub-
duplicate of their @quantities of matter; that is,
if a given charge would communicate to one bul-
let a velocity of 1700 Feet in 17, the fame charge
would communicate to two bullets a velocity from
1250 to 1300 feet in 1”, and to three bullets a
velocity from 1050 to 1110 feet in one 1”. From
hence it appears, that, whether the piece be loaded
with a greater or lefs' weight of bullet, the ac- -
tion of the powder is nearly the fame; fince all
mathematicians know, that if bodies containing dif-
ferent quantities of matter are fucceflively impelled
through the fame fpace by the fame power, ating
with a determined force at each point of that fpace,
then the velocities given to thofe different bodies

will be reciprocally in the fubduplicate ratio of
their
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their quantities of matter. The excefs of the ve-
Jocities of the two and three bullets above what
they fhould have been by this rule, (which are that
of 1200 and 980 feetin 1”) does doubtlefs arife
from the flame, which efcaping by the fide of the
firtt bullet acts on the furface of the fecond and
third.

Now this excefs has in many experiments
-been imperceptible, and the wvelocities have been
reciprocally in the fubduplicate ratios of the num-
ber of bullets to fufficient exactnefs; and where this
error has been greater, it has never arifen to an eighth
part of the whole; but if the common opinion was
true, that a {fmall part only of the powder fires at
firft, and other parts of it fucceflively, as the bullet
pafies through the barrel, and that a confiderable
part of it is often blown out of the piece without fir-
ing at all; then the velocity, which three bullets re.
ceived from the explofion, ought to have been much
greater, than we have ever found it to be; fince the
time of the paffage of three bullets through the bar-
rel being nearly double the time, in which one paf-
fes, it fhould Kappen, according to this vulgar fup-
pofition, that in a double time a much greater

uvantity of the powder thould be fired, and con-
equently a greater force fhould have been produced,
than what acted on the fingle bullet only, contrary
1o all our experiments.

~ But further, the truth of the fecond poftulate will
be more fully evinced, when it fhall appear, s it
will hereafter, that the rules founded on this fup,

ofition afcertain the velocities of bullets impelled
ﬁy'powder, to the fame exaltnefs, when they are
atted on through a barrel of 4 inches in Jength
;f)nly, as when they are difcharged from one of four
© feet. ‘
. With refpet to the grains of powder, which
are often blown out ynfired, and which are always

Yor. [. F wrgad
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urged as a proof of the gradual firing of the charge
I believe Diego Uffano, a perfon of great experi-
. encein the art of Gunnery, has givén the true rea-
fon for this accident, which is, that fome fmall
part of the charge is often not rammed up with the
reft. but i§ left in the piece before the wad, and is
by this means expelled by the blaft of air before
the fire can reach it * ;  muft add, that in the charging
of cannon and fmall arms, efpecially after the firtt
time, this is fcarcely to be avoided by any method,
1 have yet feen-practifed. Perhaps too, there may
be fome few grains in the beft powder of fo he-
terogeneous 2 compofition as to-be lefs fufceptible
of firing, which 1 think I have myfelf obferved;
thefe, though they are furrounded by the flame, may
be driven out usfired. HMHowevér, be that as &
‘may, the truth of our pofition.cannot in general
be queftioned. - - o
Having in this propofition fhewn how the velecity,
‘which any bullet acquires from the force of pow-
der, may be computed upon the principles of the
theory laid down in the preceding propofitions of
this treatife; we will next fhew, that the actual ve-
» locities, with which bullets of different magnitudes
_ are impelled from different pieces, with different
quantities of powder, are really the fame with the
velocities affigned by thefe computations ; and con-
fequently, that this theory of the force of pow-
der, here delivered, does unqueftionably afeertain
the true action and medification of this enormous
power. ‘ : : '
© Butin order to compare the velocities commu=
nicated to bullets by the explofion with the veloci-
ties reflulting from the theory by cempuration; it
is neceflary, ‘that the actual velocities, with which
bullets move, fhould be capable of being difco-
vered, which yet is impoffible to be dene by any
o ) s Dialog. z0.,
methods
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~methods hitherto made publick. The only means
hitherto practifed by othets for that purpofe have
been either by abferving the time of thé fight of
the fhoe through a given fpace, or by meafurin
the raige of the fhot at a given elevation an
thence. computing on the patabolic hypothefis,
what vélocity would produce this range. The
firft method labours undet this infurmountable dif-
ficulty, that the velocities of thefe bodies are «fien
fo fwift, and confequéntly the time obferved is fo
fhore, that an impercéptible error in that time
triay occaftonr an értor in the velocity, thus found,
of 2, 3, 4, 5, ot 600 feet in a fecond. ‘THhe other
method 1s fo falfacious, by reafoni of the refiftance
of the air, (to which inequality the firft is alfo h-
able) that the velocities thus affigned may not be
perhaps the tenth part of the actual velocities
fought. .

To remedy then thdfe inconveniencies, I have
invented a new method of finding the real veloci
ties of bullets of all kidds; and this to fuch a de-
gree of exaétnefs, (which may be augmented too
at pleafure) that in a bullet moving with a velocity
of 1700 feet in 17, the error in the eftimation of
it need never amount fo its five hundredth part;
and this without amy extrao\'dilnary nicety in the
conftrugtion of the machine. The defcription and

ufe of which is the fubje@ of the next propo-
fition, ‘

PR OP. WVIL

To determine the "Uelocz'ty, which any ball moves
with at any diffance from the piece, it is dif-
obarged from.

, H E fimpleft method of effeting this is by
means of an.inftrument like to that exhibired

in the engraved figure, where ABCD reprefca:s
F2 c
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" the body of the machine compofed of the three
poles B, C, D, fpreading at bottom, and joining to-
gether at the top A; being the fame with what is.
. vulgarly ufed in the weighing and lifting of very
heavy bodies, and is called' by workmen the tri-
angles. On two of thefe poles, towards their tops,
are fcrewed on the fockets RS; and on thefe
fockets the pendulum E FGHIK is hung by
means of its crofs piece E F, which becomes its
axis of fufpenfion, and on which it muft be made
to vibrate with great freedom. The body of this
pendulum is made of iron, having a broad part
at bottom, which cannot be feen 1n this fcheme;
but its entire fhape is reprefented in the annexed °
figure A, “ '

[

= =

o

The lower part of the pendulum is covered with

a thick piece of wood GKIH, which is faften’d
‘to the iron by fcrews. Something lower than the
bottom of the pendulum there is a brace O P,
I ' © joining
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Joining the two poles to which the pendulum i$
‘;'?qun%cd;'.and topt(l)ﬁs brace there is faI:thn’d a con-
trivance M N U, made with two edges of fteel,
bearing on each other in the line UN, f{omething in
the manner of a drawing-pen; the ftrength with
which thefe edges prefs on each other being dimi-
nithed or increafed at pleafure, by means of a
fcrew Z going through the upper j)iccc. There is
faften’d to the bottom of the pendulum a narrow
rribbon LN, which paffes between thefe fteel edges,
and which afterwards, by means of an opening
cut in the lower piece of fteel, hangs loofely down,
asat W. '

This inftrument thus fitted, if the weight of
the pendulum be known, and likewife the refpec<
tive diftances of its centre of gravity, and of its
centre of ofcillation, from its axis of fufpenfion,
it will thence be known, what motion will be com-
municated to this pendulum by the percuffion of a
body of a known weight moving with a known
degree of celerity, . and ftriking it in ‘a given
point; that is, if the pendulum be fuppofed at
~ reft before the percuffion, it will be known, what

vibration it ought to make in confequence of fuch

a determined blow ; and, on the contrary, if the

ndulum, being at reft, is ftruck by a body of a

nown weight, and the vibration, which the pen-

dulum makes after the blow, is known, the velocity
of the ftriking body may from thence be determined.

Hence then, it a bullet of a known weight
ftrikes the pendulum, and the vibration, which the
pendulum makes in confequence of the ftroke, be
afcertained ; the velocity, with which the ball moved,
is thence to be known. '

Now the extent of the vibration, made by the
pendulum after the blow, may be meafured to great
accuracy by the ribbon LN ; for let the preflure
of the edges UN on the ribbon be fo regulat;.d

- F3 y
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by the ftrew Z, that the motion of the ribbon
between them may be free and eafy, though with foma
mioute refiftance; then fettling the pendulum ag
yeft, let the part LN between the pendulum and
the edges be drawn fkrait, but net ftrained, and fix
a pin in that part of, the ribbon, which is then con-
siguous to the edges: let now a ball impinge on
the pendulum, then the pendulum fwinging back
will draw out the ribbon to the juft extent of its
vibration, which will canfequently be determined
by the interval on the ribbon between the edges
U N and the place of the pin. :

But the computatiod, by which the velocity of
the ball is cetermined from the vibration of the
pendulum after the ftroke, requires a more parti-
cular explication 5 and for this purpofe we will ex-
hibit, as an example, the pendulum made ufe of
by us in fome of our experiments. _

The weight of the whole pendulum, wood and
all, was 561b. 303. its centre’of gravity was 52
inches diftant from its axis of {fufpenfion, and
200 of its {mal] fwings were performed in the
time of 253 feconds; whence its centre of ofcil-
lation (determined from hence) is 62 3 inches dif«
tant from that axis. The centre of the piece of
wocd GKIH is diftant from the fame axis 66
inches.

In the compound ratio "of 66 to 62 3, and 66 te
53, take the quantity of matter of the pendulum ~
to a 4th quantity, which will be 42lb ; oz, Now
geometers will know, that if the blow be ftruck in
the centre of the piece of wood G KIH, the pen-
dulum will refift to the ftroke in the fame manner,
as if this laft quantity of matter only (42 1b. } 0z.)
was concentrated in that point, and the reft of the
pendulum was taken away ; whence, fuppofing the
weight of the bullet impinging in that point to be
the % of a pound, or the 35 of this quantity of

S matter
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matter nearly, the velocity of the point of ofcillas
tion after the ftroke will, by the laws obferved in
the congrefs of fuch badies as rebound not from
cach other, be the i of the welocity, the bullet
moved with before the ftroke; whence the veloci-
ty of this point of ofcillation after the ftroke be-
ing afcertained, that multiplied by 505 will give
the velocity with which the ball impinged, )

‘But the velocity of the point of ofcillation after
the ftroke is eafily deduced from the chord of the
arch, through which it afcends by the blow; for
it is a well known propofition, that all pendalous
bodies afcend to the fame height by their vibratory
motion as they would do, if they were projetted
diretly upwatds from their loweft point, with the
fame velocity they have in that point; wherefore,
if the verfed fine of the afcending arch be found,
(which is eafily determined from the chord and
radius being given) this verfed fine is the per-
pendicular height, to which a bedy projetted up-
wards with the velocity of the point of ofcillation
would arife ; and, confequently, what that velocity
is, can be ealily computed by the common theory
of falling bodies.

For inftante, the chord of the arch, defcribed
by the afcent of the pendulum after the ftroke
meafured on the ribbon, has been fometimes 17
inches ; the diftance of the ribbon from the axis
of fufpenfion is 71  inches ; whence reducing 17 3
in the ratio of 71 4 to 66, the refulting number,
which is nearly 16 inches, will be the chord of the
arch, through which the centre of the board GKIH
afcended after the ftroke: now the verfed fine of
an arch, whofe chord is 16 inches, and its wradius
66, is 1,93939¢ and the velocity, -which would
carry a body to this height, or, which is the fame
thing, the velocity, which a body would acquire by

. Fa ~ defcending
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defcending through this fpace, is nearly that of
3 + feetin 1”.

To determing then the velocity, with which the
bullet impinged on the centre of the wood, when
the chord ot the arch defcribed by the afcent of
the pendulum, in confequence of the blow, was
17 ; inches meafured on the ribbon, no more is
neceffary, than to multiply 3 ; by 505, and the
refulting number 1641 will be the feet which the,
bullet would defcribe in 17, if it moved with the
velocity it had at the moment of its percuffion;
for the velocity of the point of the pendulum, on
which the bullet ftruck, we have juft now deter-
mined to be that of 3 % feet in 1”; and we have
before thewn, that this is the 45 of the velocity of
the bullet.  If then a bullet weighing 5 of a pound
ftrikes the pendulum in the centre of the wood
GKIH, and the ribbon be drawn out 1% } inches -
by the blow ; the velocity of the bullet is that of
1641 Feetin 1”7, . And fince the length, the rib-
bon is drawn, is always nearly the chord of the arch
defcribed by the afcent, (it being placed fo as to
differ infenfibly from thofe chords which ‘moft fre-
- quently occur) and thefe chords are known to be in
the proportion of the velocities of the pendulum
acquired from the ftroke, it follows that the pro-
portion betwéen the lengths of ribbon drawn out
at different times, will be the fame with that of
the velocities'of the impinging bullets ; and, con-
fequently, by the proportion of thefe lengths of
ribbon to 17 ¢, the proportion of the velocity with
which the bullets impinge to the known velocity
of 1641 Feet in 1”,-will be determined.

Hence then is fhewn, in general, how the veloci-
ties of bullets of all kinds may be found out by
" means of this inftrument ; but that thofe, who may
be ditpofed to try thefe experiments, may not have
unforefeen difficulties to ftruggle with, 1 fhali here

{ubjoin
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fubjoin a few obfervations, which it will be neceffary
for them to attend to, both to fecure fuccefs to their
trials, and fafety to their perfons.

And firft, that they may not conceive the piece
of Wood GKIH to be an unneceflary part of the
machine, I muft inform them, that if a bullet im-
“pelled by a full charge of powder fhould firike
dire&ly on the iron, the bullet would be beaten
into fhivers by the ftroke, and thefe fhivers will
rebound back with fuch viclence, as to bury them-
felves in any wood they chance to light on, as I
have found by hazardous experience; and befides
the danger, the pendulum will not in this inftance
afcertain the velocity of the bullet, becaufe the
velocity, with which the parts of it rebound, is un-
known.

The weight of the pendulum, and the thicknefs
of the wood, muft be in fome meafure proportioned
to the fize of the bullets, which are ufed. A pen-
dulum of the weight here defcribed will do very
well for all bullets under three or four ounces, if the
thicknefs of the board be increafed to 7 or 8 inches
for the heavieft bullets; beech is the tougheft and
propereft wood for this purpofe.

It is hazardous ftanding on the fide of the pen-
dulum, unlefs the board be fo thick, that the
greateft part of the bullet’s force is loft before it
comes at the iron; for if it ftrikes the iron with
violence, the fhivers of lead, which cannot return
back through the wood, will force themfelves out
between' the wood and iron, and will fly to a con-
fiderable diftance.

As there is no effectual way of faftening the wood
to the.iron but by fcrews, the heads of which muft
come through the board; the bullets will fometimes
light on thofe fcrews, from whence the fhivers will
difperfe themfelves on every fide.

When



go NEW PRINCIPLES

When in thefe experiments fo fmall a quanticy
of powder-is ufed, as will not give to the bullet a
velocity of more than 4 or 500 feet in 1’/; the bullet
will not ftick in the wood, but will rebound from
it entire, and (if the wood be of a very hard tex-
ture) with a very confiderable velocity. Indeed I
have never examined any of the bullets, which have
thus rebounded; but I have found them indented
by the bodies, they have ftruck againft in their re-
bound.

To avoid then thefe dangers, to the braving of
which in philofophical refearches no honour is an-
nexed; it will be convenient to fix whatfoever barrel
is ufed, on a ftrong heavy carriage, and to fire it
with a little flow match. Let the barrel too be very.
well fortified in all its length; for no barrel, (I fpeak
of mufket barrels) forged with the ufual dimenfions,
will bear many of the experiments recited hereafter
without burfting, as I have found to my coft. .The

barrel, I have moft relied on, and which I procured

to be made on purpofe, is nearly as thick at the
muzzel as at the breech; that is, it has in each
place nearly the diameter of its bore in thicknefs of
metal.

The powder ufed in thefe experiments fhould be
exaltly weighed, and that no part of it be fcattered
in the barrel, the piece muft be charged with a ladle
in the fame manner as is practifed with cannon, the
wad fhould be of tow of the fame weight each time,
and no more than is juft neceflary to confine the
powder in its proper place; the length of the cavity
left behind the ball thould be determined each time
with exa&nefs; for the increafing or diminithing
that fpace will vary the velocity of the fhot, although
the bullet and quantity of powder be not changed.
The diftance o? the mouth of the piece from the
pendulum ought to be fuch, that the impulfe of the
flame may not a& on the pendulum; this will be

prevented
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prevented in a common barrel charged with 1 an -
‘ounce of powder, if it be at the diftance of 16 or 18
feet; in larger charges the impuife is fenfible farther
off, I have found it to extend to above 25 feet;
however, between 25 and 18 feet is the diftance
1 have ufually chofen; other precautions, which are
neceffary, will better find their place in the account

of the experiments I have made, to which I now
haften.

PROP K.~

To compare the actual velocities with which bullets
of different kinds are diftharged from their
refpective pieces, with their velocities computed
Jrom the theory. o

O W to determine the actual velocities with

“ which bullets are difcharged, has been amply
fhewn in the laft propofition ; and how te compute
the velocity with which they would be difcharged
according to our theory, has been likewife fully
explained in the fixth propofition; we fhall here
then compare the refult of our theory with expe-
rience, and thence evince, how accurately that theory
agrees with the real motions of bullets, though
founded on priaciples no ways connected with thefe
experlments.

The firft experiments, I fhall exhibit, were made
with a barrel of the fame dimenfions with the exam-
ple of the fixth propofition, the ball being % of an
inch in diameter, the length 45 inches, and the
cavity containing the powder 2§ inches, which, as -
the barrel exceeded the bullet in diameter by about
the th of an inch, juft contained i2dw. of

owder.

The bullet thus made ufe of was o of a pound,
avoirdupoife, in weight, and confequently the fame

with
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with the example of the feventh propofition; but the
board on the pendulum ufed here was 4lb. lighter
than what is affigned in that example; from thefe
circumftances, and the velocity which by the theory
the bullet ought to be difcharged with, there is
known the chord of the arch meafured on the ribbon,
through which the pendulum fhould afcend after the
ftroke, if the theory be true: how near this agrees
with our experiments, will appear by the following
table: ‘

Quantity of | Chord ofitsafcend- | The fame | Error of the
powder. ing arch meafured by the . theory,
No. on the ribbon, theory,
Dw.
1 12 18, 7 19,0 4,3
2 12 19, 6 19,0 —,6
3 6 13,6 13,4 , T 2

The next experiments were made with the fame
barrel, but the board on the pendulum was now of
~ litle more weight than that in the example of the
feventh propofition. '

Length of | Quan- | Chordofits | The fame Error
the cavity | tity of afcending by the of the
containing | powder | arch mea- theory, theory,
the powder fured on
or line AF, the ribbon.
in fig. 1. f
No. Inches. ~ Dw. Inch. Inch. Inch.
4 2 4 6 11,9 12,1 +,2
5 2 5 6 12,2 12,1 —_ 1
6 g 6 13,2 13,6 | .4
71 1= 6 1 13,9 | 13,6 —3
8 2 5 12 16,7 17,2 <+, 5
9| 2% 12 17,5 17,52 | —3
10 2 5 12 16,9 16,8 | —, 1
11 2 3 12 17,0 16, 8 —_2
12 2 3 6 14,7 11,5 —_—2
13 23 6 11,1 11, 5 4 4
14 2 ¢ 12 16,7 16,3 | — 4.

The
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The laft five numbers refulting from the theory
are corrected from the quantity of bullets lodged in
the board, which, as many other experiments of a
different kind were tied in the interval, amounted at
laft to above two pounds; whence the weight of the
pendulum being increafed, its vibration with the
fame blow muft be proportionably -diminifhed.

The next experiments were made with a barrel
of the fame bore with the laft, but only 12 373
_ inches in length: to diftinguith them, we fhall tor
- the future denominate the firft barrel by the letter A,
and this thort one by C. The board on the pendu-
lum was at firft- rather lighter than in the example
of the feventh propofition. : ‘

Extent | Quan- Chord of The fame *| Error
of the | tity of | the afcend- |' by the ‘| of the
cavity | powder.,| ing arch theory. theory,
contain meafured :
ing the on the
powder, | ¢ ribbon.
No. | Bar, Inch, | Dw. Inch, Inch.
15, C 1 2§ 1 12 12,7 12,8 |-,
16 C 2 5 12 12,6 12,8 | 4,2
17 C | 2% 12 12, 4 12,8 | 4,4
18y A | 2+ 12 17,0 17,3 [ +»3
19| A | 23 12 17,2 17,2 »0Q
20f Al 231 12 17,1 17,2 1 == 1
21| A 2 ¥ 1z | 17,2 17,2 50
22 |-A | 2% 6 12, 4 12,2 | —,2

In fome of the following experiments a third barrel
was ufed of the fame bore with the other two, but 24,
312 inches in length: this barrel I denominate B;
the board fixed on the pendulum was at firft but little
heavier than that in the feventh propofition; and
when in the courfe of the experiments it is fenfibly
increafed in the weight, 1 diminith the numbers
arifing from the theory by a correfponding part.

No.
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Extent Quan- | Chord. of The fame | Error

of the tity of ¢ the afcend- by the of the

cavity | powder. | ing arch theory. theory«

contain- meafured on

ing the the ribbon, {

powder. | -
No. | Bal Iach. Dw. Inch. - Inch, Inche
23 Al 2% 12 17,1 17,2 | 41
24| A} 27 9 1552 15,0 | —,2
25| Al 2% 9 | 154 | 150 | —4
26, C | 24t 12 1,5 + 12,8 1 41,3
27 | Cl 24 12 By 5 | 12,8 |} 41,3
28| C | 2% 6 8, 7 ‘9, +a 3
29{ C | 2% 12 12,3 ¢ 32,5 7452
ol B | 2% 12 i 104 | 14,4 0,0
31} B | 25 | 12 | b4 | W4 | 00
321" B | 23 6 10, 3 10, 5 3
33| A 113 l 8 |'147 | 145 |—2
34 A 4 12 15,7 15,3 " 4

The error in the 26th and 27th experiments being
_much greater, than what has occurred to me i any
other triafs, I fufpet, that fome miftake was m
- in the weight of the powder, or that the” barrel
- (which had indeed hin by in a moift place) was
very damp; which circumftance, I know by expe-
rience, will confiderably diminifh -the action of she
powder.’

‘The” following experiments were made with' a
pendulum much heavier, it weighing in the whoke
g71b. its center of gravity was 55,625 inches diftant
from its axis of fufpenfion, and 200 of its fmall
fwings were performed in the fpace of 255’73, whence
its center of oftillation is 63,9 inches diftant front the
axis of fufpenfion. Alfo fometimes another barrel
was ufed 7,06 inches in length, and ,83 in diameter;
its ball was exatly fitted to the bore without any
windage, fo that it went in with difficulty; the
weight of this ball was 332 dw. This barrel we
fhall denominate D. ‘

' . No.
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Length | Quan- ] Chord of | ‘The fame | Rrror

of the | dty of | the afcend- by the of the
cavity | powder. | ing arch. | theery, theory,
contain- meafured

ing the "an the
powder. ribben,

f - I
Inch, Dw. Inch. Inch,. Inch.
25 1 12 92 1 9,2 »O
23 | 12 | 9,5 92 [—,3
5% F 24 F 1Ly | 15,3 |—4
7% | 36 13,2 } 12,6 | —,6
27 | 12| 9,3}t 91 |—2
13 8 7,6 8,1 | 45
23 12 6, 1 6,6 | 4,5
23 12 [ 6,5 6,6 |1
23 | 12 8,0 82 | 4,2
25 ) 12 8,3 8,2 | —,1
2 ¥ 12 1 %5 9l | —4

2 ’;' . 12 9 1 9,1 » @

2§ 6 2 65 | —7
23 6 67 |' 6,58 | —,2

25 1 12 6,8 6,7 L —x
2§ 12 »5'l 67 |—,8
23 6 49 4,8 | 4,1
2% 6 5,0 4,8 | —,2
27 12 7:0 1 72 4,2
2% 12 75 1 6,8 |—,3.
2% 6 47 1 48 14,1

c24 6 4.8 | 4,8 .50

2vF 6 6,4 | 6, 5 |1
p 6 ! 0,4 6,5 |, »
245 6 6,6 | 6,5 |—, 1
2o 6 6,7 1 6,5 | —2

"2¥5 | 12| 9,0 91 |-t

2

- The
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The error in the soth experiment, the greateft in
this fet, was doubtlefs owing to the wind; for the 49,
which was made immediate]y before it in the fame
manner, and with the fame quantity of Powdcr,_
differs but little from the theory. The excefs of the
38th experiment above the theory was in part occa-
fioned by the impulfe of the flame on the pendulum,
which in this large quantity of powder was plainly to
be difcerned. : , - I
- This theory is farther confirmed toa, by experi-
ments made on the action of very fmall quantities
of powder. 'We have hitherto fuppafed the powdes
when fired to be equally hot with iron at the begin-
ning of its white heat, but we have obferved, that
in very fmall quantities of powder the heat is pro-
bably lefs than this, and confequently the elafticity
in thofe cafes lefs than what arifes from this fup-
pofition. Now this decreafe of elafticity in fmall
quantities of powder we have found by many trials
actually to take place; for inftance, in the exam-
ple of the 7th propofition, the vcl('l;ity, ~which,
fhould be given to the ball by the aftion. of : the
powder according to the theory,is in round num-
bers that of 1670 feet in 17/, and this velocity we
‘have found in the preceding experiments to be the
medium velocity, which the ball really receives in
thofe circumftances, If now, the barrel and pofition
of the ball remaining the fame, there be placed in
the fame fpace DEGC continuing: likewife the fame
1dw. of powder inftead of 12, which is the quantiry
fuppofed in that example; it follows from the prin-
- ciples there laid down, that if the elafticity of the
fmaller charge be the fame in proportion to its
quantity with that of the larger, then the velocity
of the bullet when impelled by the explofion of the
{maller charge, will be to the velocity of a bulleg
impelled by the ‘greater charge in the fubduplicate
ratio of the quantities of the refpective charges,

that
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that is, in the fubduplicate ratio of 1 to 12,
confequently the velocity communicated by.12 dw.
being known to be that of 1670 feet in-1”, the
velocity communicated by 1 dw. would be that of
482 feet in 1” nearly; but I found by repeated
trials, which differed very little from each other,
that the real velocity acquired by the ball in this
cafe, from the explofion of 1 dw. was rather lefs
than that of 400 feet in 1”; whence it is evident, that
the elafticity of 1 dw. of powder when fired is
lefs in proportion to its quantity than that of 12
dw. as it ought to be by our theory. '

Likewife it 3 dw. of powder be placed in the fame
manner with the 1 dw. in the laft example, the real
velocity, the ball will acquire from the explofion,
will be from 740 to 720 feet in 17, as I have found
_by many experiments ; whereas fuppofing the elai-
ticity of 3 dw. when fired to be in fimilar cir-
cumftances the fame with that of 12 dw. the velo-
city acquired by the ball fhould be 825 feet in
1”; whence, even in 3 dw. the elafticity and confe-
quently the heat is lefs than in 12 dw. as it ought
to be by the theory.

The ratios of thefe diminifhed elafticities to
the elafticity eftablifhed by us for larger quanti-
ties, are the duplicate of the ratios of the refpective
velocities communicated by them in ating through
the fame fpace, whence the elafticity of 1 dw. is to
the elafticity of 12 dw. in fimilar circumftances
as 2 to 3, and the elafticity of 3 dw. to that of
12 dw. is as 3 to 4 nearly, fuppofing the fmaller
elafticities to be uniformly diminifhed in each part

“of their expanfion ; but in all probability this is not
the cafe, for as the decreafe of elaticity is owing
to a deficiency in the heat of the fluid, 1t is mpoit
reafonable to conceive, that in thefe fmall quantities
the heat is not only lefs at firft, but is likewife per-

- petually decreafing, as the bullet is impelled through

Vou. 1. G . the
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the barrel, and confequently that the comparative
elafticity is more abated, the longer its aétion con-
tinues; a circumftance that dees not take place,
when the quantity of powder is well proportioned
to the barrel, through which it is to aét.

SCHOLIUM.

Thus then have we confirmed our theory by the
moft indifputable evidence, which is its coincidence
with a numerous feries of experiments made in all the
various circumftances, that the nature of the fubject
could fuggeit ; and I muft add, that thefe experiments,
or the greateft part of them, were made and regifter’d
before any of the computations, by which they are
. eompared with the theory,were formed; although I had
*afcertgined that theory, fuch as it is here delivered,
fome time before I enter’d on thefe experiments.
The variety of thefe experiments,, and the ae-
curacy with which they correfpond to the theory,
leave us no room to doubt of the certainty of the
theory ; for we have examined the action of fired
‘powder on bullets of different weights, and in barrels
of different magpnitudes, from 7 inches to 45 inches
.1n length; we have varied too the quantity of pow-
der from 6 dw. to 36 dw. and have inclofed thefe quan-
tities differently, fometimes in fuch cavities as they
exactly filled, at other times in fuch as were fufficient
to have held much greater quantities; and we have
found, that in all thefe different circumftances, our
theory has truly exhibited the real velocities, with
which the bullets were impelled by the explofion, or if
(as in very fmall quantities of powder) there were
any exceptions from the general rule we had eftablifh-
ed, it was, what the theory did plainly demand ; and
furely that theory, which fo accurately agrees with ex-
periment in thefe diverfified trials, cannot but contat'luez
) thi
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the true and genuine determination of the force
and manner of acting of fired gunpowder.

This theory, as here eftablithed, fuppofes, that in
the firing of gunpowder about % of its fubftance is
‘converted by the fudden inflammation into a perma-
nent elaftic fluid, whofe elafticity in proportion to its
heat and denfity is the fame with that of common air
in the like circumftances; it farther fuppofes, that
all the force exerted by gunpowder in its moft vio-
lent operations is no more than the action of the
elafticity of the fluid thus generated; and thefe
principles enable us, as we have feen, to determine
the velocities of bullets impelled from fire-arms
of all kinds, and are fully fufficient for all purpofes,
where the force of gunpowder is to be eftimated,
‘Whether this fluid be true and genuine air, or an-
other fubftance, we' thall not difcufs in this place;
as it is an inquiry no’ ways connected with the de-
‘fign of this treatife. .

From this theory many dedutions may be
made. of the greateft confequence to the practical
part of Gunnery. From hence the thicknefs of a
piece, which will enable it to confine without burf-
ting any given charge of powder, is eafily determin-
ed, fince the effort of the powder is known. From
hence appears the inconclufivenefs of what, fome mo~
dern authors have advanced relating to the advanta.
ges of particular forms for the chambers of mor-
tars and cannon ; for all their labour’d fpeculations
on this head are evidently founded on very erros
neous opinions about the action of fired powder.
From this theory too we are taught the neceflity
of leaving the fame fpace behind the bullet, when
we would by the fame quantity of powder com-
municate the fame velocity to the bullet ; fince on
our principles it follows, that the fame powder has
a greater or lefs degree of elafticity, according to
the different fpaces it occupies. The method,

G2 which
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which I have always pradifed for this purpofe, has
been by marking the rammer; and this is a maxim,
which oyght not to be difpenfed with, when cannon
are fired at an elevation, particularly in thofe
called by the French Ba:teries a ricochet.

From the continued a&ion of the powder, and its
manner of expanding defcribed in this theory, and
the length and weight of the piece ; one of the moft
effential circumftances in the well direting of artiilery
may be eafily afcertained. All pradtitioners are agreed,
that no fhot can te depenced on, unlefs the piece be
placed on a folid platform; for if the platform
thakes with the firft impulfe of the powder, it is
impoffible, but the piece muft likewife fhake, which
will alter its direction and render its fhot uncertain.
To prevent this accident, the platform is ufually
made extremely firm to a confiderable depth back-
wards 3 fo that the piece is not only well fupported
in the beginning ot its motion, but likewife through
a great part of its recoil. However, it is fufficient-

ly obvious, that, when the bullet is feparated from"

the piece, it can be no longer afteted by the trem-
bling of the piece or platform ; and by a very eafy
computation it will be found, that in a piece 10
feet in length, carrying a bullet of 24 Ib. and charged
with 16 Ib. of powder, the bullet will be out of the
piece, before the piece has recoil’d 5 an inch 3 whence,
if the platform be fufficiently folid at the beginning
of the recoil, the remaining part of it may be much
flighter ; fince its unfteadinefs beyond the firft 3 inch
will have no influence on the direttion of the fhot.
And hence 2 more compendious method of con-
ftructing platforms may be found out.

From this theory it alfo appears, how greatly
thofe authors have been miftaken, who have attribut-
- ed the force of gunpowder, or at leaft a confiderable
part of it, to the attion of the air, contained ei-
ther in the powder or between the intervals of the

grains:
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grains: for they have fuppofed (though indiftinctly
enough) that air to exift in its natural elaftic ftate,
and to receive all its addition of force from the
heat of the explofion. But, from what we have
experimented in the fifth proquﬁtion, relating to the
increafe of the elafticity of the air by heat, we
may conclude, that the heat of the explofion cannot
augment the elafticity of the air to five times
its common quantity ; confequently, the force
arifing from this caufe only cannot amount to more
than the 200th part of the real force exerted on this
occafion. ‘

Having thus difpatched the general confirmation
cf our theory ; we fhall proceed to the examination
of fome other particulars relating to this fubject,
which though eafily enough flowing from the prin-
ciples already laid down, do yet trom the novelty
and fingularity of the matter merit a circumftantial
difcuffion.

PROP X

To affign the changes in the force of powder,
which arife from the different flate of the
atmofphere. '

IN all the experiments I have hitherto examin-
ed, I have never been able to difcover, that the
variation of the denfity of the atmofphere did any
way alter the attion of powder, although | have made
feveral hundred fhot in very different feafons: in
particular, I have fometimes compared the trials
made at noon in the hotteft fummer fun with thofe
made in the frefhhefs of the morning and evening,
and [ could not perceive any certain' ditference be-
tween them, and it was the fame with the trials
made in the night and in winter ; although in this
variety of feafons, the denfity of the atmoiphere

G 3 , muft
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muft have been very different: indeed, as we have
feen, that the fame quantity of that fluid, in which
the force of powder confifts, is generated in a vacuzm,
and in common air, it is difficult to conceive, how
this force can be affeted by the greater or lefler
denfity of the atmofphere.

But though the denfity of the atmofphere has na
~ influence on the force of powder, yet its moift-

ure has a great one; for the fame quantity of pow-
der, which 1in a dry feafon would communicate ta
a bullet a velocity of 1700 feet in 1%, will not in
damp weather communicate to the fame bullet,

placed in the fame manner, a velocity of more

perhaps than 12 or 1300 feet in 1”, or ftill lefs, if
the powder be of abad fort, and has been negli-
gently kept. And this decreafe of the force in
damp powder appears by my experiments to, be
very unfteady and variable, fo that 2 thot made with
equal quantities of fuch powder, taken out of the
fame parcel, will differ confiderably from each other,
perhaps ten times more than if the powder was
in good order; and as far as this uncertainty in its
effects will permit me, 1 feem to colle@, that a {mall
charge lofes a greater part of is force than a

larger, provided each are equally damp. Another

circumftance attending damp powder is a remark-
able foulnefs in the piece after firing, much be-
yond what arifes from an equal quantity of dry
powder. '

Now all thefe effets are eafily to be accounted
for, when it is known, that powder will imbibe moift-
ure from the air; for as a certain quantity of
water mixed with powder will prevent its firing
at all, it follows, that every degree of moifture in
powder, though infufficient to produce this effect,
will. yet abate the violence of its explofion, and
will render the fire thereby produced lefs vehement
than it, would otherwife be; whence a lefs quantityé

1 : -0
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of fluid will be in this cafe generated, and the heat
of that fluid and its elafticity is likewife lefs 5 confe-

uently, the action of damp powder muft on this two-
?old account be diminifhed according to the degree.
of moifture, with which it is impregnated.

And as bad powder ufually contains fome common
-faltin it, by reafon of the little care taken in the re-
fining of the nitre, and as common falt imbibes moift-
ure in a ftronger degree than nitre ; it is not difficult
to conceive, how bad powder fhould in a moift fea-
fon be more impregnated with moifture than good,

and fhould confequently lofe more of its force.

The uncertainty in the effeéts of damp powder
arifes, I prefume, from the different degrees of
..drynefs it acquires in the piece; for as after the
firft or fecond firing the barrel grows warm, if the
powder is contained any time in it, fome part of
- its moifture will be thereby evaporated; and as
the heat of the barrel, and the time of the charge.
continuing in it, are circumftances, which in their
nature are very uncertain, it is not to be wonder’d at,
that the evaporation, and confequently the action of
the powder, is likewife uncertain. T muft remark on
this head, that, in the drieft feafons, 1 have found the
coldnefs of the barrel, and perhaps fome little moift-
ure condenfed in its cavity, to have fenfibly diminifh-
ed the force of the powder in the firft thot.

That fmall quantities of powder fhould have
their action more diminifhed than larger quantities’
with the fame degree of moifture, naturally follows
from the fmaller degree of heat, ~with which (as
we have obferved above) the explofion of fmall
charges is attended ; fince the fame proportion of
moifture muft of neceflity clog a weak fire more
effeCually, than it can do one, which is more violent.

The renfrkable foulnefs of the piece from the
firing of damp powder, which we have mentioned
above, muft likewife arife from the diminution of

G4 - the
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the ativity of the fire in the explofion. For, when
powder is of a proper temperature to fire readily and
viclently, the greateft part of its fubftarice ought to
be confumed to athes, which will then be difcernible
in the form of a greyith fubftance on all bodies pla-
ced near the mouth of the piece ; and the foulnefs of
the piece is owirg to thofe parts of the powder, which
either by their contiguity to the cold barsel, or their
lefs inflammable compofition, are but imperfectly
burnt 3 now fince moift powder produces a lefs vio-
lent flame in proportion to the moifture it im-
bibed ; it muft follow, that a fmaller part of the pow-
der will in this cafe be perfetly confumed, and con-
fequenily a greater' part will remain to contribute
to the foulnefs of the barrel. .

SCHOLIUM.

We have afferted as the bafis of our reafoning
in this propofition, that powder will imbite moift-
ure from the air in 2 humid ftate of the atmofphere ;
but it remains to aflign the quantity, it can thus
imbibe, which we fhall here endeavour to do from
our own experiments. '

A parcel of very good powder being placed
on a white paper, which was pierced with a great
number of fine holes, and the paper being held
over the fteam of hot water, I found, that in half
a minute. the powder was increafed in weight by
about !5 part,

Trying another parcel in the fame manner, but
continuing it longer in the fteam, I found, that the
powder increafed its weight by ;% part; but in this
cale fome of the grains adhered together in {mall
lumps, although the figure of the grains themfelves
was no ways chinged.

To convince myfelf that the moMure of the
atmofphers wo.ld likew.fe increafe the weight of
powder, I took about an ounce of powder, which

. had
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had for fome time been kept in a room, which
had a fire in it every day, and I found by drying
it before the fire, that it loft above 3+ of its weight;
one third of which decreafe in®weight it had again
acquired in lefs than two hours, by being removed
to a different part of the room, at a diftance from
the fire. :

Now as the weather is often much moifter, than
when I tried this experiment, and as in open air
this moifture abounds much more than in a room,
where there is a fire; it cannot be doubted, but
that fometimes the twentieth or thirtieth part of
the fubftance of the beft powder is water, which
may be eafily fuppofed to produce all the effetts,
we have obferved and defcribed in this propofi-
tion.

But however, the moifture thus imbibed by pow-
der from the air does not, as I have yet obferved,
render it lefs ative, when it is dried again. The
reader muft have obferved in the experiments of
the laft ‘propofition, how nearly thofe made with the
fame quantities of powder and in the fame circum-
ftances agree with each other. In thefe experiments,
though made at different times in the courfe of three
fummer months, the drynefs of the feafon preveated
all the inequalities of this propofition. But trying the
fame powder in the winter, in a very damp feafon, [
found, that though if it was ufed as in the fummer, in
its natural ftate, without any drying, its effects were
very irregular, and much fhort of thofe experi-
ments ; yet if each charge was well dried, juft be-
fore it was ufed, no diminution of its force could
then be perceived, nor did it appear to act in any -
manner different from what, it had done in the pre-
ceeding fummer. Indeed if the powder be. expof-
ed to the greateft damps without any caution, or
if common falt abounds in it; the moifture, it im-
bibes, may perhaps be fufficient to diffolve fome part l(x):

: t
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the nitre, which is a lafting damage, that no dry-
ing can retrieve. But when . tolerable care is taken
in preferving powder, and the nitre, it is compofed
of, has been well purged from common falt; it will
retain its force much longer, than is ufually fup-
pofed. I have heard, that powder, which had been
well kept, did not at the end of fifty years appear
to be any ways injured by its age.

Some care is neceflary in the drying of damp
powder ; for there is a degree of heat, which though
not fufficient to fire the powder, will yet mele the
brimf{tone, and deftroy the texture of the grains. Nay-
more, there is a heat, with which the brimftone
will flame and burn away gradually, and yet the
powder will not explode; of this any one may
fatisfy himfelf by heating a piece of iron red-hot,
and then throwing a few grains of powder on it
at different intervals, during the time of its coel-
ing, for by this means he will find, that at a certain
time the feparate grains, that fall on the iron, will
not explode, but will burn with a {fmall blue flame
for fome fpace of time, the grain ftill remaining un-
confumed. Indeed, when it has begun to burn in this
manner, it fometimes ends with exploding, but this
more commonly happens, when a number of grains
lie near together ; for then, though each feparate flame
‘is not fufficient to explode its refpective grain, yet
the whole fire made by them all together grows
“ftrong enough at laft to end in a general explofion ;
however, by attending to the proper temperature of .
theiron, and fpreading the grains, I have often covered
two or three fquare inches with a blue lambent
flame, which has lafted a confiderable time with-
out any,explofion, and examining the grains- after-
- wards, I could not perceive, that they had loft either
their colour or their fhape. Now fince thefe
grains, when the brimftone is thus burnt or even
melted out of them, will no longer act as powder;

it
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it is evident, that powder may be fpoiled by being
drid with too violent a heat.

From the great difference in the effetts of moift
and dry Eowder eftablifhed in this propofition, it
appears, how very uncertain and irregular all thofe
praftical operations of Gunnery may prove, where
this circumftance is not attended to; and how little
confidence can be placed in any experiments, where
this caufe of inequality could interfere.

efore I leave this article, I muft mention a
fufpicion, I once entertained about this matter. As
- water, when rarefied into vapour, is generally fup-
pofed to be near ten times more elaftic than air
equally heated, Iimagined, that poffibly the moift-
- ure imbibed by powder might, in certain cafes, be
fo proportioned to the quantity of powder, that it
might be converted into vapour by the explofion;
an§ that thereby the force of the powder might be
more increafed by the addition oﬁhis very elaftic
vapour, than it was diminithed by the damping of
its lame. And I was the more induced to believe,
that this did fometimes happen, from the expe-
riments of a late author, who tells us, that the
ranges of the fame fhot, fired from the fame mor-
tar, with equal char%es of powder, were much
greater in the frefhnefs of the morning, than in
the heat of the day. For I was well fatisfied, thac
the meer denfity of the air (to which he feems ta
impute this variety) could not produce fuch different
effets. However, upon a more accurate examina-
tion, I cannot find, that any degree of moifture
does at any time augment the force of powder; ‘for,
in all the numerous trials I have made, I never
obferved that force fenfibly to exceed its mean quan-
tity, except in two experiments; and even thofs
excefles, I had good reafon to believe, were occa-
fianed by fome difprder in the machine. However,

if



108 NEW PRINCIPLES

if the elafticity of watry vapour be as great, as it is
ufually efteemed, (a point far from being afcertained
at prefent) it is not impofiible, but fomething of this
kind may take place in the firing of large quantities
of powder. :

PR OP XL
To invefligate the wvelprity which the flame of
gunpowder acquires, by expanding itfelf, [up-
pofing it be fired in a given piece of artillery,
without either a bullet or any other body be-
Jore it. '

F the whole fubftance of the powder was con-
I verted into an ‘elaftic ‘fluid. at the inftant of the ~
explofion, then from the known elafticity of this
fluid afligned by our theory, and its known denfity,
we could eafily determine the velocity, with which
it would begin to expand, and could thence trace.
out its future augmentations in its progrefs through
the barrel; but as we have fhewn, that the elaftic
fluid, in which the activity of the gunpowder con-
ifts, is only % of the fubftance of the powder, the
remaining % will in the explofion be mixed with
the elaftic part, and will by its weight retard the
activity of the explofion; and yet they will not be
fo completely united as to move with one common
motion, but the unelaftic part will be lefs accele-
rated than the reft, and fome of it will not even be
carried out of the barrel, as appears by the confider-
able quantity of unctuous matter, which adheres
t(} the infide of all fire-arms, after they have been
ufed.

Thefe inequalities in the expanfive motion of the
flame oblige us to recur to experiments for its accu-
rate determination.

‘ ’ The
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The experiments made ufe of for this purpofe
were of two kinds: the firft was made by charging
the barrel A with 12 dw. of powder, and a fmall
 wad of tow only; and then placing its mouth 19
inches from the centre of the pendulum, mentioned
in the feventh propofition; on firing it in this fitua-
tion, the impulfe of the flame on the pendulum
- made it afcend through an arch, whofe chord was

13,7 inches; whence, if the whole fubftance of the
powder was fuppofed to ftrike againft the pendulum,
and each' part to ftrike with the fame velocity, that
common velocity muft have been at the rate of
about 2650 feet in 1. This then is the leaft velo-
city, which the powder could be fuppofed to acquire
in its expanfion; for if we fuppofe the elaftic part
to acquire a greater velocity in expanding, than the
other grofs vapour, (which it undoubtdly does) this
common velocity here afligned muft be augmented
for the elaftic fluid, and diminithed for the groflfer
fubftance of the powder. As fome part of the
velocity of the flame was loft in paffing through 19
inches of air; I made the remaining experiments on
this fubject in a manner not liable to that inconve-
nience.

I fixed the barrel A on the pendulum, fo that its
axis might be both horizontal and alfo perpendi-
cular to the plane HK; or, which is the fame
thing, that it might be in the plane of the pendu-
lum’s vibration; the height of the axis of the
piece above the centre of the pendulum was fix
inches, and the weight of the piece and of the
iron that faftened it, &¢. was 11lb,L. The bar-
tel in this ficuation being charged with 12dw. of
powder, without either ball or wad, the powder
only put together with the rammer, on the dif-
charge the pendulum afcended through an arch,
whofe chord was 10 inches, or reduced to an equi-
valent blow in the centre of ghe pendulym, fup-

P°ﬁ“g
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pofing the barrel away, it would be 14,4 inches
nearly. -

The fame experiment repeated again, the chord
of the afcending arch was 10,1 inches, which re-
duced to the centre, is 14,6 inches.

To determine what difference of velocity there
was in the different parts of the vapour, 1 loaded
the piece again with 12 dw. of powder, and rammed
it down with a wad of tow weighing 1 dw. Now [ .
conceived, that this wad being very light would
prefently acquire that velocity, with which the elaftic
part of the fluid would expand itfelf when uncom-
prefied; and I accordingly found, that the chord of
the afcending arch was by this means augmented to
12 inches, or at the centre to 17,3: whence, as the
medium of the other two experiments is 14,5, the
pendulum afcended through an arch 2,8 inches
longer, by the additional motion of 1 dw. of matter
moving with the velocity of the fwifteft part of the
vapour: and confequently, the velocity, with which
this 1 dw. of matter moved, was that of about 7000
feet in 17,

It will perhaps be objected to this determination, -
that the augmentation of the arch, through which
the pendulum vibrated in this cafe, was not all of it
owing to the quantity of motion given to the wad,
but part of it was produced by the confinement
of the powder, and the greater quantity thereby fired.
But if it were true, that a part only of the pow-
der fired, when there was no wad, it would not
happen, that in firing different quantities of powder
without a wad, the chord of the afcending arch
would increafe and decreafe nearly in the ratio of
thofe quantities, which yet I have found it to do;
for with g dw. that chord was 7,3 inches, which
with 12 dw. we have feen was but 10, and 10,13
and even with 3 dw. the chord was 2 inches; defi-

. : cient
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cient from this proportion by ,5 only; for which
defeét too, other valid reafons are to be affigned.

And there is ftill a more convincing proof, that
all the powder is fired, although no wad be placed
before the charge; which is, that the part of the
recoil arifing from the expanfion of the powder
alone is found to be no greater, when it impels a,
leaden bullet before it, than when the fame quan-
tity is fired without any wad to confine it. We
have feen, that the chord of the arch, through which
the pendulum rofe from the expanfive force of the
powder alone, is 10, or 10,1; and the chord of
that arch, when the piece was charged in the cuf-
tomary manner with a bullet and wad, I found to
be the firft time 224, and the fecond time 22;
or at a medium 22,56. Now the impulfe of the
ball and wad, if they were fuppofed to ftrike the

ndulum in the fame place, in which the barrel
was fufpended, with the velocity they had acquired
- at the mouth of the piece, would drive it through
an arch, whofe chord would be about 12,3, as is
. known from the weight of the pendulum, the
weight and pofition of the barrel, and the velo-
city of the bullet, determined by our former expe-
riments; whence, fubtralting this number' 12,3
from 22,56, the remainder 10,26, is nearly the
chord of the arch, which the pendulum would
have afcended through, from the expanfion of the
powder alone, when fired with a bullet before it ;
and this number 10,26 differs very little from 10,1,
which we have above found to be the chord of the
afcending arch, when the fame quantity of powder
expanded itfelf freely, without either bullet or wad
before it.

Again, that this velocity of 7000 feet in 17 is not
much beyond what, the moft active part of the flame
acquires in expanding, is evinced from hence, that
we have above, in the 38th experiment, an int’cance;

o
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of a ball attually difcharged with a velocity of 2400
in ¥/, and yet it appeared not, that the aftion of
the powder on this bullet was ar all diminithed on
account of this immenfe celerity; confequently, the
degree of fwiftnefs, with which in this inftance the
powder followed the ball, without lofing any part
of its preflure, muft have been much fhort of what,
the powder alone would have expanded with, had
-not the ball been there.

And it is this prodigious celerity of expanfion
of the flame of fired powder, that is its peculiar
excellence; and the circumftance, in that it fo emi-
nently furpafles all other inventions, either aneient
or modern, for the purpofe of military fprojeé'tions:
for as to the quantity of motion of thefe projettiles
only, many of the warlike machines of the ancients
produced this in a degree far furpaffing that of our
heavieft cannon-fhot or thells; but the great celerity
given to thefe bodies cannot be in the leaft ap-
proached by any other means than by the flame of
powder. The reafon of this difference is, that the
ancients could by weights, or the elafticity of fprings
and ftretched cords, augment their powers to any
degree defired; but then each addition of power
brought with it a proportional addition of matter
to be moved: fo that as the power increafed, thofe
parts of the machine, which were to communicate
motion to the projetile, and were confequently to
move with it, were likewife increafed; and thence
it neceffarily happened, that the action of the power
was not folely employed in giving motion te the
impelled body, but much the greateft past of ‘it was
fpent in accelera'ing thofe parts of the machine, in .
which the power refided, to enable them to purfue
the body to be projected with a perpetual impulfe,
during its whole paflage through the extent of
their activity. Hence then it came to pafs, 'that,
though thefe ancient machines could throw enormous

1 ‘ ‘ weights,
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weights, they could proje¢t them but with fmall
degrees of celerity, compared with what we can
communicate to our cannon and mufket - fhot:
whence, in all operations, where thefe great velo-
cities are ufeful, oyr machines are infinitely fuperior
to thofe of antiquity; although in more confined
and thorter projegtions, thefe laft have fome advan-
tages, which may yet render them worthy of the
attention of thofé military genius’s, who have capa -
city enough to confider each part of their profeffion
according to its true and genuine value, .inde-
pendent of the partial eftimation of the times they
live in,

From the determinations contained in this pro-
pofition, the force of petards may be deduced, fince
their ation folely depends on the impulfe of the
flame: and it appears, that a quantity of powder,
properly difpofed in fuch a machine, may pro-
duce as violent an effort as a bullet of twice its
‘weigll)t, moving with a velocity of 14 or 1500 feet
in 27, Ce

PR OP. XIIL

9o afcertain the manner in which the flame of
powder impels a ball, which is laid at a confi-
. derable diftance from the charge.

E have, in many of the experiments recited

by us above, laid the ball not immediately
contiguous to the powder, but a {fmall diftance from
it; the greateft interval, however, has not amounted
to more than about 14 inch, from the hinder part
of the bullet to ‘the neareft part of the powders
and, in thefe cafes, we have feen, that the theory
agreed very well with the experiments: but if a
bullet be placed at a greater diftance from the pow-
Vou. 1. H ) der,
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der, fuppofe at 12, 18, or 24 inches, we cannot
then apply to the motion of this ball the fame
principles which, in the 7th propofition, we have
applied to fuch as are contigueus to the powder, or
nearly fo; for we have feen, in the laft propofition,
that, when the furface of the fired powder is not
confined by a heavy body, which it is obliged to
tmpel before it, the flame dilates itfelf with a velo-
city much beyond what, it can at any time commu-
nicate to a bullet by its continued preflure; con-
fequently, as in the diftance of 12, 18, or 24 inches,
the powder will have acquired a confiderable degree
of this velocity of expanfion, the firft motion of the
ball will not be produced by the continued preflure
of the powder, but by the aCtual percuffion of the
flame; and it will therefore begin to move with a
quantity of motion proportioned to the quantity
of this flame, and the velocities of its refpective

arts.

P From hence then it follows, that the velocity of
a bullet, laid a confiderable diftance before the
charge, ought to be greater, than what would be
communicated to it by the preflure of the powder
acting in the manner defcribed in the 7th propofi-
tion ; and this deduction from our theory we have
confirmed by manifold experience; by which we
have found, that a ball laid in the barrel A, with
its hinder. part 11} inches from its breech, and
impelled by 12dwt. of powder, has acquired on
4ts difcharge a velocity of about 1400 feet in 1773
when, if it had been aéted on by the preffure of the
flame only, it would not have acquired a velocity
of 1200 feetin 1”/. The fame we have found to
hold true in all other greater diftances, (and alfo in
lefler, though not to the fame degree) and in all
quantities of powder. And we have likewife found,

. that thefe effeéts nearly correfpond with what was

laid down in the laft propofition about the vclocit)}
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of expanfion, and the elaftic and unelaftic parts of
the flame. : '

And from hence too arifes another confideration
-of great confequence in the practice of Gunnery;
-which is, that no bullet fhould at any time be
placed .at any confiderable diftance before the
- charge, unlefs the piece” be extremely fortified ; for
‘a moderate charge of powder, when it has ex-
panded itfelf through the vacant fpace, and reaches
the ball, will, by the velocity each part has ac-
quired, accumulate itfelf behind the ball, and will
thereby be condenfed prodigioufly; whence, if the
barrel be not of an extraordinary firmnefs in that
part, it muft by this reinforced elafticity of the
}?owder, infallibly burft. The truth of this rea-
oning I have experienced in an exceeding good
Zower-mufquet, forged of very tough iron; for
charging it with 12dw. of powder, and placing
the ball 16 inches from the breech, on the firing it,
the part of the barrel juft behind the bullet was
fwelled out to double its diameter, like a blown
bladder, and two large pieces, of two inches long,
were burft out of it.

Having feen that the entire motion of a bullet,
laid"at a confiderable diftance from the charge, is
acquired by two different methods, in which the
powder as on it; the firft being the percuffion of
the parts of the flame, with the velocity they had
refpetively acquired by expanding; the fecond, the
. continued preflure of the flame through the remain-

ing part of the barrel; I endeavoured to feparate
thefe different attions, and to retain that only, which
arofe from the continued preffure of the flame.
For this purpofe, I no longer placed the powder
at the breech, from whence it would have full fcope
for its expanfion, but I fcattered it as uniformly,
as I could, through the whole cavity left behind the

Jbullet ; imagining that, by this means, the progreflive
. H 2 . velocity



116 NEW PRINCIPLES

velocity of the flame in each part would be pre-
vented by the expanfion of the neighbouring parts:
and 1 found, that the ball being laid 114 inches
from the breech, its velocity, inftead of 1400 feet
in 17, which it acquired in the laft experiments,
was now no more than 1100 feet in 1”/; which is
100 feet fhort of what, according to the theory,
thould arife from the continued preflure of the pow-
der only.

The reafon of this deficiency was, doubtlefs, the
inteftine motion of “the flame; for the accenfion
of the powder, thus diftributed through fo much
a larger fpace than what it could fill, muft have
produced many reverberations and pulfations of the
flame; and from thefe internal agitations of the
fluid, its preflure on the containing furface will
(as is the cafe in all other fluids) be confiderably
diminifhed ; and it has been in order to avoid this
irregularity, that in all the experiments 1 have
made, I have taken particular care to have the
powder clofely confined in as fmall a fpace as pofii-
})le, even when the bullet lay at fome little diftance
rom it.

PR OP XIIL

To enumerate the wvarious kinds of powder, and
to defcribe the propercft methods of examining
its goodnefs. -

HE powder, we have hitherto confidered, is
fuppofed to be fuch as is made for the fervice
of the government; but, befides this, there are
‘many other kinds, fome better and fome worfe,
which I here propofe to enumerate, as tar as they
have come to my knowledge.
But, firft, I muft premife, that the government.
powder, if properly wrought, is, 1 believe, ncarly
as
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as good, as any powder made for general ufe. I
have examined it with great care, and have com-
pared it with other powders made here in England,
which are efteemed the beft, fuch as the Batsle, E5¢.
and I cannot find any fenfible difference between
them. I have likewile compared it, in frequent
trials, with fome Spanifb powder, taken out of the
St. Fago prize; and though, if 1 were to give my
opinion, | fhould rather believe the Spanifb powder
the better of the two, yet fo fmall an inequality
as a fiftieth or fixtieth part, which is the moft, that
the difference between them can amount to, is
too lictle to be afcertained with abfolute certainty.
I conceive too, by comparing the experiments of
others with my own, that the French powder is
ligele different from ours; although I cannot be fo
certain -on this head, as I could wifh, having never
been. able to procure any of their powder myfelf,
But it muft be remembered, that when I fpeak of
our government powder, it muft be, what is fup-
pofed to be made of the ftandard proportion of
materials, and properly wrought; for fuch was the
powder 1 made ufe of.

The ftrongeft powder, I have yet met with, is
fome which, 1 am told, was made in Holland; its
force, compared with that of our government pow-
der, ‘is nearly as 5 to 4. But this powder is un-
doubtedly made of the choiceft Eic ed materials, .
and is probably wrought up with fpirits; fo that
quantities of it could not be made, but at a much
greater expence, than what would be repaid by its .
additional ftrength. . ,

- The next beft powder, that has come to my
hands, is a powder made in Portygal, under the
dire€tion of a Dutchman, who fome years fince
eftablifhed powder-mills near Ljfon. This is in
ftrength inferior to the Dutch powder: lat men-

' H 3 tioned ;-
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tioned; but is, however, nearer to that than to our
government powder. ‘ :
The common fale powder here in England, fuch
as is to be had at every grocer’s, is much worfe
than the government or the bartle powder, and
extremely various, according to the c:{)rice of the
maker. I have tried fome, whofe ftrength has
been in proportion to the government powder, as
2 to 3 nearly, and other parcels have been ftill -
worfe ; but the worft of all is the powder made for
the African trade, ufually ftyled Guimea powder:
but thefe weaker powders are not worth examina-
tion, as there is no eftablifhed ftandard for 'their
compofition. . ro '

+ Now thefe differences in the ftrength of powder
may arife from three caufes; either from the quality
of the materials, from the proportion obferved in
their mixture, or from the manner of working them
together. R

Powder, as is generally known, is compofed of
faltpetre, fulphur, and charcoal: Of thefe materials -
the fulphur and charcoal are much the cheapeft; “and -
though there are peculiar kinds of thefe, which are
fitteft for this purpofe, yet the expence of having
the very beft is fo fmall, when compared to the whole
coft of the powder, that it is ftrange, if powder,
which would be otherwife good; is fpoiled by bad
fulphur or charcoal. - e :
* The moft expenfive part of thecompofition, and -
confequently the part to which the defetts of pow-
der are oftner owing, is the faltpetre. This is a
fubftance imbibed by the earth from the air; for
a‘quantity of earth, which has had its falépetre
wathed out of it, will, when it has been expofed
to the air for fome time, produce faltpetre again;
and this as often as the expe’riment thall be re-

’ Saltpetre
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Saltpetre is of itfelf an uninflammable fubftance3
for if 1t be placed in the moft violent fire, it only
melts, and never flames, provided no' combuftible
matter is permitted to mix with it: but though of it-
felf, unmixed with other bodies, it will neither flamé
nor burn; yet, if it be joined with burning fub-
Rances, it prodigioufly augments the violence of
their burning; performing, in this cafe, what thé
air, forcibly mixed with fire by the blaft of a pair
of bellows, does in a much inferior degree.

Powder then being a mixture of fulphur and
charcoal, which are very inflammable fubftances,
with faltpetre, which in itfelf is not, if the falt-
petre be too much in quantity, when compared with
the other two, their burning may not be fufficient
to confume the whole of the faltpetre; whence the .
fire may be lefs violent, and confequently (accord-
ing -to what we have obferved in the 1oth propo-
fition) ‘the powder lefs vigorous, than if fome of
the faltpetre was taken away, and a like quantity
of the other materials were added in its ftead. On
the other hand, if the faltpetre in the compofition
be -lefs, than what the burning of the other two
fubftances can eafily confume, thé fire will be lefs
adive than it ought to be; becaufe it is not augs
mented fo much as it would be, if a larger quan~
tity of faltpetre had been added to the compo-
- fition. '

Hence then it appears, that the goodnefs of pow-
der is not to be eftimated only from the quantity
of faltpetre contained in it, although that fubftance
feems to be the bafis of the elaftic fluid, in which
its force confifts; for fince the converting of the
faltpetre into that fluid, and the elafticity of the
fluid afterwards, depend in fome meafure on the
violence of the fire produced at the explofion, it is
plain, that there is a certain proportion in the mix-
ture of the materials, which will beft contribute to

H 4 this
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this purpofe, and confequently to the perfection of
the powder. : ‘

" What this proportion is, has been afcertained- by
experience; and it feems now to be generally agreed,
that in any quantity of powder 3 of it fhouid be
faltpetre, the remaining + confifting of equal quan-
titles of fulphur and charcoal. This is the propor-
tion followed by the French, and, I believe, by moft
nations in Eurcpe: we, indeed, pretend to a greater
degree of nicety in our proportions; though, I am
told, they do not greatly differ from what I have
mentioned; nor am I convinced, that they are pre-
ferable: this I am fure of, that no methods of prov-
ing powder, hitherto generally prattifed in England,
could at all afcertain the difference; and other pow-
ders, made with the ufual proportions, are no whit
inferior to ours. . -

But it is not the due proportion of the materials
only, which is neceffary to the making of good pow-
der; another circumftance, not lefs eflential, is the
mixing them well together; if this be not effectually
done, fome parts of the compofition will have too
much faltpetre in them, and others too little; and
in either cafe there will be a lofs of ftrength in the
powder. : ,

As the excellency of powder then depends on fo
many particulars, in the quality and quantity of the
materials, and in the working them together ; it is,
doubtlefs, of great importance, that thofe who re-
ceive the publick ftores fhould have it in their power
to fatisfy themfelves about the goodnefs of what is
delivered to them. The method moft commonly
followed for this purpofe, here with us, is (if I am
rightly informed) to™ fire a fmall heap of it on a
clean board, and to attend nicely to the flame and
fmoke it produces, as likewife to the marks it
leaves behind it on the table; from all which
inftru@tive particulars the merit of the powder is
oo afcertained



OrF GUNNERY. 12f

afcertained with great accuracy, as is pretended :
but befides this uncertain method, which, T pre-
fume, (how much foever it may be practifed) none
will ferioufly undertake to defend, there are, on
particular occafions, other contrivances made ufe
of;; all which bear fome analogy to the common
powder-triers, fold at the fthops; only they are more
artfully fabricated, and inftead of a fpring they
move a weight, which is a more certain and equable
power. .

But thefe machines, though more perfect than the
common powder-triers, are yet liable to great irre-
gularities; for as they are all moved by the inftanta-
neous ftroke of the flame, and not by its continued
preflure, they do not determine the force of the
fired powder with that certainty and uniformity,
which were to be defired in thefe kinds of trials:
and therefore, I cannot but think :the method fol-
lowed by the French, in the receiving of powders
from the makers, to be much better. Their pratice
is thus. _ _ :

They have, in each magazine, a {mall mortar
caft, with its bed, according to a determined pat-:
tern, which is the fame throughout the kingdom:
this mortar js always pointed at 45°, and it contains
juft three ounces of powder; and it is a ftanding
maxim, that no powder can be received into their -
ftores, unlefs three ounces of it, placed in the
chamber of this mortar, throws a folid ball of 73
inches diameter to the diftance of at leaft 55 French
fathom,

It has been objécted to this method, that if each
barrel of powder was to be proved in this manner,
the trouble of charging the mortar, and bringing
back the ball each time, would be intolerable, and
the delay fo great, that no bufinefs of this kind
could ever be finithed; and if a number of bar-
rels are received on the merit of a few, it is great
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CHAP IL

Of the refiffance of the air, and of tbe
track d /Z'rzbed by the ﬂngt of /Z)ot
ana’ /be/l.r. .

"E I more mmutcly difcufs the

of this chapter, it is neceffary

nife, that the greateft part of

. have eftablifhed it as a certain

at, whilt the fame body moves

1, it is always refifted in the
duplicate proportion of its velocity; that is, if the
refifted body move in one part of its track with
three times the velocity, with which it moved in
fome other part, then its refiftance to the greater
velocity will be mine times the refiftance to the
lefler.  If the velocity in one place be four times
the velocity in another, the refiftance to the greater
velocity will be fixteen times the refittance to the
leffer, and fo on.” This rule, though exccﬁlveky erro-
neous, (as we fhall hereafter thew) when taken in
a general fenfe, is yet undoubtedly very near the
truth, when confined within certain limits; ~ and
thereforc, in our future difquifitions, we fhall fup-
pofe, that in all fmall changes of velocity in the refit-
ing body it does accurately hold true; fo that when
we fpeak hereafter of the refiftance of the medium
being increafed or diminifhed by the varying of the
vclocu:y, we fhall not hereby include that increafe
or diminution, which ought to take place according

to this law, but fhall thereby intend a rcﬁﬁance,
grcatcr,
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greater or leis, than what the moving body ought
to undergo from the application of this principle;
that is, we fhall thereby underftand. an increafe or
diminution in the refifting power of the medium,
fimilar to what might be occafioned by increafing
or diminithing its denfity: the principal purport
of our prefent attempt being to evince, that, ac-
cording to the different compreffion of the medium,
or the different degree of velority in the moving.
body, fuch changes may arife in the refifting power
of the medium, as could fcarcely be effeéted, ac-
cording to the principles commonly received on this
fubjeét, by a treble augmentation of its denfity.
This we doubt not irrefragably to confirm in the
following differtation. N .

PROPOSITION L

To defcribe the general fbrinbiples of the re-
Siffance of fluids to folid bodies moving in

them.

N order to conceive the refiftance of fluids to

a body moving in them, it is neceffary to diftin-
guifh between thofe fluids, which being comprefled
by fome incumbent weight, perpetually clofe up
the fpace deferted by the body in motion, without
gcrmitting for an inftant any vacuity to remaih be-
ind it; and thofe fluids in which (they being not
fufficiently comprefled) the fpace left behind the
moving body remains for fome time empty. Thefe
differences, in the refifting fluids, will occafion
very remarkable varieties in the laws of their re
fiftance, and are abfolutely necefary to be confidered
in the determination of the aétion of the air on
fhot and fhells ; for the air partakes of both thefe
affeCtions, according to the different velocities of
the projected bady. ‘ i

2
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If a fluid was fo conftituted, that all the par-
ticles compofing it were at fome diftance from each
other, and there was no action between them ; then
the refiftance of a body moving therein would be
eafily computed, from the quantity of motion com-
municated to thefe particles: for inftance, if a cy-
linder moved in fuch a fluid in the dire&ion of
its axis, it would communicate to the particles it
met with a velocity equal to its own, and in its
own direction, fuppofing that neither the cylinder,
nor the parts of the fluid, were elaftic; whence,
if the velocity and diameter of the cylinder be
known, and alfo the denfity of the fluid, there
would thence be determined the quantity of mo-
tion eommunicated to the fluid, which (ation
.and re-action being equal) is the fame with the
quantity loft by the cylinder, confequently the
refiftance would be hereby afcertained. o
~ In this kind of difcontinued fluid, the particles
being detached from each other, every one of them
can purfue its own motion in any direction, at leaft
for fome time, independent of the neighbouring
ones; wherefore, if, inftead of a cylinder moving
in the direction of its axis, a body, with a fur-
face oblique to its direction, be fuppofed to move
im fuch a fluid, the motion the parts of the fluid
will hereby acquire, will not be in the direction of
the refifted body, but perpendicular to its oblique
furface; whence the refiftance to fuch a body will
not be eftimated from the whole motion communi-
cated to the particles of the fluid, but from that
part of it only, which is in the direction of the re-
fiited body. In fluids then, where the parts are
thus difcontinued from each other, the different ob-
liquities of that furface, which goes foremoft, will oc-
cafion confiderable changes in the refiftapce, although
the fection of the folid by a plain perpendicular to its
dire¢tion fhould in all cafes be the. fame. And Sir

- Ifaac
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Ifasc Newton has particularly determined, that in
a fluid thus conftituted,  the refiftance of a globe
is but half the refitance of a cylinder of the fame
diameter, moving in the direftion of its axis with
the fame velocity. ’

But though the hypothefis of a fluid, thus confti-
tuted, be of great ufe in explaining the nature of
refiftances ; yet, in reality, no fuch fluid does exift
within our knowledge : all the fluids, with which we
are converfant. are fo formed, that their particles
“either lie contiguous to each other, or at leaft aét
on each other in the fame manner, as if they did;
confequently, in thefe fluids, no one particle, con- .
tiguous- to the refifted body, can be moved, with-
out moving at the fame time a great number of
others, fome of which wiil be diftant from it; and
the motion thus communicated to a mafs of the
fluid will not be in any one determined dire&ion,
but will in each particle be different, according to
the different manner in which it lies in conta& with
thofe, from whence it receives its impulfe ; whence,
great numbers of the particles being diverted into
oblique diretions, the refiftance of the moving
body, which will derend on the quantity of mo-
tion communicated to the fluid in its own direc-
tion, will be hereby different in quantity, from what
it would be in the preceding {uppofition, and its
eftimation becomes much more complicated and
operofe. . ,

If the fluid be comprefled: by the incumbent
weight of its upper parts (as all fluids are with
us, except at their very furface) and if the velo-
city of the moving body be much lefs ‘than that,
with which the parts of the fluid would rufh into
a void fpace, in confequence of their compteffion,
it is evident, that in this cafe the fpace left by the
moving body will be inftantaneoufly filled up by

the flud, and the parts of the fluid againft which
: ‘ the
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the foremoft part of the body prefles in its mo-
tion, will, inftead of being impelled forwards in the
_dire&tion of the body, circulate in fome meafure
towards the hinder part of the body, thereby to
reftore the equilibrium, which the eonftant influx
of the fuid behind the body would otherwife de-
ftroy ; whence the progreflive motion of the fluid,
and confequently the refiftance of the body, which
depends thereon, would be in this inftance much
Jefs than in our firft hypothefis, where each par-
ticle was fuppofed to acquire, from the ftroke of
the refifting body, a velocity equal to that, with
which the body moved, and in the fame direc- -
tion. Sir Ifaac Newton has determined, that the re-
fiftance to a cylinder moving in the diretion of
its axis, in fuch a comprefled fluid, as we have
here treated of, is but one fourth part of the re-
fiftance, which the fame cylinder would undergo,
if it moved with the fame velocity in a fluid con-
ftituted in the manner, we have defcribed in our
firft hypothefis, each fluid being fuppofed to be
of the fame denfity.

But again, it is not only in the quantity of their
refiftance that thefe fluids differ, but hkewife in
the different manner, in which they a& on folids of
‘different forms moving in them.

We have fhewn, that in the difcontinued fluid,
which we firft defcribed, the obliquity of the fore-
moft furface of the moving body would diminifh
the refiftance; but in comprefled fluids this holds
not true, at leaft not in any confiderable degree ;
for the principal refiftance in comprefled %luids
arifes from the greater or lefler facility, with which
the fluid, impelled by the fore part of the body,
can circulate towards its hindermoft part; and this
being little, if ac all, affected by the form of the
moving body, whether it be cylindrical, conical,
of pherical, it follows, that while the tranfverfe fec-

tion
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tion of the body, and confequently the quantity of
impelled fluid be the fame, the change of its figure
will fcarcely affe¢t the quantity of its refiftance.

And this cafe, that is, the refiltance of a com-
prefled - fluid to a folid, moving in it with a velo.
city much lefs than what the parts of the fluid
would acquire from their compreffion; this cafe,
I fay, has been very fully confidered by Sir J/aac
Newton, who has afcertained the quantity of fuch
a refiftance according to the different magnitudes
of the moving body, and the denfity of the fluid.
But he very exprefsly informs us, that the rules he
has laid down are not generally true, but upon a
fuppofition that the compreffion of the fluid be
increafed in the greater velocities of the moving
body : however fome unfkilful writers who have
followed him, overlooking this caution, have ap-
plied his determinations, to bodies moving with-
all kinds of velocities, without attending to the
different compreffions of the fluids they were re-
fited by; and by this means they have accounted
the refiftance of the air to mufket and cannon-fhot
to be but one third part, of what I have found ic
by experience.

Indeed, from all we have faid, it appears plain
enough, that the refifting power of the medium
mutft be increafed, when the refifting body moves fo .
Aaft, that the fluid cannot inftantaneoufly prefs in
behind it, and fill the deferted fpace; for when
this happens, the body . will be deprived of the
preflure of the fluid behind it, which in fome

- meafure ballanced its refiftance, and muft fupport
on its fore part the whole weight of a columa of
the fluid, independent of the motion it gives to
the parts of the fluid ; and befides the motion in
the particles driven before the body is, in this cafe,
lefs affe@ed by the compreffion of the fluid, and
confequently they are lefs deflected from the di-

Vou I.-- I ' rection
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retion, in which they are impelled by the refifted'
furface; whence this “fpecies of refiftance ap-.
proaches more and more to that defcribed in ouf
firft hypothefis, where each particle of the fluid
being unconneéted with the neighbouring ones,
purfued its own motion, in its own direction; with-
out being interrupted or deflected by their conti=
guity ; and therefore, as we before obferved, tha¢
the refiftance of a difcontinued fluid to a cylin-
der, moving in the direction of its axis, was four
times greater than the-refiftance of a fluid fuffici-
ently comprefled of the fame denfity, it follows,
that the refiftance of a fluid, when a vacuity is

- left behind the moving body, may be near four

times greater than that of the fame fluid, when
no fuch vacuity is formed; for when-a void fpace
is thus left, we have fhewn the refiftance to approach
in its nature to that of a difcontinued fluid.

This then may probably be the cafe in a cy-
linder moving in the fame compreffed fluid, ac-
cording to the'different degrees of its velocity ; fo
that if it fet out with a great velocity, and moves
in the fluid till that velocity be much diminifhed,
the refifting power of the medium may be near
four times greater in the beginning of its motion
than in theend. In a globe the difference’ will not
be fo great, becaufe on account of its oblique fur-
face, its refiftance in a -difcontinued medium is but
about twice as much as in one properly compreffed;
for its oblique furface diminifhes its refiftance in
one cafe and not in the other: however, as the
compreflion of the medium, even when- a vacuity
is lett behind the moving body, may yet confine
the oblique motion of the parts of the fluid, which
are driven before the body, and as in-an ‘elaftic
fluid (as is’ our air) there will be fome degree of

“condenfation in thofe parts, it is highly probable,

that the refiftance of a globe, moving'in' a com-
R ¥ - prefled
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Ereﬁ'cd fluid with a very great velocity, will be
etween that of a globe and of a cylinder, in a difcon-
tinued medium ; that is, (in proportion to its ve-
locity) we may fuppofe it .to be more than twice,
and lefs than four times the refiftance of the fame
globe, moving flowly through the fame medium;
‘Wwhence, perhaps, we fhall not much err in fuppofing
the globe in its {wifteft motions to be refitted near
three times more, in proportion to its velocity, than
when it is floweft. ' : ,
And as this increafe of .the refifting -power of
the medium’ will take place, when the velocity of
the moving body is fa great, that a perfect vacuity
is left behind it, fo fome degree of augmentation
will be fenfible in velocities much fhort of this ; for
even when, by the compreflion of the fluid, the
fpace left behind the body is inftantaneoufy filled
up, yet if the velocity, with which the parts of the
fluid ruth in behind, is not much greater than that,
with which the body moves, the fame reafons we
have yrged.above, in..the cafe of an . abfolute vae
cuity,. will hold in a lefs degree in this inftance;
and therefore ‘'we are not. to fuppofe, that the in=
creafed refiftance, which we have hitherto treated
of, immediately vanifhes, when the compreffion of
the fluid. is juft fufficient to prevent a vacuum be-
hind the refifted body ; but we muft confider it™as
diminifhing only, according as the velocity, with
which the parts of the fluid follow the body, ex-
ceeds that, with which the body moves. .
Hence then we conclude, that if a globe fers
out in a refifting medium, with a velocity much
exceeding that with which' the particles of the me-
dium would rufh into a void fpace, in confequence
of their compreflion, fo that a vacuum is nccefla-
rily left behind the globe in its motion, the re-
fittance of this medium to the globe wiil be ncar
three times greater, in [p(oportion to its velocity,
: ' 2 thag
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than what we are fure, from Sir Ifzac Newton,
would take place in a flower motion. We may
farther conclude, that the refifting power of the
medium will gradually diminifh, as the velocity
of the globe decreafes, till at laft, when it moves
with velocities, which bear but a fmall proportion
to that, with which the particles of the medium fol-
Jow it, the refiftance becomes the fame with what
is affigned by Sir [faac Newton in the cafe of a
comprefled fluid.

And from this determination we may learn, how
falfe that pofition is, which afferts the refiftance
of any medium to be in the duplicate proportion
of the velocity of the refifted body; for it plainly
appears, by what we have faid, that this can only
be confidered as nearly true in fmall variations of
velocity, and can never be applied in the compa-
ring together the refiftances to all velocities what-
ever without the moft enormous errors. _

Thefe principles being laid down, we fhall next
proceed to an experimental examination of the re-
fiftance of the air in particular, both in order thence
to evince how nearly thefe fpeculations agree to
the real obferved action of fluids, and likewife ta
- fhew, how egregioufly all thofe theorifts have been
miftaken, who have conceived, that the refiftance
of the air to fhells and fhot of all kinds was
fcarcely worthy of attention.

PROP IL

To determine the refiffance of the air to pro-
' Jectiles by experiments.

Y means of the machine defcribed in the 8th
propofition, I have it in my power to deter-
mine the velocity, with which a ball moves in any
part of its track, provided I can direct the piece
fo as to caufe the bullet to impinge on the pendu-
lum
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lum placed in that part; and therefore charging a
mufket-barrel three times fucceflively with a leaden -
ball of 3 of an inch diameter, and about half its
. weight of powder, and taking fuch precaution in
the weighing of the powder, and placing it, that
I was affured, by many previous trials, that the
velocity of the ball could not differ by 20 feet in
1” from its medium quantity, I fired it againft the
pendulum placed at 25 feet, at 75 feet, and at 125
feet diftance from the mouth of the piece refpec-
tivelys and I found that it impinged againft the
‘pendulum in the firft cale with a velocity of 1670
feet in 17, in the fecond cafe with a velocity of
1550 feet in 1”, and in the third cafe with a ve-
locity of 1425 feetin 1”3 fo that in paffing through
50 feet of air, the bullet loft a velocity of about
120 or 125 feet in 1”3 and the time of its pafling
through that fpace being about % or 1% of 17, the
medium quantity of refiftance muft, in thefe in-
ftances, have been about 120 times the weight of
the ball, which (as the ball was nearly o of a
pound) amounts to about 10 lb. avoirdupoife.
Now if a computation be made according to
the method laid down for compreflfed fluids in the
38th’ propofition, lib. 2. of Sir Ifzac Newton’s
Principia, fuppofing the weight of water to be to
the weight ofP:ir, as 850 to 1, it will 'be found,
that the refiftance to a globe of 3 of an inch dia-
meter, moving with a velocity of about 1600 feet
in 1”, will not, on thofe principles, amount to any
more than a force of 4 3 Ib. avoirdupoife; whence,
as we know, that the rules contained in that pro-
Eoﬁtion are very accurate in flow motions, we’may
ence conclude, that the refifting power of the air
in flow motions is lefs than in {wift motians in the
ratio of 4 & to 10, a proportion between that of

3to2and 1to3.
I3 Again,
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Again, I chatged the fame rPiecc, a number of
times, with equal quantities of powder, and balls
of the fame weight, taking all poffible care to
give to every fhot an equal velocity ; and firing
three times againft the pendulum, placed 25 fegt
only diftant from the mouth of the piece, the
medium of the velocities with which the ball im-
pinged, was nearly that of 1690 feet in 1”: then
removing the piece 175 feet from the pendulum,
I found, taking the medium of five fhots, that the
velocity, with which the ball impinged at this dif-
tance, was that of 1300 feet in 1”; whence the
ball, in paffing through 150 feet of air, loft a
velocity of about 390 feet in 1”3 and the refift-
ance computed from thefe numbers comes out
fomething more than in the preceding inftance, it
amounting here to between 11 and 12 pounds,
avoirdupoife ; whence, according to thefe expe-
riments, the refifting power of the air to fwift mo-
tions is greater than in flow ones in a ratio, which
approaches nearer to the ratio of 3 to 1, than in
the preceding experiments.

Having thus afcertained the refiftance to a ve-
locity of near 1700 feet in 1”, which muft be al-
lowed to be more than’ fifficient for leaving a
wacuwm behind the ball, I next examined the re-
fitance to {maller velocities ; and for this purpofe
I charged the fame barrel with balls of the fame
diameter, but with lefs powder; and placing the
pendulum at 25 feet diftance from the piece, I
fired againft it five times with an equal charge
each time; the medium velocity, with which the
ball impinged, was that of 1180 feet in 1“; then
removigg the pendulum to the diftance of 250
feet, the medium velocity of five fhots made at
this diftance was that of g50 feet in 1”; whence
the ball, in pafling through 225 feet of air, loft
& velocity of 230 feet in 1”; and as it paffed
o through

L4
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through that interval in about % of 17, the refift-
ance to the middle ‘velacity will come out to be
near 33} times the gravity of the ball, or 2 lb.
10 ez. avoirdupoife. Now the refiftance to the
fame velocity, according to the laws obferved in
flower motions, amounts to 4 of the fame quan-
tity ; whence, in a velocity of 1065 feet in 17,
the refifting power of the air is augmented in no
greater a proportion than that of 7 to 11; whereas
we have feen in the former experiments, that to
ftill greater degrees of velocity, the augmentation
approached very near to the ratio of 1 to 3.

‘But farther I fired three fhot, of the fame fize
and weight with thofe already mentioned, over a
large piece of water; fo that their- dropping into
the water being very difcernible, both the diftance
and time of their flight might be accurately af-
certained ; each fhot was dilcharged with a velo-
city of 400 feet in 1”5 and I had fatisfied myfelf,
by many previous trials of the fame charge with
the pendulum, that I could rely on- this velocity
to 1a feetin 1”. The firft thot flew 313 yards
in 4"}, the fecond flew 319 yardsin 4", and the
third 373 yards in 5”;. According to the theory
of refiftance eftablithed for {low motions, the firft
fhot ought to have fpent no more than 3”2, in its
flight, the fecond 3,28, and the third 4” ;. whence
it is evident, that every fhot was retarded confide-
rably more than it ought to haye been, had that
theory taken place in its meotion; confequently,
the refifting power of the air is very fenfibly in-
creafed, even in fo fmall a velocity as that of 400
feetin 17,

" From all that we have related then, it appears,
that the theory of the refiftance of the air, efta-
blithed in flow motions by Sir Jfaac Newton, and
confirmed by many experiments, is altogether er-
roncous, when applied to6 the fwifter motions of

14 mufket
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mufket or cannon-fhot; for that, in thefe cafes,
the refifting power of the medium is augmented
to .near threc times the quantity affigned by that
theory ; that, however, this increafed power of
refitance diminithes as the velocity of the refifted
body diminithes, till at length, when the motion
is fufficiently abated, the attual refiftance coincides
with that {uppofed in the theory; that therefore
the refiftance is not in the duplicate proportion of
the velocity of the moving bedy, as is ufually af-
ferted, but varies from that proportion according
to the different compreffion of the fluid compared
with the velocity; confequently, from the confi-
deration of thefe particulars, we may venture to
affert, that whilt the refittance of the air was
thus imperfe€tly and faultily conceived, the track
of mufket and cannon-fhot through that medium
could not be- afcertained with the leaft degree of
certainty 3 and therefore the art of gunnery could
not but continue extremely imperfect: however, it
s not fufficient to have fhewn the refiftance to be
augmented in great velocities, beyond what has
been ufually fuppofed; but, that we may be enabled
more definitely to compute the motion of projec-
tiles, it is neceffary that we fhould affign the rate
of this augmentation according to the different ve-
ocities of the refifted body. This fhall be the fub-
e& of our next propofition.

PR OP IL

To affign the different augmentations of the ro-
JSifting power of the asr according to the different
‘welocities of the refified body.

S no large thot are ever proje@ted in practice

with velocities exceeding that of 1700 feet

-3 1”5 1 have not as yet made any experiments en
: the
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the refiftance of bodies which have moved with
a fwifter motion than this, efteeming the determi- '
nation of the varjation of the refiftance -to all lef-
fer velocities, to be fufficient for the purpofes’of this
treatife. .

According to the trials I have made, the refift-
ing power of the air to velocities lefs than thas of
1700 feet in 1”, may be thus nearly exhibited.

[ s 1

A C B D

Let AB be taken to AC in the ratio of the ve-
locity of 1900 feet in 1”, to the given velocity to
which the refifting power of the air is required ;
continue the line AB to D, fo that BD may be
to AD, as the refifting power, of the air to flow
" motions is to its refifting power to a velocity of
1700 feet in 1”, then fhall CD be to AD, as
the refiting power of the air to flow motions is
to its refifting power to the given velocity repre-

fented by AC,

PROP 1IV.

To determine the wvelgcities with which mufket
and cannon-fhot are difcharged from their
refpective pieces by their ufual allotment of
powder.

ROM the computations of the 4th propoe

fiion of the 1ft chapter, confirmed by the

fucceeding experiments, it plainly appears, that a
leaden ball of 2 of an inch in diameter, and wei

ing nearly 1 3 oz. avoirdupoife, if it be fired

from a barrel of 45 inches in length, with half

its weight of powder, will #lue from that p‘iﬁ :
w
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with a velocity which, if it were uniformly contis
nued, would carry it near 1700 feet. i 1”7,

If inftead of a leaden ball an iron one of the fame
diameter was placed in the fame fityatian in the
fame piece, and was impelled by the fame quan.
tity of powder, the velocity of fuch an iron bullet

- would be greater than that of the leaden one, in
the fubduplicate ratio of the fpecific gravities of
lead and iron; and fuppofing that ratio to be as
3 to 2, and computing on the principles laid down
in the laft-cited propofition, it will appear, that an
iron bullet of 24 lb. weight, fhot from a piece of
10 feet in length, with 16 lb. of powder, will
acquire from the explofion a- velocity which, if
uniformly continued, would carry it nearly 1650
feet in 1”. -

This is the velocity which, according to our
theory, a cannon-ball of 24 lb. weight is dif-
charged with, when it is impelled by a full charge
of powder; but if, inftead of a quantity of pow:-
"der weighing two-thirds of the ball, we fuppofe
the charge to be only half the weight -of the ball,
then its velocity will on the fame principles, be
no more than at the rate of 1490 feet in 1”; and
the fame would be the velocities of every leffer
‘bullet, fired with the famasproportions of powder,

. if the lengths of all pieces were conftantly in the
fame ratio with the diameters of their bore: and
although, according to the ufual dimenfions of the -
fmaller pieces of artillery, this proportion does
not always hold, yet the difference is not confider-
wuble enough to occafion a very great variation from
* the velocities here affigned ;5 as will be obvious to
any one, who fhall make a computation thereon.

! But in thefe determinations, we fuppofe the
l?wind{'e\ge to be no more, than is juft neceffary fér
 the ealy putting-down the bullet ;. whereas, ia real

+ fervice, either through negligence or unfkilfulnefs,

it
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it often happens, that the diameter of ‘the bore fo
much exceeds the diameter of the bullet, that great
part of the inflamed fluid efcapes by its fide;
whence the velocity of the fhot, in this cafe, may
be confiderably lefs, than what we have affigned.
However, part of this may poffibly be compen-
fated by the greater heat, which (as we have ob-
" ferved in thé 6th propofition) in all probability
attends the firlng of thefe large quantities of pow-
der.

Al

" COROLLARY.

From the great velocity of cannon-fhot affigned -
in this propofition we may clear up that difficulty,
which has driven fome writers, on the common
theory of gunnery, into-a very extraordinary hypo-
thefis. The difficulty, 1 mean, is the extent of the
fuppofed point-blank fhot, or the diftance to which
it is conceived to fly in a ftraight line. Our Ander-
Jon haviniA found, by many experiments, that the
track of thells and bullets, in the firft part of their
motion, was much lefs incurvated, than what it
ought to be on the principles of Galiles, when come
pared with the diftant ranges, he fuppofed, in order
to reconcile this circumftance with his theory, that
every fhor was impelled to a certain diftance from
the mouth of the piece, in a ftraight line, or that
for fome diftance it was no ways affeted- by the
action of gravity. By this means he defended, as -
he thought, the hypothefis of .a parabolic motion,
and at the fame time aflented to the vulgar opinion
of the practical writers, who, in general, afferted
the fame thing. But could no better account be
given of his experiments, it would yet be unne-
. ceflary, I prefume, formally to confute fo ftrange a

fuppofition as that of the fufpenfion of the action of
gravity.  Indeed, Anderfon was deceived, by his ot

: knowing
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knowing how greatly the primitive velocity of the
heavieft fhot is diminifhed in the courfe of its flight
by the refiftance of the air. And the received opi-
nion of practical gunners, is not more difficult to
account for, fince, when they agree, that every fhot
flies in a ftraight line to a certain diftance from the
piece, which imaginary diftance they have deno-
minated the extent of the point-blapk fhot, we
need only fuppofe, that within that diffance, which
they thus determine, the deviation of the path of the
fhot from a ftraight line is not very perceptible
in their method of pointing, Now, as a fhot of
24lb. fired with two thirds of its weight in powder,
will, at the diftance of 500 yards from the piece,
be feparated from the line of its original direction,
by an angle of little more than half a degree;
thofe, who are acquainted with the inaccurate
methods often ufed in the dire€ting of cannon,
will eafily allow, that fo fmall an aberration as this
may, by the generality of practitioners, be unat-
tended to, and the path of the fhot may confe-
quently be deemed a ftraight line, efpecially as other
caufes of error will often intervene, much greater
than what arifes from the incurvation of this line by
gravity. . o,

In the prefent propolfition, the velocity of a fhot
is determined, both "when fired with two thirds of
its weight of powder, and with half its weight of
powder, refpe@ively; and, on this occafion, I muft
remark, that on the principles of the theory, which
we have afcertained in this treatife, the increafing .
the charge of powder will increafe the velocity of
the thot, till the powder arrives at a certain quan-
tity; after which, if the powder be increafed, the
velocity of the fhot will diminith. The quantity
‘producing the greateft velocity, and the proportion
getween that greateft velocity and the velocity com-

municated



Or GUNNERY. 141

. miunicated by greater and leffer charges, may be
$hus affigned.

¢ L

\l
Gl E' H
, — F
\' N
A I D I B

Let AB reprefent the axis of the piece; draw AC
perpendicular to it, and to the afymptotes AC and
AB, defcribe any hyperbola LF, and draw BF par-
-allel to AC; find out now the point D, where the
reCtangle ADEG is equal to the hyperbolic area
DEFB, then will AD reprefent that heighth of the
charge, which communicates the greateft velocity
to the fhot; whence AD being to AB, as 1 to
2,71828, as appears by the table of logarithms,

. from the length of the line AD, thus determined,
and the diameter of the bore, the quantity of pow-
der, contained in this charge, is eafily known.-

If, inftead of this charge, any other, filling the
cylinder to the height Al, be ufed, draw IH par-
allel to AC, and through the point H, to the fame
afymptotes AC and AB, defcrigg the hyperbola HK;
then the greateft velocity will be to the velocity
communicated by this charge Al in the fubdupli-
cate proportion of the retangle AE, to the fame
rectangle diminithed by the trilinear fpace HKE.
All this eafily follows from the principles laid down
in the 7th propofition of the ift chapter.

PR OP,
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- PROP. V. -~ - .
When a cannon-ball of 241b. weight, fired with
a full charge of powder, firfR iffues from the
piece, the refiflance of the air on its furface

amounts to more than twenty times its gra-
vity. '

OR we have thewn, in the fecond prapofition
of the prefent. chapter, that the refiftance of
the air on the furface of -a bullet of - of an inch
diameter, moving with a velocity of 1670 feet in
1”/, amounted to 10lb. Now we have feen, in
~ the Iaft propofition, that an iron bullet weighing
24 1b. iF fired with 16 1b. of powder, (which i
ufually efteemed its proper battering charge) acquires
a velocity of about 1650 feet in 1/, fcarcely differin
from the other; wherce, as the furface of this laé
bullet is more than fifty-four times greater than the
furface of a bullet of % of an inch in diameter, and
their velocities are nearly the fame, it follows, that
the refiftance on the farger bullet will amount to
more than 540 lb. which is near twenty-three times
its own weight. : ~

SCHOLIUM  °

We have obferved, in the introdu&ion, that the
theorifts, who have profeffedly written on the fub-
je& of gunnery, have generally agreed in fuppofing
the flight ‘of fhot and fhells to be nearly in the
curve of a parabola; and it is againft this hypo-
thefis that the two laft propofitions are particularly
aimed.

For the reafon, which has been given by thefe
authors, in fupport of their opinion, is the fuppofed

incon-
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inconfiderable refiftance of the air; fince, as it is
agreed on all fides, that the track of projectiles:
would be a parabola, it there was no refiftance; it
has from thence been too rafhly concluded, that the
interruption, which the ponderous bodies of fhells;
and bullets would receive from fo rare a medium as:
the air, would be fcarcely fenfible, and confequently
that their parabolic flight would be hereby {carcely
affefted. ~ - toL .
- -Now the prodigious refiftance of the air to a bullet.
of 24 Ib. weight, fuch as we have hére eftablifhed:
it, fufficiently confutes this reafoning; for how erro--
neous muft that hypothefis be, which negletts as
inconfiderable, a force, which amouats to more than:
twenty - timés the gravity of the moving body ?
However, we fhall not content ourfelves with having.
demonftrated the reality and quantity of. the air’s
refiftance, but we fhall proceed to a more particular
examination of the flight of bodies in that medium,
where we fhall evince, by many experiments, how:
greatly the track, defcribed by almoft . every pros
jectile, devidtes in every circumftance from what it
ought to be on the generally-received principless
But, firft, it is necefiary to affume a few particulars,’
the demonftrations of which may be found in almofb
every weiter on the common theory of falling bodies.
© Pof. 1. U the refiftance of the air be fo fmally
that the motion of a projeéted body be in the curve
of a parabola; then the axis of that parabola will
Be perpendicular to the horizon,-and confequently:
the part of the curve, in which the body . afcends,
_ will be equal and fimilar to that in which it des
. fcends. : - .
-Pof. 2. If the parabola, in which the body moves,.:
'be terminated on a horizontal plain; then the vertex
of the parabola will be equally diftant from its two
extremities.

e . . Popt.
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Poff. 3. Alfo the moving body will fall on that
horizontal plain in the fame angle and the fame
velocity, with which it was firft projected. _

Poft. 4. If a body be projetted in different angles,
but with the fame velocity ; then its greateft horizon-
tal range will be, when it is projected in an angle of
45° with the horizon.

Poft. 5. If the velocity, with which the body is
projeed, be known, then this greateft horizontal
range may be thus found: compute, according to
the common theory of gravity, what fpace the pro-
jeted body ought to fall through to acquire the
velocity, with which it is projected; then twice that
fpace will be the greateft horizontal range, or the
horizontal range, when the body is projected in an
angle of 45° with the horizon. -

Poft. 6. The horizontal ranges of a body, when
prolje&ed with the fame velocity, at different angles,
will be between themfelves, as the fines of twice the
angle, in which the line of projection is inclined to
the horizon.

Popt. 7. If a body be projected in the Tame angle
with the horizon, but with different velocities; the
borizontal ranges will be in the duplicate proportion
of thofe velocities.

. Thefe poftulates contain the principles, on which
the ‘motions of projectiles are computed by the
modern writers on the art of gunnery.

If any of thefe poftulates hold not true, when
applied to ‘the motion of a projeétile, then that
projectile deviates in its flight trom a parabolic
track; we fhall therefore effettually deftroy the com-
mon theory of projectiles, if we can fhew, that, in
general, none of thefe poftulates correfpand to the
obferved motions of thofe bodies.

PROP.
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PR OP VL
The track defcribed by the flight of fhot or

Shells is neither a parabola, nor nearly a
parabola, unlefs they are projected with fmall
velosities. -

OR we have determined in the fourth pro-
F pofition of the prefent chapter, that a mufket-
all 3 of an inch in diameter, fired with half its
weight of powder from’'a piece 45 inches long,
moves with a velocity of near 1700 feet in 1"
Now, if this ball flew in the curve of a para-
bola, its horizontal range at 45° would be found,
by the fifth poftulate, to be about 17 miles. Now -
all the prattical writers affure us, that this range
is really fhort of half a mile. Diego Ufano al-
figns to an arquebufe, 4 feet in length, and car-
rying a leaden ball of 1;o0z. weight (which is
very near our dimenfions) an horizontal range of
797 common paces, when it is elevated between
40 and 50 degrees, and charged with a quantity
of fine powder equal to the weight of the ball.
Merfennus too tells us, that he found the horizon-
tal range of an arquebufe at 45° to be les than
400 fathom, or 800 yards; whence, as either of
thefe ranges are fhort of half an Englifh mile, it
follows that a mufket-thot, when fired with a
reafonable charge of powder, at an elevation of
45°% flies not the ;% part of the diftance it ought
to do, if it moved in a parabola.

Nor is this great contrattion of the horizontal
range to be wondered at, when it is confidered,
“that the refiftance of this bullet, when it firft iffues
from the piece, amounts to 120 times its gravity,
as has been experimentally demonftrated in the
fecond propofition of the prefent chapter.

Vou. I, , K \ Again,
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Again, left it fhould be faid, that this aberra-
tion of the flight of a mufket-ball from the curve
of a parabola is no proof, but that beavier fhor,
whofe refiftance is much lefs in proportion to their
weight, may fufficiently coincide with the com-
‘mon hypothefis; our next inftance fhall be in an
iron bullet of 24 lb. weight, which is the heavieft
in common ufe for land fervice. Such a bullet,
fired from a piece of the cuftomary dimenfions,
with its greateft allotment of powder, has a velo-
city of 1650 feet in 1”, as we have determined in
the fourth propofition of the prefent chapter. Now
if the horizontal range of this fhot, at 45°, be
computed on the parabolic hypothefis by the fifth
poftulate, it will come out to be about 16 miles,
which is between five and fix times its real quan-
tity; for the practical writers all agree in making
it lefs than three miles: and St. Remy informs us
of fome experiments made by Mr. du Metz, in
which the range, at 45° of a piece ten feet in
length, carrying a ball of 24 lb. and charged
with 16 1b. of powder, was 2250 French fathom,
which is 222 fathom fhort of three miles; confe-
quently an iron bullet of 24 Ib. weight, when im-
pelled with its full allotment of powder, flies not,
at 45° to the fifth part of the diftance which it
ought to do, if it defcribed the curve of a para-
bola. ‘ :

But farther, it is not only, when projetiles are .
moved with thefe. very great velocites, that their:
flight fenfibly varies from the curve of a parabo-
la; the fame aberration often takes place in fuch,
as move flow enough to have their motion traced
out by the eye; for there are few projetiles, that
can be thus examined, which do not vifibly difagree
with the firft, fecond, and third poftulate, they
obvioufly defcending through a curve which 1is
fhorter and lefs inclined to the horizon than that
‘ . in
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{n which they afcended; alfo the higheft point of
their flight, or the vertex of the curve, is much
nearer . to the place, where they fall on the ground,
than to that from whence they were at firft dif-
charged. Thefe things cannot be 2 moment doubt-
ed of by one, who in a proper fituation views the
flight of ftones, arrows or fhells thrown to any con-
fiderable diftance.

I have found too by experience, that the fifth,
fixth and feventh poftulates are exceflively errone-
ous, when applied to the motions of bullets mov-
Jng with fmall velocities : a leaden bullet & of an
inch in diameter, difcharged with a velocity of
about 400 feet in 17, and in anangle of 19°: 5,
with the horizon, ranged on the horizontal plane,
no more than 448 yards; whereas its greateft ho-
rizontal range being found by the fifth poftulate,
to be at lealt 1700 yards, the range at 1g°: 5,
ought, by the fixth poftulate, to have been 1050
yards; whence, in this experiment, the range
was not 3 of what it muft have been, had the com-.
mon-received theory been true, '
~ Again, a ball was fired with the fame velocity
as in the laft experiment, but at an elevation of
9°: 45, its horizontal range was at a medium
830 yards.

Now this range, according to the fifth and fixth
poftulates, (if its original velocity be confidered)
fhould have been 566 yards. Butif it were to be
deduced from the laft experiment, by means of
the fixth poftulate, it fhould have been no more
than 241 yards; either of which numbers are ex-
tremely diftant from 330.

- Again, a ball being fired at an elevation of 82,
but with a velocity of 700 feet in 17, the hori-
2zontal range at a2 medium was 690 yards.

But computing this range from the original ve-

locity of the projeéted body, according to the fith
K2 and
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and fixth poftuiates, we fhall find, that if the theo-
ry, on which thofe poftulates are founded, could be
relied on, the range in the prefent inftance ought
to have been 1400 yards; whence it appears, that
the body flew not to half the diftance which, had
it moved in a parabola, it ought to have done.

- Again, aball being fired with the fame velocity
as in the laft, but at an elevation of 4°, its hori-
zontal range was 600 yards.

Now this range, if deduced from the laft ex-
periment by the fixth poftulate, fhould not have
been more than 350 yards; hence then is evinced
the falfity of that poftulate, and confequently of
the parabolic hypothefis, on which itis founded.

. Having thus proved, that the track defcribed
by the flight, even of the heavieft fhot, is neither
a parabola, nor approaching to a parabola, except
- when they are projected with very fmall velocities 3
"we fhall refer to a fecond part, a more diftin&
explication of the nature of the curve, which thefe
“bodies really trace out in their motion through the
air: but, asa fpecimen of the great complication
of that fubjeét, I fhall here infert an account of a
very extraordinary circumftance, which trequently
takes place therein, , :

As gravity alts perpendicularly to the horizon,
it is evident, that if no other power but gravity
defleted a projected body from its reétilinear
courfe, its motion would be conftantly performed
in a plane perperdicular to the hotizon, paffing
through the line of its original direction : but we
have tound, that the bedy in its motion often de-
viates from this plane, fometimes to the right-
band, and at other time, to the left ; and this in
an incurvated line, which is convex towards that
plane; fo that the motion of a bullet is frequently
in- a line, having a double curvature, it being
bent towards the horizon by the force of gravity,

. and
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and again bent out of its original direCtion to the
" right or left by the aftion of fome other farce:.
in:this cafe no part of the motion of the bullet is
performed in the fame plane, but its track will lie
in the furface of a kind of cylinder, whofe axis
is .perpendicular to the horizon. The truth of
this aflertion we fhall evince by indifputable ex-
periments. ‘ ,

PROP. VIL

Bullets in their flight are not only deprefed
- heneath their original direction by the aition
of grauvity, but are alfe frequently drivem

- 80 the right or left of ihat direllion by the
aktion of fome other force.

" 'F it was true, that bullets varied their direlion
“by the aftion of gravity only, then it ought
to-happen, that the errors, in their flight to the
right or left of the mark they were aimed at,
thould increafe in the proportion of the ditance
of the mark from the -piecé only : but this is con-
trary to all experience; the fame piece, which will
carry its bullet within an inch of the.intended
mark, at 10 yards diftance, cannot be relied on
to 10 inches in 100 yards, much lefs to 30 imches
in 300 yards.- This increafe of the uncertainty
of the ﬂ)-:ot in great diftances, more than in the
pfoportion: of thofe diftances, muft have been ob-
ferved by all, who have been at any time converfant
with the practical part of artitlery. Now this in-
equality can only -arife from the track of the bul-
let being incurvated fideways as well as down+
wards; for by this means the diftance between
that incurvated ‘line, and the line of direction,
- will increafe in a -much greater ratio than that of
the diftance; thefe lines being coincident at the
' K3 . mouth
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mouth of the piece, and afterwards feparating in
the manner of a curve and its tangent, if the
mouth of the piece be confidered as the point of
contact. ‘

But that thofe, who have not been themfelves ac-
cuftomed to thefe matters, may entertain no doubt
about what we here affert; I fhail recite fome ex-
periments, I have made, which will put.the mat-
ter out of all queftion.

I took a barrel carrying a ball of  of an inch
diameter, and fixing it on a heavy carriage, I fa-
tisied myfelf of the fteadinefs and truth of its
dire&tion, by firing at a board 17 foot fquare,
which was placed at 180 feet diftance; for I
found, thatin 16 fucceflive fhot I mifled the board
but once. Now the fame barrel being fixed on the
fame carriage, and fired with a fmaller quantity
of powder, fo' that the fhock on the difcharge
would be much lefs, and confequently the direc-
tion lefs changed, I foynd, that at 760 yards dif-
tance, the ball. flew fometimes 100 yards to the
right of the line it was ‘pointed on, and at other
times 100 yards to the left. I found too,. that.
its direction in the perpendicular line was not lefs
uncertain, it falling one time above 200 yards
fhort of what it did at another; although, by the
niceft examination of the piece after the difcharge, it
appeared not ta have the Jeaft ftarted from the po-
fition it was placed in, . :

This then fufficiently confirms the propofition,
fince it was impoffible the bullet could gave flown
in the manner here defcribed, had not the line of
its flight been bent round to the right or left a8
well as dawnwards.

SCHOLIUM.
The reality of this doubly-incurvated track be-
ing thus demonftrated, it may perhaps be afked,
-3 what
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what can be the caufe of a motion fo differents
from what has been hitherto fuppofed ? And to
this I anfwer, that the deflettion in queftion muft
be owing to fome power acting obliquely to the
grogrcﬁivc motion of the body, which power can

e no other than the refiftance of the air. If it
be farther afked, how the aéion of the refiftance
of the air can at any time be in a line oblique
- to the progreflive motion of the body ? I farther
reply, that it may fometimes arife perhaps from in-
equalities in the refifted furface, but that its general
caufe is doubtlefs a whirling motion acquired by
the bullet about its axis; for by this motion of
rotation, combined with the progreffive motion,
each part of the bullet’s furface will ftrike the air
in a dire&ion very'different from what it would do,
if there was no fuch whirl ; and the obliquity of
the action of the air arifing from this caufe will
be greater, according as the rotatory motion of the
bullet is greater in proportion to its progreflive
motion. ,

I have now finithed all that I propofed to deter-
mine in this place, relating. to the force of pow-
der and the refiftance of the air: but a: the know=
ledge of the refiftance of folids to the v 7o n
of fhot is of yrzat importance in tie proiinoa]
i)art of gunnery. effsecially in battering in breach;

fhall end the prefent treatife with a propofition
relating thereto, which is as follows.

Kg . PROP.
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PR OP. VIIL

If bullets of the fame diameter and denfity im-
pinge on the fame [ilid fubftance with different
velocities, they will penetrate that Jubflance
to different depths, which will be” in the
duplicate ratio of thofe velocities nearly. And
the refiflance of folid fubfances to the pene-

tration of bullets 1s uniform.

"FYHE firlt part of this propofition I have
: found to be true in a great number of in-
ftances ; for when a leaden bullet” 2 of an inch in
diameter, ' was fired againft a folid block of elm,
with a velocity of about r700' feet in 1%, I found,
that in. a great member of trials it had penetrated
from 41 to 54 inches deep. When a bulet of the
fame fize was fired againft the fame block, with
a vclpcity{of about 730 feer in 1%, its outer fpr-
face was' always near X of an inch within the fur-
face of ‘the wood, fo that its penetration was ar a
mediumm. about 1 inch ;. or, if" the cavity be con-
fidered, and reduced to’ a" cylinder, about 7 of an
inch, and ‘with a velocity of 400 'feet in 17, the
bullet penetrated the fame block ‘ufually to about
half its fubftance, which, ' reduced to a cylindric
cavity is §: of an-inchin depth. o

Now 55, 10, 3, are ‘nearly in the duplicate pro-
portion of thefe velocities ; whence, if the pene-
tration to the greateft velocity be {fuppofed 5 inches,
the penetration of the others ought by the propofition
to'bs 1% and % of 'an inch refpetively ; and thefe
numbers fcarcely differ from + and %, which are what
we bave found in our experiments ; a greater co-
incidence than this cannot be expected, when the
unequal texture of the fame piece of wood, and

the
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the change of the form of the bullet by the firoke,
are confidered.

Now, from the penetration being in the dupli-
cate proportion of the velocity of.the impinging -
body, the uniform refiftance of the wood is eafily
evinced on the fame principles, that the uniform
altion of gravity is demonftrated from its com-
municating to falling bodies velocities in the du-
Pplicate proportion of the fpaces they defcend through,
or from the rifing of bodies when projected up-
wards, to heights which are in the duplicate pro-

portion of the velocities, with which they begin to
afcend. '
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An account of a book intituled, New.

- Principles of Gunnery, containing
the determination of - the force of
gunpowder; and an inveftigation of
the refifting power of the air to fwift
and flow motions; as far as the fame.
relates to the force of gunpowder.
Read before’ the Royal Society,
April 14and 21, 1743. and printed
in the Philofophical Tranfactions,
No. 46q. '

H IS treatife contains two chapters.

The firft ‘treats of the force of gun-

powder, and the velocities communi-

cated to bullets by its explofion: the

fecond confiders the refiftance of the

air to bullets and fhells moving with great velociries;

and endeavours to evince, that this refiftance is

much beyond, what it is generally efteemed to be;

and confequently, that the track defcribed by the

flight of thefe projectiles, is very different, from what

is ufually fuppofed by the modern writets on this
fubjeét. ‘ ‘ '

The principal points endeavoured to be eftablithed

in the firft chapter are thefe, ¢ That the forcg %f .
. A <« fire
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¢ fired gunpowder is no more than the ation of a
¢ permanent elaftic fluid, which is produced by the
¢ explofion; that this fluid obferves the fame laws
.¢ with common air in their exertion of its preflure
s or elafticity;”” and confequently, ¢ That the velo-
¢¢ cities, communicated to bullets by the explofion,
¢ may be cafily computed from the commeon rules,
€ which are eftablithed for the determination of the
< air’s elafticity.” '

The two firft propofitions contain the proofs, that
a permanent clagic fluid is conftantly generated in
the explofion of gunpowder; this is evinced by well-
known experiments daily repeated, and acquiefced
in by all, who have frequented the ufual courfes of
eéxperimental philofophy, of which thefe experiments
generally make a part; fo that the author grcfumcs,
he may confider this point as inconteftably eftablithed,
at lca({ he has never yet met with any, who have
queftioned it. |

The third propofition is, that the elafticity of this-
fluid produced by the firing of gunpowder, is, ce-
- teris paribus, direCtly as its denfity; and the experi-
ment, by which this was confirmed, was letting fall
feparately two quantities of powder, the one double
the other, on a red-hot iron included in an exhaufted
receiver; and it appeared by the defcent of the
mercury, that the elafticity of the fluid produced
from the double quantity of powder, was nearly
double the elafticity of that produced from the fingle
] juantity; that is, the elafticity was nearly as the

enfity of the fluid.

But it may perhaps be thought, that a fingle
experiment is too flender a foundation, on which to
build fo material a principle; fince all fubfequent
reafonings on the force of powder in fome meafure
depend on it. In reply to this it may be faid, that
the author recited this {ingle experiment on account

of the great quantity of powder made ufe of in it,
which
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‘which was three fixteenths of an ounce; but thag
be had really made many more equally conclufive,-
which he thought it unneceffary to mention. How-
ever, thofe, who doubt of this propofition, may
fatisfy themfelves herein by fome experiments made
by the late Mr. Haukfbee before this SocieTy,
though with a different view; where, by the firing
of twenty-fix quantities of powder fucceflively, the.
mercurial gage was funk from twenty-nine inches
and a half, to twelve three fourths; for by com-
paring thefe experiments together, and making the
neceflary allowances, it will be found, that the ela-
fticity was nearly proportional to the denfity in all -
that variety of denfities.

In this propofition, the analogy between the fluid
produced by the explofion of powder and common
air, is eftablithed thus far, that they exert equal ela-
flicities in like circumftances; for this variation of
the elatticity, in proportion to the denfity, is a well-
known property of common air. But other authors,
who, fince the time of Mr. Boyle, have examined
the faltitious elaftic fluids produced by burning,
diftillation, &¢. have carried this analogy much far-
ther, and have fuppofed thefe fluids to be real air,
endued with all the properties of that we breathe;
‘particularly the reverend Dr. Hales, who has purfued
this examination with the greateft exactnefs," in a
feries of the beft contrived procefles, conftantly af-
fixes the denomination of air to thefe factitious fluids;
he having found, that their weight is the fame with
that of common air, and that they dilate with heat,
and contra&t with cold; and that they vary their
denfities under different degrees of impreffion in the
fame proportion with common air; and from hence,
and other circumftances of agreement between them,
he fuppofes them to be of the fame nature: with air,
and conceives them to be fitly defigned by the fame
name. :

Bue
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But fo perfect a congruity between thefe fattitious

fluids and air is not neceffary for the purpofes of this
treatife. The fundamental pofitions of this firft
chapter fuppofing no more, than that the elafticity
of the Huic‘) prodiiced in the explofion of gunpowder
is always, ceteris paribus, as its denfity; and that
the force of fired gunpowder is oaly the a&ion of
thdt fluid modified according to this law. It has
been already mentioned, on what grounds the firft
of thefe principles hath been afferted, as contained
in the third propofition; ard it remains to explain
the reafons urged for the fupport of the laft in the
eight fucceeding propofitions.
" The law of the aétion of this fluid being deter-
mined, two methods offer themfelves for invefti-
gating the abfolute force of powder on the bodies,
it impels before it. The firft by examining the
quantity of this fluid produced by a given quantity
of powder, and. thence finding its elafticity at the
inftant of the explofion; the other by determining
the actual velocities communicated to bullets by
known charges, acting through barrels of different
dimenfions. The ﬁrl% is the moft eafy and obvious,
but the fecond the moft accurate method; and there-
fore the author has feparately purfued each, and he
Has found, that their concurrence has greatly ex-
ceeded his expetation, and thereby both of them
receive an additional confirmation.

The quantity of the elaftic fluid, produced by the
firing of a given quantity of powder, is determined
by firing it in an exhaufted receiver, and obferving

‘how much the mercurial gage fubfides thereby,
making a proper allowance for the increafe of its
elafticity from the heat of the included hot iron.
But then, as the fubfiding of the mercury is not
meafured till the flame of the powder is extinguithed,
and the flame is reduced fomewhat near the tem-

perature of the external air; it is evident, that the
: elafticity’
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“elafticity thus eftimated is much fhort of whart it
really was in the-inftant of explofion; and therefore,
to obtain that elafticity, which is the force fought,
it is neceffary to make fome eftimate of the increafe
of the elafticity of the fluid by the fire and flame
of the explofion. For this purpofe it is examined in
the fifth propofition, how much the elafticity of
common airis increafed by a degree of heat equal
to that of iron beginning to grow white hot; and it
is found, at a- medium, to be thereby augmented
fomething more than four times; whence, as the
fluid, produced by any quantity of gunpowder takes
up, when comprefled by the weight of the incum-
bent atmofphere, a fpace fomething lefs than 250
times the bulk of the powder; it follows, that if its
elafticity, in the inftant of explofion, be fuppofed to
be increafed in the fame proportion with- that of the
air laft mentioned, it becomes by this means about
1000 times greater than the preflure of the atmo-
flphcre; that is, conceiving it to be contained in that
pace only which the powder occupied, before it was
fired. '

Thofe, who have not been converfant in thefa
experiments, may pofiibly fuppofe, that the elafticity
of the powder at the inftant of explofion may be
immediately known by the firft fudden defcent of the
mercury: but many circumftances concur to render -
this method impracticable; amongft the reft, it muft
be remembered, that fome air is conftantly left in
the receiver, which is heated by the blaft, and unites
its effe@s, in the firft inftant, with the a@ion of the
powder: befides, the firft defcent may be varied, by
varying the tube, although all things elfe remain
unchanged. - ‘

By the method hitherto defcribed, it is colleéted,
that the elafticity of the fluid produced from fired
gunpowder, when contained in the fpace, which
was taken up by the powder before the explofion,

Vou. L. L is!

t
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is about 1000 times greater than the elafticity of
common air, or, which is the fame thing, 1000
times greater than the preflure of the atmofphere.

But, befides the determination of the quantity ef
fluid, produced from a given quantity of powder,
(the method on which this deduétion is founded)
there is another method of difcovering the fame
thing, which, though lefs obvious, is yet (as hath
been already obferved) meore accurate: that is, by
examining the atual velocities communicated to
bullets by the explofion of given charges in given
cylinders; and this is the fubje& of the 7¢h, 8th,
and gth propofitions. -

And firft, it is evident, that this examination can-
not take place, unlefs 2 method of difcovering the
velocities of bullets be previoufly éftablifhed. Now
the only known means of effedting this was, either
by obferving the time of the flight of bullets through
a given fpace; or by finding their ranges when they
were projefted at a given angle, and thence com-
puting their velocity on the hypothefis of their para-

- bolic motion. The firft of thefe metheds was often
impracticable, and in all great velocities extremely
#naccurate, both on account of the fhortnefs of the
time of their flight, and the refiftanec of the ain
The fecond is ftill mose exceptionable; fince, by
reafon of the air’s refiftance, the velocities shus
found may be lefs in any ratis giveg, than the real
velocity fought. Now, to awoid thefe difficulties
the author bas invented a method of determining
the velocities of bullets, which may be carried to
any required degree of exaéinefs, aand is no ways
liable to the forementioned exceptions; for, by this
invention, the velocity of the bullet is found in any
puint of its track, independent.of the velocity it had
before it arrived at that point, or of the velocity it
would have, after it had pafied it: fo.that not only
the original velocity, with which if iffpes. from the

. . -piece,
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plece, is hence known, but alfo its velocity, after
it has pafled to any given diftance ; and therefore
the variations of its velocity from the refitance of
the air may be alfé afcertained with great faciltty,
The machine for-this purpofe is-deferibed 'in the §th -
propofition, and the' prineiple, it is founded on, is
this fimple axiom of mechanicsy That if @ body in
mation firikes on another at reft, and they are net [epa-
raied after the firoke, bat move on with one comm:n
motiony then tbat common motion is equal to the motion,
with which the firg body moved Ze,fare_tbe Sfroke:
whence, if that common meotion and the mafles of
the two bodies-are known; the motion "of the firft
body before the ftroke is thence determined. © On
this principle then it follows, that the velocity of a
bullet may be diminithed in any given rasio, by its
being made to impinge on a body of a weighrt pro-
ferly proportioned to it; and hereby the moft vio-
ent moutons, which would otherwife efcape our
examination, are eafily determined by thefe retarded
motions, which have a given relation to them.
Hence then, if a heavy body greatly exceeding the
weight of the buller, whofe velocity is wanted, be
fafpended, fo that it may vibrate freely on an axis in
the manner of a pendulum, and the bullet impinges
on it, when it is at reft; the velocity of the pendu-
um after the ftroke wjll be eafily known by the
extent of its vibration; and from thence, and the
known relation of the weight of the bullet and the
pendulum, and the pofition of the axis of ofcillation,
the velocity, with which the bullet is impinged,
will be determined, as is largely explained in the
8th propofition. Where note, that there'is a' patar
graph by miftake omitted in that propofition, which
fhould increafe the velocity there found in the dupli-
cate proportion of the diftances of the points of of-
cillation and percuffion from the axis of fufpenfion;
but this only affeéts- thai particular: number, for it
: . 2 was
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was remembered in the computations of the fuc-
cecdidng experiments, the numbers of which are truly
ftated. : -

It being explained how the velocities of bullets
may be difcovered by experiment: the next confi-
deration is, from thofe velocities to determine the
force, which produced them.

And the author thought, the beft method of effe@®-
ing this was by computing, what velocities would
arife from the altion of fired powder, fuppofing its
force to be rightly affumed by the procefs in the
- preceding part; that is, fuppofing the elafticity of
the fluid thence arifing to be at firft 1000 times
greater than that of common air; for then, by com-
paring the refult of thefe computations with a great
‘number of different experiments, it would appear,
whether that force was rightly afligned ;- and it nor,
in what degree it was to be corrected. :

Preparatory to this computation, the author
affumes, in his 7th propofition, thefe two principles:

1/}, That the action of the powder on the bullet
ceales, as foon as the bullet is got out of the piece.

2dly, That all the powder of the charge is fired,
and converted into an elaftic fluid, before the bullet
is fenfibly moved from its place. : :

And in the annexed fcholium he has given the
arguments and experiments, which induced him to
sely on thefe poftulates; all which is neceflary at
prefent to difcufs more at large.

If the force of gunpowder was fuppofed capable.
of being determined with the fame accuracy and
rigour, which takes place in fubjes purely geome-
trical; the firft of thefe poftulates would be doubt-
lefs erroneous, fince it cannot be queftioned but the
flame afts in fome degree on the bullet after it is out
of the piece. .

But it is well known, that in experimental fub-
je€ks no fuch precifenefs is attainalt)jc; for -thofe
Co . " verfed
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werfed in experiments perpetually find, that either
the unavoidable irregularities of their materials, or
the variation of fome unobferved circumftance, occa-
fion very difcernible differences in the event of fimilar
trials. Thus the experiments made ufe of for con-
firming the laws of the collifion of bodies, have never
been found abfolutely to coincide either with the
theory, or with each other. The fame is true of the
experiments on the running and fpouting of water
and other fluids, and of the experiments made by
Sir Ifaac Newton, for the confirmation of his theory
of refiftances; in which, though they often differ
from each other, and from that theory by one-twen- ~
tieth, one tenth, and even fometimes one-fifth part;
yet thofe fmall inequalities have never been urged
as invalidating his conclufions, fince, in experiments
of that nature, -it was rather to be wondered at, that
the difference between the different trials was fc
fmall. : -
- And if fome minute irregularities are the neceflary
concomitants of all complicated experiments, it may
be well fuppofed, that the acion of fo furious a
power as that of fired gunpowder, which vifibly
agitates and diforders all parts of the apparatus made
ufe of, cannot but be attended with fenfible varia-
tions; and it in fa&t appears, that in the table of
experiments inferted in the gth propofition, the ve-
kocities of bullets fired from the fame piece, charged
with the fame powder, and all circumftances as near
as poffible the fame, do yet differ from each other
by one-fiftieth, one-fortieth, and fometimes more
than one-thirtieth of the whole; and yet the author
does not conceive, that thefe fmall differences are
any exception to the conclufivenefs of his principles;
but, he prefumes, thac had he pretended, without
difclofing his method, to have computed the force
of powder, and the velocities of bullets, in different
circumflances, to a much lefs degree of accuracy
; L3 - than
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than this, he fhould have been cenfured, as boafting
of what would have been thought impra&icable.

If then the action of the flame on the bullet, after
it is out of the piece, is fo fmall as to produce no
greater an effe@, than what may be deftroyed by the
inevitable variations of the experiments, the neglet-
ing it intirely, and fuppofing no fuch force to take
place, is both a convenient and a reafonable pro-
cedure: for indeed, without the affumption of poftu-
lates of this kind, it were impoffible 1o have pro-
ceeded one ftep in natural philofophy; fince no
mechanic problem hath been ever folved, in which
every real incquality of the maving force hath been
confidered. S

Now what induced the author to fuppofe, that
this poftulate. (though not rigoroufly true; might be
fately affumed, was the conlfideration of the fpread.
ing of the flame by its own elafticity, as foon as it
efcapes from the mouth of the piece: for by this
means he conceived, that the part of it, which im-
pinged on the bullet, might be fafely negletted,
although the impulfe of the intire flame was a vesy
remarkable force.

With regard to the fecond poftulate, ¢ That all
¢ the powder is fired before the bullet is fenfibly
¢ moved from its places” it is incumbent on the
author to be ftill more explicit, as this SocieTy
did fome time fince appoint a committee for exa-
mining this very pofition, wha, after making a great
number of experiments, have determined, * Thag
all tke powder is nat fired, before the bullet is [enfibly
moved from its placey and they have, at the fame
time, afiigned the quantities rermaining unfired under
different circumftances.

Thefe determinations of the committee are moft
wue; but the author muft obferve, that from the

¥ See thefe Tranfaiions, No, 465. p. 172, Ce.
experiments
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experiments recited by them, and the quantity of
unfired powder, which they collected, it may be con-
cluded, that in a barrel of 2 cuftomary length;
charged with the ufual quantity of powder, the de-
ficiency of velocity occafioned by the powder remain-
ing ‘unfired will be fcarcely fenfible; and in the
fHorteft barrel ever ufed by the author, where the
fpace, the bullet was impelled through, was not five
inches, and where of courfe this deficiency of velo-
city ought to be the greateft, it cannot amount to
one-thirtieth part of the whole; and confequently
this poftulate, though not rigoroufly true, may yet
be fafely affumed, in the inveftigating the effects of
powder. But before this is more particularly exa-
mined ; it is néceffary to explain the opinions, which

have formerly taken place on this fubject. ‘
Thofe who have hitherto wrote on the manner, in
which powder takes fire, have fuppofed it to be doné
by regular degrccs-, the firft grains firing thofe
contiguous, and they the next fucceffively ; and it
" has been generally thought, thata confiderable timé
was employed in thefe various communications:
for Mr. Daniel Bernoulli, in his excellent Hydrc-
dynamica, has concluded from fome experiments’
made at Peterfburgh, that the greateft part of the
charge efcapes out of the piece unfired, and that the
fmall part, which is fired, does not take fire till it
is near the mouth. Many theories too have been
compofed on the time of the ﬂProgrefs of the firé
amongft the grains, and the different modifications,
which the force of powder did thence receive ; and
it has been generally conceived, that thé proper
lengths of pieces were determinable trom this prin-
ciple; *¢ That they fhould be long enough to give

« time for all the powder to fire.” 2
But the author being fatisfied, that no fuch regular
and progreflive fteps could be obferved in the ex-
plofion; and having fourd, that by lodding with a
, L4 greater
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greater weight of bullet, and thereby almoft doubling
the time of the continuance of the powder in the
barrel, its force received but an inconfiderable aug-
mentation ; and finding too, that doubling or trebling
the ufual charge, the powder thus added always
produced a correfpondent effe¢t in the velocity of
‘the bullet ; and difcovering likewife in a piece near
four feet in length, charged with a ufual charge’
of powder, that the velocity communicated to the
bullet, during the firft three inches of its motion,
was full half the velocity, which it acquired in its
whole paffage through the barrel, and that the elafti-
city or force of the powder, in the firft three inches
of its expanfion, was, at a medium, near eight
times greater thanin the laft two feet of the bar-
rel ; he concluded from all thefe circumftances, that
the time employed by the powder in taking fire
was not peceffary to be attended to in thefe com- .
putations ; but that the whole mafs might be fup-
. pofed to be kindled, before the bullet was fenfibly
moved from its place, | ‘ .
And the experiments reported by the committee
are the ftrongeft proofs, (as far as they. extend) that
powder is not fired in the progreflive manner ufually
fuppofed; for when the fhort barrel was‘charged
with 12 dwt. and with 6 dwt. refpectively, the
quantity of powder which was collected unfired from
12 dwt. did not éxceed by 3 grains, at a medium,
what was colleted from 6 dwt. although the bullet
- -was a lefs time in paffing through the barrel with
12 dwt. than with 6 dwt. it having a lefs way to
move; confequently the quantity remaining unfired
of the 6 dwt. did not continue unfired for want of
time, fince, when the piece was charged with 12
dwt. the additional 6 dwt. was confumed in a fhorter
time. SN
And again, when the barrel was fo fhortened, that
the bullet, being placed clofe to the wad, lay with .
iy
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its outer furface nearly level with the mouth of  the
piece, fo that it had not more than half an inchto.
move before the flame would have liberty to expand.
itfelf; yet, even in this fhort tranfit of the bullet,
only 2 dwt. 1 gr. was colleted unfired, at a me-
dium ; which is about } of the whole charge, or, ‘if-
properly reduced, not more than 4 of the charge:
an obvious confutation of the gradual firing of the
the powder in its paffage through the barrel, and an

. eafy proof, how {mall an error will be occafioned
by fuppofing the whole charge to fire inftantaneoutly 5
fince the error in the velocity of the bullet, arifing’
from a deficiency of 5 of the charge, is % of that
velocity. only. ~

I fay, that the % of the charge, which remained
unfired, amounts to no more than -5 when it is
reduced, as it ought. This reduction is founded on
the other experiments reported by the committee,
and on the circumftances of thofe trials, on which
the author founded the prefent, poftulate. The au-
thor has fuppofed the powder, on which he reafons

“in thi$ treatife, to be of the fame fort with that
made for the fervice of the government, a parcel:
of which he was favoured- with by Mr. #altan. But
this he chiefly kept for a ftandard, and generally ufed
other powders, which, on examination, he found to
be of equal force. Thefe powders were of a very
fmall' and even grain, and the committee have
found, that by fifting the government powder, and
making ufe of the. fmaller grains; the quantity re-
maining unfired was lefs, at a medium, in the ratio
of 5 to 3, than when it was ufed without fifting.

And again, it was found by extratting the falt-
petre from the powder colletted unfired, that there
was lefs faltpetre contained in it than in real powder,
and this nearly in the ratio of g to 7: thefe two pro-
portions compounded make the proportion of 15 to
7» and in this proportion muft the quantities of po&vv- .
cr
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der collefied m:ﬁn:cdf be redncgd, in order to deter.:
mine the quantities of real ef remaining unfired,
in ﬁmilarqcuxpctixnems macﬁzogy.thc author.g :
.And from hence it follows, that in the experi-
ments made with a barrel 5 inches in length, where
the ball had not 3 inches to move, and where the
irregularity arifing from the powder unfired ought
to have been the moft fenfible; the quantity of real
powder colleéted unfired from a charge of 12 dwt.
would have been no more than 16 grains at a me-
dium, or ,% of the whole charge: and it being
found by expetiment, that the velocities of bullets
placed in the fame fituacion vaty in the fubduplicate
" proportion of the charges, the deficiency of velocity
arifing from the lofs of the % of the charge, would
be about % of the whole velocity only, which, in’
- the prefent cafe, is not % of an inch in the chord
of the arch defcribed by the pendulum meafuring
the velocity, and is a lefs difference; than what fre-
quently occurs in the exaéteft repetition of the fame
experiments. ' ‘
Other circumftances occur, which reduce the in-
equality arifing from the unfired powder ftill lower;
but it is thought, that this is fully fufficient to juftify
the poftulate in queftion, efpecially as, in all cafes
of real ufe, the length of the barrel in proportion:
to the quantity of the charge will be much greater
than in the prefent inftance: whence the author
prefumes, that, in computing the velocities com-
municated to bullets by the altion of powder, it
may be fafely fuppofed, that the whole charge is
fired before the bullet is fenfibly moved from its
place; at leaft there is no foundation, from the ex-
periments made on this fubjet by the committee, to
fufpeét, that when fmall grained powder is made ufe
of, any greater irregularity will arife from the appli-
cation of this fuppofition, than what would otherwife
take place from the intervention of unavoidable acc;-
dents. t
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" It has been thought neceffary to difcufs more at
large thefe two poftulates; becaufe the laft of them
being almoft in the very words of one of the-queftions
ropofed to be examined by the committee of this
gocmrv, and having by them been determined in
the negative, .thofe who have not attended to this
fubje&t might fuppofe, that thereby the author’s prin-
ciples were intirely overturned: now this would be a
great injuftice to him, fince he has not relied on this
poftuldte as rigoroufly true; for he knew, and has
himfelf taken notice in'the prefent propofition, that
fome of the powder efcapes unfired; and he has there
made fome conjectures on the caufe of it: but, with-
out infifting on the reality of thofe conjectures, he
adds, that, ¢ Be that as it may, the truth of our
+¢ polfition canpot in general be queftioned.” .
And though it appears, from what has been already
faid, that the experiments recited by the committee
rather confirm than invalidate the general fenfe of
“that poftulate; yetit is but juftice to own, that they
are a full confutation of the conjeQures of the autho?
" in relation to the caufe, why fome part of the pow-
der comes out unfired; for the author has fuppofed,
after Diego Ufano, that the part, which thus efcaped,
was fcattered in the barrel, and not rammed up with
the reft, or elfe that it was of a lefs inflammable
compolirion : but the experiments made on this oc-
cafion intirgly deftroy this fuppofition. i
~ As this, or any other conjeture on the caufe of
this accident, (tor it plainly appears not to be for
want of time only) has nothing to do with the gene-
ral reafoning of the prefent treatife, it is not neceflary
to enter into it in this place; but it may not be im-
proper to mention, that, on computing the quanti-
ties of powder collefted from different charges, one
of the committee was led to conjeture, thar, what
was thus collected, was only parts of grains, that had
been fired; but were extinguithed by the blaft, be%)re
o : t ey
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they. wete entirely confumed. This conjeture is
ftrengthened by the extreme minutenefs of the parti-
cles of all the powder, which was colle¢ted, and .
from the deficiency of the faltpetre found in it on
examination: it mdy be added too, that the author,
by gradually heating a parcel of powder, hath fet it
on fire, and blown it out again, for at leaft a dozen
times fucceflively; and he will undertake to repeat
the experiment at any time, if it thould be doubted

of. : :

The poftulates, hitherto difcuffed, are preparatory
to the 7th propofition. That propofition is em-~
ployed in computing the velocity, which would be
communicated to a bullet in a given piece by a given
charge of powder, on the principles hitherto laid

_down; that is, fuppofing the.elafticity of fired pow-
der to be at firft 1000 times greater than that of com-
mon air. , .

In the gth propofition thefe computations are com-
pared with a great number of experiments, made in
barrels of various lengths, from feven inches to forty-
five inches, and with different quantities of powder,
from 6 dwt. to 363 and the coincidence between the
theory and thefe experiments is very fingular, and
fuch as occurs in but few philofophical fubjetts of fa
complicated a nature, ' -

By this agreement between the theory and the
experiments, each part of the theory is feparately
confirmed; for by firing different quantities of pow-
der in the fame piece, and in the fame cavity, it ap-
pears, that the velocities of the bullet, thence arifing,
are extremely near the fubduplicate proportion of
thofe quantities of powder, and this independent of
the length of the piece: whence it is confirmed, that
the elafticity of fired powder in various circumftances,
is nearly as its denfity; and this does not only fuc-
ceed in’ fmall quantities of powder, and in fmall
pieces, but in the largeft likewife, under proper re-

. ‘ frictions;
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ftri®ions; at leaft there are experiments, which could
not be influenced by this theory, where the quantities
of powder were above 100 times greater, than what
are ufed by this author; and in thefe trials this cir~

cumftance takes place to fufficient exaltnefs. % - -
: It is prefumed then, that by this theory a near'efti-
mate may be always made of the velocities comimuy-
nicated to thells or bullets by given charges of pow-
der; at leaft thefe experiments evince, how'truly the
velocities of fmall bullets are hereby afligned; and
the author can fhew by the experiments of others,
that in a fhell of thirteen inches diameter, impelled
by a full charge of powder, the fame'principle nearly
holds: it is true indeed, that when the charge s
much fmaller than the ufual alotment of powder,
there are fome irregularities, which are particularl
mentioned at the end of the gth propofition, to Whi'ci
head too, perhaps, muft be referred the experiments
smade by the committee on the effect of different fmall
chambers; but in the cuftomary charges, the velon
cities of bullets refulting from all the experiments
hitherto made, are really tuch, as the theory laid down -
in the preceding part of this treatife requires. And
it appeats, that thefe velocities are much greater, than
-what they have been hitherto accounted: And there
are reafons from the theory to believe, that in cane
‘non-fhot the velocities may ftill exceed the prefent
computation. :

The afcertaining the force of powder, and thence
the velocities of bullets impelled by its explofion,
and the affigning a method of truly determining their
actual velocities from experiments, are points, from
whence every neceffary principle in the formation or
management of artillery may be eafily deduced :
confidering, therefore, the infinite import of a well-
ordered artillery to every ftate, the author flatters
himfelf, that whatever judgment may be formed of
his fuccefs in thefe inquiries, he will not be denied
N ¢ ~ the
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the merit of having employed his thoughts and in-
duftry on a fubje, which, though of a moft fcien-
tific nature, and of the greateft confequence to the
public, hath been hitherto almoft totally negletted;
or, at leaft, fo fuperficially confidered, as to be left
in a. much more imperfett flate than many other
philofophical refearches. - -
With regard te the fecond chapter of this treatife,
relating to the refiftance of the air, the author has in
his pretace mentioned his intention of aanexing to it
a feries of experiments, on the real track of bullets,
as modulated by that refiftance: And therefore, as
he propofes to complete thofe experiments this fume-,
mer, unlefs unforefeen accidemss prevent him; he
chufes to poftpone any account of the fubjedt of the
fecond chapter till that time; when he intends to lay
the refult of thofe experiments before this Socizry,
in order that any exceptions or difficulties relating to
them, may be examined and difcuffed, before they are
publifhed to the world. ‘ ]

s ;{ctording to what Mr. Robins bas fsid aboﬁo,
ke compofed the five following tralls, wbich are mew
St printed from bis manufcript. :

» NO- I.
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‘REsisTance of the Arr.

BeYPR H AT all bodies moving through: the
6@ .air have their motions in fome degree
¥ impeded by the refiftance of thas me-
L5I¥8) dium, is what, I prefume, no petfon
however flightly scquainted with philofophical en-
qQuiries will deny. . But that the quantity of this
retardation is fo great, as to render it neceffary to be
confidered in the determination of the ranges of all
kiods of military projetiles, hath been often and
vehemently denied. And this not fo much by prac-
titioners (whofe opinions, though ¢xtremely inaccu~
rate, have perhaps on this occafion been tao much
flighted) as by perfons well fkilled in mathemarical
learning, who have written profefiedly of the motions
'of projectiles, and whofe treatifes on this fubjett are
generally efteemed and affented to.  For, if it were -
neceflary, a large catalogue of geometess of nore
mvight be here produced, who have afferted in their
works, that, in the operation of gunnesy, the refift-
ance of the air was too minute to merit attenfion.
And | do not remember, that any author hgs fonlxlh
ally
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ally or exprefsl{ contradited this pofition; whatever:
may in general be concluded, from what fome of
them have at times advanced gs to the laws obferved
by refifted bodies. - Indeed (not to dwell longer on
this point) I may venture to affirm, that it is now
the almoft univerfal opinion of thofe, who have
ftudied the do&rine of projectiles-from the treatifes,
which have hitherto been publifhed thereon: ¢ That
<¢ “alt fhells and bullets in their flight do nearly de-
- ¢¢ {cribe the curve of a parabola; and confequently,
¢ that the refiftance of the air to the motion of thefe
¢ bodies is altogether inconfiderable.” '

The prejudices, then, of mahy perfons, whofe
reputations for knowledge weigh much with man-
kind, being thus contraditory to what 1 know to
be fa&, both from reiterated experiments of my
own, and from geometrical deductions founded on
+ the unqueftioned experiments of others; it is highly
neceflary to remove, in the moft unexceptionable
manner, thefe falfe pofitions, authorized by great
names, and confirmed by the prefcription of near'an
age. For, till this is done, all attempts to compleat
the theory and praétice of guanery muft neceffarily
be ineffectual : fince, as I am fully fatisfied, that the
refiftance of -the air is almoft the only fource of the
numerous difficulties, which have hitherto embar-
raffed that fcience; it is evident, that till the reality
and efficacy of this refiftance is once eftablithed, it
will be impofiible to procure a candid hearing to any
difcoveries, that may depend thereon, but, on the
contrary, every fpeculation of this kind will be treated
as ridiculous and chimerical. =

To fucceed then, in this neceflary preliminary, ¥
fhall advance the two following propofitions.

Firft, That the refiftance of the air to a twelve
pound iron bullet, moving with a velocity of 26
feet in a fecond, is not lefs than half an ounce avoir-

dupoize. :
. po Second,
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S¢cond, That this refiftance is nearly.in-the dupli-
cate proportion of the velocity of the refifted body;
that is, that it is four times as much, when the re-
fitted body moves with twice the velocity; nine times
as much,: when it moves with three times the velo-
city, and fo on. L
" Thefe propofitions may be deduced from the ex-.
periments recited in the 8th feftion of the 2d book
of Sir Ifaac Newton’s Principia. But to remove all
doubt about them, and to prevent all future ex-
ceptions 3 I do not chufe to rely upon any authority
whatever, but I propofe to repeat to this fociety
fome experiments of my own, which will .evince the
truth of them by obvious and ocular demonftrations..

Indeed, with refpet to the fecond of thefe pro-
pofitions, it is true, that in great changes of velocity
there is fome variation from the rule here laid downs
but this is a variation, that will on the whole increafe,
and not diminith the refiftance. And it is to be
remembered, that I am not now nicely afligning
the laws oblerved by this refiftance in the moft rigid
and accurate fenfe; but am endeavouring, from a
more lax and general idea of its efficacy, to evince
the neceflity of its being confidered in:the future
theory of projectiles. L

As I haye often repeated the experiments, which
I immedjately intended to produce to the- fociety in
Froot".uf thefe propofitions, I have no doubt of their

uccefs; I fhall therefore for an inftant fuppofe, that

they have fucceeded, and that the law of the air’s
refiftance and its efforts againft a 12 1b. thot, moving
with a velocity of 25 eet in a fecond, is thereby
determined to be, what I have above affigned ; and
from hence it will follow, that to a velocity of 100
feet in a fecond (that is 4 times 25) the refiftance of
the air to the fame fhot is not lefs than 16 half ounces,
or half a pound avoirdupoize, and, proceeding on,
we fhall find, thatto a velocity of 500 feet in a

Vor. L M : {econd
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fecond, it is not lefs than 121b. }; and to a velocity
.- of 1ooo feet in a fecond, not lefs than 50lb. and
to a velocity of 1700 feet in a fecond, not lefs than
1441b. 1: and this laft velocity of 1700 feet in a
- fecond not being very diftant from that, with which
a twelve pound fhot is difcharged from a cannon,
and the number 1441b. 1 being very near 12 times
12 it follows, that the refiftance of the air to a

121b. fhot, when fired with its ufual charge of

wder, is not lefs than 12 times its own weight.
ow that the ‘motion of this body can be rightly
affigned from the confideration of ‘it§ gravity and

\5

original velocity only, whilft a difturbing force, not
lefs than 12 times its gravity, is utterly neglected, is
a pofition fo obvioufly abfurd, that I flatter myfelf,

when the experiments, which I am now going to
repeat®, are attentively weighed, the reality and
efficacy of the air’s refiftance will be ho longer
doubted; nor the neceffity of confidering it in almoft
all the operations of gunnery, any longer contefted.
And thefe points being once eftablithed, T propofe,
in fome future papers, to recount the changes which
~ will hence arife in the motions of fhells and bullets.

Andl to exhibit a method of computation adapted to"

the real circumftances of projectiles refifted by the

air, which, though truly reprefenting’ the actual

motions of thefe bodies, is yet, in many inftances,
as eafy and as concife as-the erroneous. computations
founded on the parabolic hypothefis. ‘

* The experiments exhibited upon this occafion are hereafter
defcribed in the firft part of the third paper..

" N,
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' Togé;ﬂiér with the method of computing
. the motions of bodies projected in that

" medium.

RIS T have not yet heard, that any ob:
LIS\ jcctions have been made to the con-
™ clufivenefs of the experiments by which
]q g8 I endeavoured, at the laft meeting of
the fociety, to evince the extraordinary
effort of the air’s refiftance againft fhells and bullets
difcharged with their ufual celerities; I fhould hope;
thar,” what I' have afferted'on that head in my laft
fdp§r; may be allowed to be demonftrated: and that
‘may now proceed to the examination of the effects
of this refiftance; without being-accufed of cmm'ng
my {peculations on a power, that had no exiftence.
Aacr the experiments I have fhewn to this fociety,
it 'may, perhaps, appear ftrange, that the perfuafion
of the minutenefs of the air’s refiftance could fo long
take place,. when the. means of ' confutirg; this per-
fuafion lay fo near at hand; and were in.a greas
meafure to be deduced from the common laws of
refiftancé, long fince eftablithed. The moft natural
reafon, I can. think of, for this want of attention,
was the impofiibility of computing.the motions of
projectiles on the fugpo(]'ﬁon of a fenfible reﬂ(tanc;..
T 2 - Ie

.
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It is well known, that the motion of a bedy projected
in any angle with the horizon, and refifted in the
duplicate prolportion of its velocity, was not confi-
dered by Sir Ifaac Newton in his Principia. It is true,
Mr. obn Bernoulli did fome years fince determine,
how by the quadrature of certain curves this motion
might be affigned.  But thofe, who are acquainted
with his folution, well know, that thofe curves are
net redudible-to the common terms of quadratures;
and, confequently, that no computation can be
founded thereon; at leaft nothing, of that kind has
yet been publithed*. Now whilft the defcription
of the rea] track defcribed by a projetile contjsued
thus impracticable, a mathematician miéht‘v rk
have thought it beneath him to have affertéd; ‘that
the refiftance ot the air produced great changes in
the motion of projeéted bodies, without having it in
his power to aflign the quantity of thofe changes. ¢!
But as I have, for fome time paft, made man§
experiments myfelt on the ranges of bullets, and
have colleéted. ali that I could meet with made by
other perfons; it was neceffary, in order to examine
the feveral hypothefes of refiftance, which fome of
thefe experiments fuggefted, that I fhould be enabled
to eompute the'motions of refifted bodies, not only
when they were refifted in the cuplicate proportion
of their velocity; but likewife when the law of re-
fiftance was varied by other rules not. hitherto- fup-

* The learned commentators upon Sir J/aac Neguton's Prinei-
pia, in their comment printed at Genewa in the year 1740, avow
this truth; for, having given Bernoull?. folution of this problem,
and difcoffed it at large, they add « Ex guibut mamifeflum fit
“ were trajedtirie defcriptionem adeb perplexam ey ut ax illa vix
““ quidquam ad ufus philcfephicos aut mechanicos accommodatum poffit
¢ deduci.” That is, ¢ The defcription of the curve, in which
« 3 projeile moves, is fo very perplexed, that it can be fcarcely
¢« expeéted, any deduction thould be thesce made; which may
¢ be adapted cither to philofophical ‘er mechanical purpofes.”
Vide volgz. p. 118, - ’ L
y pokd -
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‘pofed by any writer. -And, in thefe- inveftigations,
1 had the good fortune to difcover-fome camypendious
approximatiens, which: were as accurate, as the na~
ture of the fubje& required, and were-as eafy in
their application, as I could well hope for in fo per-
plexed and intricate’ 2 matter; and though many of
thefe methods appear now to be ufelefs, as 1 have
found feveral of the.liws of refiftance,. which they
. were fitted to examine, to be fictitious: yet, as fome
of thefe compendiums are applicable to the: real mor
tions of projected bodies, 1 fhall infert fuch of them;
as from their general form are the. fooneft defcribed
and the eafieft ‘to be remembered, and..which ate
fufficient for computing the motions of fhells and
bullets in every practical operation of gunnery. But
firft it.is"neceflary to -examine, what is the real lay
of refiftance of bodies maving through the air.

1 .have-:already: mentioned, . that .in: very greas
changcs_ ‘of velocity, the refiftance dees.not accurately
follow the ‘duplicate proportion of the velocity. - But
how much this variation amounts to, and how it is
adapted to the different velocities of the refifted body 3
it is not eafy nicelyto.afcértain. However, by com-
paring together a great number of experiments; I
am of opinion, that till, a more accurate theory of
thefe' changes is compleated, the two following pofi-
tions may be affumed without any remarkable error.
.. Firft, That till the velocity of the projeile fur-
g:ﬂ'es that of 1100 feet in a fecond, the refiftance may

efteemeéd to be in the duplicate proportion of the
velocity; and its mean quantity may be taken to be
nearly the fame with that, I have affigned in the for-
mer paper. ) ,
Second, That if the velocity be ' greater ‘than that
of 11 or 1200 feet in a fecond, then the abfolute
quantity of that refiftance in thefe greater velocities

will be near three times as great, as it fhould be by
. : M 3 . . acom-
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- compatifon with the fmaller velocities®. For :in-
Htance, the refiftance ofi.a 12 pound fhet. .moving
-with. a #elodity.of 1700 feet in a fecond, inflead of
:¥441b., which I have afligned it in a former paper;
will be now three times that quantity, or 4331b.s-. -
- Hence then'it appears, that, if a-projettile beging
@o move with a velocity lefs than that of 1#Qo0 feet
in 1’75 its whole motion: may be fuppofed ta b¢ con-
fidered on the hypothefis of a refiftance in:the dupli-
cate ratio of the velocity: And, if it begins to move
with a velocity greater than this.laft mentioned, yet
If the firft part of its'motiony &iH its velocity be - re-
duced to'near: 1100 feetina’/, be confidered -fepa-
kately from:ehe remaining part, in which the;velocity
15 lefs than..r1oo feet in 17/; it is evident, that bath
parts may be truly aifigned on the fame hypothefis,
only the abfolute quantity of the refitance. is - three
times greaterin the fir(t part:than in the Jaft. Where-
fore if the motien of a projectile .on the hypothefis
of a refiftance'in the duplicate- ratio. of the velocity
be truly and.generally affigned, the attual motions
of refifted ‘bodies may be. thereby determined, not-
withftanding the: increafed .refiftances in. the :great
" # As T have forbore to fixiany hypothefis with ‘the:plain
matters of fadtideduced from .experiment, Ldid pot therefore
anipmdvert on r;}ai's remarkgble gircum&ance, qxat the v:;lo'_ci?, at
which the moving hody fhifts its refiffance, is nedrly the fame,
with which found'is propagated through the air. Indeed, if the
treble refiftarice in"tglc greater velocities is owing to a vacuum
being lefe behind the refifted body, it is not unreaformble to fup-
fo{e, that the, celenity of found‘is the yery leaft degree of ce-
lerity, with which 2 proje€ile can form this vacuum, and can in
fome forr avoid the preflure of the atmofphere onits hinder
parts. It may perhaps confirm shis chnjecture to ebferve, that,
- if a bullet, moving with the celerity of found, does.re;llx leave
a-vacuum behind: 16, the preflure’of th¢ atmofphere on 1ts fore
part is a force abqut three times. as great as its refiftance, com-
puted by the laws obferved in flow motions. But the' éxalt
manner, in Which the greater and lefler refiftances fhift jnto each
other, muft be the fubjett of farther experimental enquiries..
- 2 velocities.
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‘eelocities. : And, toavoid the divifion, of the notion
into.two, I fhall hereafter fhew how to: compute the
whole at one: operation with lictle moratrm’xbfe, than
if no fuch-increafed refiftance took place,

+.To avoid- frequent.circumlbcutions, the diftance,
to which any projectile would range in a vacuum on
the harizontal plain at 45° of elevation, I fhall call
the potential random of that projectile.

And the diftance to Wh'tCE the projectile would
range in a vacuum on the horizontal plain at any
angle different from 45°, I fhall call the potential
mﬁd()f the: projectile range at that angle. ;

: the difference, to which a projeétile really
ranges, I fhall call its actua) range.
- If the velocity, with which a projedtile begins to
move, is known; its potential random.and its poten-
tial range at any given angle: are eafily determined
from the common theory of projectiles*: or, more

- * The method of computing the potential raridom front the
known velocity of the projetile is thus. Find out by the theory
of falling bodies, what height the proje&tile muft fall from to
acquire tie‘ given velocity, therr twice this height is the potential
. random fought. ’ - : ’
. * EXAMPLE.

Let the given velocity of the projectile be that of 100 feet
in 17; then, fince it is known, that a heavy body in falling 16
feet 1 inch, acquires a velocity of 3z feet 2z inches in 17, and
the fpaces fell through are in a dyplicate proportion of the velo-
cities acquired by tEe fall; it follows, that the defcent for ac-
—7
quiring a velocity of 1000 feet im a fecond is lf’oo.o‘l:, $544

: : Y
feet, which, doubled, gives 31088 feet or 10363 yards for the
potential random fougﬁt. And, in the fame manner, if the
potential random be given, the velocity of the projeétilé may
be found. For the number of feet, or half the potential random,
multiplied by 647, and the fquare raot of the produét extraéted,
that root will exprefs the feet the projectile moves in a fecond.
However, fhorter methods of folving thefe cafes, and what are
fafficiently exa& for our purpofe, will be explained in the 4th

paper hereafter inferted. )
. M 4 generally,
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generally,: if sither its original velocity, its potential
random, orits potential range, -at a given angle are
known, the other two are eafily found-out.
To facilitate the computation of refifted bodies it
is neceffary, in the confideration of eacti refifted body,
to affign a certain quantity, ‘which 1 fhall denominat¢
F, adapted to the refiftance of. that, patticular pro-
je&ile.” To find this quantity F-to any projecile
given, we may proceed thus; firft find, trom the
principles delivered in the former paper, with what
velocity the projectile. muft move, fo that its refift-
ance may be equal to its gravity. Then the height,
from whence a body muft defcend in.:a vacuum to
acquire this velocity, is the magpitude of F fought:
But the concifeft way of “finding this: quantity F
to any fhell or bullet is this: if it be.of folid iron,
nltiply its diameter meafured in inches by 300,
the produt will be the magnitude of Fiexprefled in -
yards. If, inftead of a folid iron buller, it is a
fhell or a bullet of fome other fubftance; then, as
the fpecific gravity of iron is to the fpecific gravity
of the fhell or bullet given, fo is the F correfponding
to an iron bullet of the fame diameter, to the proper
F for the fhell or bullet given. The quantity.F
being thus afligned, the neceflary computations of
thefe refifted motions may be difpatched by the three
following propofitions, always remembering that thefe
propofizions proceed on the hypothefis of the refift-
ance being in the duplicate proportion of the velocity
of the refifted body. How to apply this principle,’
when the velocity is fo great, as to have its refiftance
augmented beyond this rate, fhall be fhewn in a
coroliary to be annexed to the firft propofition.

PROP I

Given the atual range of a given fhell or bullet
at any imait angle not excceding 8° or 10°, to deter-
A ! mine
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fnine’its potential range, and confcqucntly its potens
nal random and original vclocnty

. e

SOLLITION

| Lét thc -attual range gwcn be dwxded by the ﬁ'
correfpondmg to the given projeile, .and find the
quote in the firft column of the annexed table. Then
the correfpondmg number in the fecond column muld
tplied into F, will be the potential range fought;
and thence, by the methods already explamed the
potential random, and the original velocxty of thc
pro;eéhlc is ngcn

A&uﬂ‘

.- .. .. . . -
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A&tual ) Cerrefpond- 1 f Actual | Correfpond- || A&ual ) Correfpond-
ranges |ing poten- | | ranges |ing potential || ranges ing potemtial

cxprefl- | tial ranges { ] exprefl-] ranges ex- exprefl- | ranges ex-
edinF.| exprefled L edinF. | prefled in F. || ed inF, | prefled in F,
inF, . ER

o,01|0,0100(|1,5 | 2,6422(]3,25]|13,2556
0,020, 0201 {[1, 55| 2,%890]|3,3 |13, 8258
‘0,040, 0405(/1,6 | 2,9413{]3, 35114, 4195
0,060, 0612{1,65] 3,09941|3,4 |15, 0377
0,080, 0822(|1,7 | 3,2635][3,45]15,6814
0,1 |0, 034]|1, 75| 3,4338][3,5 [16,3517
0,12/0,1249((1,8 | 3,6107/(3,55117,0497
0,140, 146811, 85| 3,7944//3,6 [17, 7768
0,15[0,1578([1,9 | 3,9851([3,65[18, 5341
0,2 |0,2140||1,95| 4,1833]13,7 19,3229
0,250, 2722]| 2, 4, 3890]13, 75]20, 1446
0,3 |0, 3324]|[2, 05| 4.6028]{3,8 [21,0006
0,35]0, 3947|(2, 1 | 4,8249]]3,85]21,8925
0,4 |0,4591]|2,15| 5:055/113,9 |22,8218
0,4510, 525812, 2 | 5,2955/13,95123, 7901
0,5 |0, 5949(|2, 25| 5 5446](4,0 |24, 7991
0, 5510, 6664 2,31 5 8036 4,05]25, 8506
0,6 |0, 7404|{2,35] 6,0728]|l4,1 |26,9465
0,650, 8170|[2,4 | 6,3526](4,15]28,0887
0,7 |0, 89642, 45| 6,6435]4,2 |29,2792
0,75[0,9787(12,5 | 6,9460(4,25]30, 5202
0,8 |1,0638|[2, 55| 7,2605|{4,3 |31,8138
0,85{1, 1521](2,6 | 7,5875|14,35]|33,1625
0,9 |1,2436([2,65( 7,9276|/4,4 |34, 5686
0,951, 3383|(2,7 | 8,2813)|4,45]36,0346
1,0 |1,4366(|2; 75| 8,6492((4,5 [37,5632
1,051, 538412, 8 | 9,031914,55/39, 1571
I, 1 |1,6439]|2,85] 9,4300(/4,6 |40,8193
1, 1511, 7534(12,9 | 9584421 4,65]42, 5527
1,2 [1,8669|l2,95|10,2752)[4,7 |44, 3605
1,25|1,9845((3,0 |10,7237|]| 4 75|46, 2460
1,3 [2,1066]|3,05[11,1904(4,8 |48,2127
1,35|2,2332|[3,1 |11,6761/]4,85]50,2641
I, 4 [25,3646((3,15|12,1816(|4,9 |52,4040

| » 95| 54, 626
1,452 5008 |3,’2 12, 7078“;,35 22:9253
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"EXAMPLES.

An cighteen pounder, the diameter of whofe fhot
is about 5'inches, when loaded with 21b. of powder
ranged & -anelévation of: 3°. 30" t0.the-diftance of
.97%4{21'%3‘-{ fpo Gl h;sb o io e ds,,
. ", correfponding to this bullet is 1500 yard
;and the-guote of .th:’féh.lal;‘range by :this number is
‘65, correfponding to which in the fecond column is
2817, -whence ,817 F, or 1225 yaras, is the potential
range fought,. and this augmented in the ratio of the

“fine of twice the angle of elevation to the radius,
gives 10050 yards for the potential random ; whence
it will be found, that the velocity of this projectile
was that of 984 feer in a fecond. P

"COROLLARY 1t

~ If the converfe of this propofition be defired ; ‘that
is, if the potential range in a fmall angle be given?
and thencg the atual range be fought; this may be
folved with the fame facility by the fame table. ‘For
if “the given potential range be divided by its corre-
fpondent F, then, oppofite to the quote fought in
the fecond column, there will be found in the firft
column a number, which multiplied into F will give
the attual range required. And from hence it fol-
lows, that, if the actual range be given at one angle,
it may be found at every other angle not exceeding
8 ori10%

COROLLARY 2d

If the actual fange at a given fmall angle begiven,
and another actual range be-given, to which the angle -
is fought; this will be, determined by finding the
potential ranges correfponding to the two given
attual ranges; then the angle correfponding to one

of thefe potential ranges being known, the angle
T corre-
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‘correfponding to the other will be found by the
common theory of projectiles. :
R COROLL:A RY,~3d. .
If the potential random' deduced ‘from the actual
range by this propofition exceeds 13000 yards; then
the original velocity ofthe projectiie was fo great as
to be affected by the treble refiftance defcribed above;
and confequently the real potential random will be
greater, than what is here determined. However,
in this cafe the true potential random may be thus
nearly affigned. ‘Take a 4th continued proportional”
to r3000 yards, and the potential random found by
this propofition, and the 4th proportional thus found,
may be aflumed for the true potential random fough.
In like manner, when the true potential random is
given greater than 13000 yards, we muft take two
mean proportionals between 13000 and this ran-
«dom*: and the firft of thefe mean proportionals muft
be affumed inftead of the random given, in every
operation defcribed in -thefe propofitions and their
corollaries. And this method will nearly allow for
the encreafed refiftance in large velocities, -the differ-
ence only amounting to a few minutes in the angle of
direction of the projeéted body, which, provided that
angle exceeds two or three degrees, is. ufually fcarce
worth attending to. ST

Of this procefs take the following example.

A twenty-four pounder fired with twelve pounds
of powder, when elevated at 7° 15/, ranged about
2500 yards; here the K being near 1700 yards, the

- quote-to be fought in the firft column 1s 147, to
which the number correfponding in the fecond co-

* It may perhaps be unneceffary to obferve, that the operations ‘
dire&ted in this corollary are heft performed by the table of loga-

rithms. : -
- lumn
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lumn is 2,556; whence the potential range is. near
4350 yards, and the potential random thence refultr.
ing 17402; but this being more than 13000, we
muft, to get the true poteptial random, take a 4th
continued proportional “to" 13000 and 17400, and
this 4th proportional, which js' about 31000 yards,
is to be eftcemed the: true potential. random fought;. -
iwyhen(cle the velocity is ncarly that of . 1730 feet i a
econ:

SCHOLIUM

Tb:s propelition is confined ta fimall a,nglcs, noc
exceeding 8°.ar 10° for reafons, which, will be feen.
" hereafter; when.I give the demonftration of this and
the enfuing problems. A fubje&, which being purely
eometrical, I chufe to dxfcufs in a fmall ¢raét by it~
felf. In all poffible cafes of practice, this approxi-
matxon, thus limited, will not differ from the moft
rigorous. folution by fo much, as what will often
intervene from the variation of the denfity of the.
atmofphere in a.few hours time; fo that the errors
of the approximation are much fhort of other in-
evitable errots, which arife from the nature of this
fubject.
‘PROP. IL
Given the attual range of a ngen fhell or bullet,
at any ahgle’ not exccedmo 45°, to determine its’

potential range -at the ‘fame angles; and thcnce its-
porcnnal Tandom and onglnal vclocny

[

©SOLUTION." ﬂ~n

" Diminifh the F corrcfpondmo to the ﬂ]C" or bullet”
gwen in the proportion of the radius to the cofine’
of % of the anglé of elevation. Then, By means of
thc reccdmcr table, operate with this reduced F in
the iP am¢ manncr as is prefcribed in the Blution of
the latt propoﬁnon, and the refule will be the poteni

B, ¢ ¢ |
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. tial range foughit; whence the potential random, and
the original velocity, are eafily determined.

) . EXAMPLE. .

A mortar for fea‘fervice, charged with 301b. of
powder, hus fometimes thrown its'thell of 123 inches
diameter, and of 231lb, weight, to the diftance of
2 miles or 3450 yards. This at an elevation of 45°.

The F to this fhell, if it ware folid, is 382 5 yards;
but as the .thell is only 4 of a folid globe, the true
F is no more than-3060 yards. This, dirhinifhed
ih the ratio of the radius to the coftne of 3 of the
angle of elevation, becomes2534. The quete of the
potential range by this diminithed F is 1,384, which
fought in the firft column of the preceding table

ives- 2,280 for the correfponding number in- the

econd column; and this multiplied into the reduced
F prodtces 5800 yards for the potential range foughr,
which, as the angle of elevation was 45°, is alfo the
potential -random: and hence the original velocity of
: }his fhell appears to be that of about 748 feet in a
econd. : C

COROLLARY.

The converfe of this propofition, -that is, the de-
termination of the actual range from the potential
range given, is eafily deduced frem hence by means.
of the quote of the potential range divided by the
reduced F; for this quote fearched out in the fecond’
column will give a correfponding number in the firft
column, which multiplied into the reduced F, will
be the actual range fought. ,

Alfo, if the potential random of a projetile be
given, or its actual range at a given.angle of eleva-
tion; its actual range at any other angle of elevation,
not greater than 45°, may hence be known. For the

~ potential random will" aflign ‘the potential range at
any
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any:given angle, -and thence, By the method of this
corollary, the actual range may be found. '

EXAMPLE

A fit mufquet bullet fired from a piece of the
ftandard dimenfions, with § of its weight in good
})owder, acquires’ a velocity of near .goo feet in a
econd; thatis, it has a potential random of near
8400 yards. If now the attual range of, this bullet,
at 15° was fought, we muft proced thus.. . : :
~ Fram the given potential random it follows,
that the poteptial range at 15°is 4200 'yards, the
diameter of the bullet is % of an inch, and- thenge,;
as it is of lead, its proper F is 337,5 yards, which,,
reduced in the, ratio of the radius to the cofine of £
of 15°, becomes 331 yards. The quote of 4200
by this gumber is 12,7 nearly, which, being fought:
in the fecond column, gives 3,2 nearly for the cor--
refponding number in the firft column; and this.
multiplied into 331 yards (the reduced. F) makes
1049 yards for the actual range fought. - I

EXAMPLE IL .

Tlie fame bullet, fired with its whole weight in"
powder, acquires a velocity of about 2100 feet in
a fecond, -to which there correfponds a potential ran-
dam of dbout 45700 yards. But this number greatly
exceeding 13000 yards, it muft be reduced by the
method deferibed in the third corollary of* the firft
propofition, when it becomes 19700 yards. If now -
the aCtual range of this bullet at 15° was required, °
we fhall from hence find, that the potential'range at
15° is 9830 yards, which, divided by the reduced F -
ot the laft-example, gives for a quote 29%5; -and
thence following the fteps prefcribed “above, the .
aftual range of this- bullet comes out 1396 yards,
exceeding the farmer range: by no .more than: 3;‘37

I yards;
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yards; whereas the differeace between the two po-
tential ranges is above ten miles. Of fuch prodi-
ious efficacy is the refiftance of the air, which hath
en hitherto treated as tpo infignificant a power to
be attended to in layiog down the theory of pro-
je&iles. - . T -
.« SCHOLIUM. :

The demonftration of the methods, I have hitherto
explained for computing' the motions of refifted
bodies, I propofe to refer to the geometrical part;
where the principles and limits of thefe approxima-
tions will be difcuffed. But I muft here obferve,
that as the denfity of the atmofphere perpetually
varies, encreafing and diminithing often by - part,
and fometimes more, in a few hours; for that reafon
I have not been over rigorous in forming thefe rules,
but have confidered them as fufficiently exact, when
the errors of the approximation do not exceed the
inequalities, which would take place by a change of
&> part in the denfity of the atmofphere. With this
reftriCtion, the rules of this propofition may be fafely
applied in all poffible cafes of practice. 1hat is to
fay, they will exhibit the true motions of all kinds
ofy fhells, and cannon-fhot, as far as 45° of elevation,
and of all mufket-bullets- fired with their largeft
cuftomary charges, if not elevated more than 3o°.
Indeed, if experiments are made with extraordinary
quantities of powder, producing potential randoms
greatly furpafling the ufual rate; then in large angles
fome farther modifications may be neceffary. And
though, as thefe cafes are beyond the limits of all
practice, it may be thought unneceffary to conflider
them; yet, to enable thofe, who are fo difpofed to
examine thefe uncommon cafes; I fhall here infert a
propofition, which will determine the actual motion.
of a projectile at 45° how enormous foever its ori-
ginal velocity may be. - But as this propolition will

2 o rather
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rather relate to fpeculative than practical cafes,
ipftead of fuppofing the actual range known, thence
to affign the potential random : 1 fhall now fuppofe
the potential random given, and the atual range
to be thence inveftigated.

PROP. III;

Given the potential random of a given fhell or
bullet to determine its actual range at .45°.

SOLUTION.
Divide the given -'poteht'ial random by the F corre-
fponding to the fhell or bullet given, and call the
quotient q, and let 1 be the difference between the

tabular logarithms of 25 and of g, the logarithm of
10 being fuppofed unity; then the attual range

foughtis 3,4 F F 2IF — :—:)F » where the double

fine of 2IF is to be thus underftood; that if q
be lefs than 25, it muft be — 2lF; if it be
greater, then it muft be 4- 2lF. In this folution
q may be any number not lefs than 3, nor more
than 2500.

COROLLARY.

Computing in the manner here laid down, we
fhall find the relation between the potential ran-
doms, and the actual range at 45°, within the limits
of- this propofition, to be as exprefled in the follow-
ing table, ,

\

Vor. L, - N Potential
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Potential Random. Aé&ual Range at 45"
3F —_— — 1,5 F
6F 2,1 F

10F - 2,‘6 F
20F —_— == - 3,2F
goF 3,6 F
40F 3,8F
s0F 40F
100F —— — — 46F
200 F — 51F
500F 58 F
1000 F 6,4 F

2500 F — =  7,0F

Whence it appears, that, when the potential ran-
dom is encreafed from 3F to 2500F, the actual
range is only encreafed from 1} Fto 7 F, fo tha

_an increafe of 2497F in the potential random pro-
duces no greater an increafe in the actual range
than 53 F, which is not its 13- part; and this will
again - be greatly diminifhed on account of the en-
creafed refiftance, which takes place in greac ve-
Yocities. So extraordinary are the effeéts of this

. fefiftance, which we have been hitherto taught to

regard as inconfiderable.

That the juftnefs of the approximations laid
down in the 2d and 3d propofitions ‘thay be eafier
examnined ; I fhall conclude thefe computations by
inferting a table of the actual ranges at 45° of a
projectile, which is refifted in the duplicate propor-
tion of its velocity. This #able is computed by
methods different from thofe hitherto defcribed, and
is {ufficiently exatt to ferve as a ftandard, with which
the refult of our other rules may be compared. And
fince whatever errors occur in the application of the
preceding  propofitions, they will be moft fenfible
at 45° of elevation. It follows, that hereby the
utmoft limits of thofe errors may be afligned.
booos - -Potential




Or GUNNERY. 195

Potential Randoms. A&ual Range at 45°
i F — —~  ,0963F
:25F - 42282 F
5 F : 54203 F
y75F »5868 F

1,0. F ,7323F
1,25F ,860 F
1,5 F - 978 F
1,75 F : 1,083 F
2,0 F 1,179 F
2,5 F -~ 1,349 F
30 F 1,495 F
3,5 F 1,624 F
4,0 F —— 1,738 F
4,5 F 1,840 F
50 F - - 1,930 F
5,5 F IR 2,015 F
6,0 F e ‘ 2,097 F
- 6,5 F 2,169 F
70 F 2,237 F
75 F . 25300 F
8,0 F ou ' - 2,359 F
85 F .« - 2,414 F
9,0 F : L. - 25467 F
9,5 F 2,511 F

10,0 F - 2,564 F

1,0 F 2,651 F

13,0 F 2,804 F

150 F 2,937 F

20,0 F 3,196 F

250 F 3,396 E

30,0 F 3557 F

40,0 F 3,809 F

50,0. F 3,998 F

Thus I have difpatched all, I thought neceffary
to infert in this paper, relating to the computations
of the adtual motions of fhells and bullets, It might

N2 . now
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now perhaps be expe&ted, that I fhould exem plify
thefe rules by applying them to the examination
of a number of experiments made with various
kinds of artillery at different angles.. But befides
the doctrine of the air’s refiftance, to which this paper
hath been hitherto confined; the theory, which I
have undertaken to eftablifh, confifts of another
branch not lefs important : I mean the confideration
of the a&tion of fired powder, and the affigning
from thence the velocity and potential random of a
given bullet impelled by a given charge. As there-
fore the experiments, I fhall hereafter produce, are
adapted to the confirmation of both branches of
the theory ; the difcuffion of them muft be of courfe
ftponed, till the doctrine of the attion of powder

gz explained. And that is too copious a fubject to

be confined within the .limits of this paper ; efpe-

cially too as itis extremely.neceflaty, before any

other ﬁe(gs are taken on the prefent fubject, to ex-

plain diftinctly the irregularities, which frequently

occur in the flight of projetiles, and which divert

them fo wonderfully from their affigned track.

This though hitherto unobferved is a matter of very

great import in the theory of the motions of mili-

tary projectiles. And I {ball here endeavour to

difcufs it with as much concifenefs as I can.

Almoft every projectile, befides the forces we
have hitherto confidered, that is, its gravitation,
and that refiftance of the air, which direttly op-
pofcs its motion, .is affected by a third force, which
aéts obliquely to its motion, and in a variable direc-
tion; and which confequently defleéts the projeétile
from its regular.track, and from the vertical plane,
in which it began to move ; impelling it fometimes
to one fide, and fometimes to the other, occafion-
ing thereby very great inequalitiés in the repeated
ranges of the fame piece, though each time loaded

- _and pointed in the fame manner; and this force
1 ' ‘operating

’
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operating thus irregularly I conceive to be the prin-
cipal fource of all that uncertainty and confufion in
the artof gunnery, which hath hitherto been ufually
afcribed to the difference of powder. The reality
of this force, and the caufe which produces it, will,
I hope, appear from the following confiderations.
It will eafily be granted, I fuppofe, that no fhell
or bullet can be difcharged from the pieces gene-
rally in ufe, without rubbing againft their fides,
and thereby acquiring a whirling motion, as well as
a progreflive one. And as this whirl will in one
part of its revolution confpire in fome degree with
the progreflive motion, and in another part be
equally oppofed to it; the refiftance of the air
on the fore part of the bullet will be hereby af-
fected, and will be increafed in that part, where
the whirling motion confpires with the progrefiive,
and diminifﬁcd, where it is oppofed to it. And
by this means the whole effort of the refiftance, in-
ftead of being in a direGtion oppofite to the direc-
tion of the body, will become oblique thereto, and
will produce thofe effefts, we have already men-
tioned. If it was poffible to predict the pofition of
the axis, round which the bullet fhould whirl, and
if that axis was unchangeable during the whole
flight of the bullet, then the aberration of the
bullet by this oblique force would be in a given
direttion, and the incurvation produced thereby
would regularly extend the fame way from one end
of its track to the other. For inftance. if the
axis of the whirl was perpendicular to the horizon;
then the incurvation would be tq the right or left.
If that axis were horizontal and perpendicular to
the diretion of the bullet; then the incurvation
would be upwards or downwards. But as the firft
polition of this axis is uncertain, and as' it may
perpetually fhift in the courfe of the bullet’s flight ;
the deviaton of the bullet is not'neceffrily either.
N 3 ‘ in
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in one certain direction, nor tending to the fame
fide in one part of its track that it does in an-
other, but it more ufually is continually changing
the tendency of its deflection, as the axis, round
which it whirls, muft frequently fhift its pofition
to the progreflive motion by many inevitable ac-
cidents. ‘

That a bullet generally acquires fuch a rotatory
motion, as I have here defcribed, and that thefe ir-
regularities are the neceflary confequences of fuch
a rotation, is, I think, demonftrable. However,
as in thefe novel aflfertions, 1 would leave no room
for doubt or difpute; I propofe firft to fhew to
‘the fociety by an obvious experiment ®, that the
diretion of a ball will be fenfibly changed by com-
pounding its progreflive motion with a revolving
one, although both thefe motions, and confequently
their effects, are prodigioufly fhort of what muft
neceflarily take place in military projetiles; and I
next propofe to exhibit to any gentlemen, who will
honour me with their company, an'ocular proof of
the defle¢tion of mufket bullets even in the fmall
interval of 6o, 0, or 100 yards, It is true, in

- larger intervals thefe inequalities are much more
" confiderable ; for I have feen a bullet in a range of
700 yards deviate above 100 yards from its direc-
tion. But as proper ground fufficient for thefe ex-
tended trials is not to be met with in the neighbour-
hood of ZLondon; 1 hope, the experiments, I fhall
make in a fhorter fpace, as they will evince the
reality of thefe defleCtions, will procure belief to
other experimentswhere they have been much greater,
‘What methods are neceffary for the avoiding of thefe
devarications; I may perhaps treat of in the courfe
of fome future papers on the fubject of gunnery.

® This experiment, with all the others mentioned in this
and the next paragraph, are defcribed in the following paper.

) I fhall
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I fhall only add, that, as it may be imagined,
that the effets of the oblique refiftance, I have
here defcribed, can be nicely afcertained by the
common eftablifhed doctrine of the action of fluids
on a furface placed oblique to their motions : 1 muft
therefore obferve (to prevent any perfons from
wafting their time in fo fruitlefs an examination)
that all the pofitions hitherto laid down by any
author whatever about the comparative refiftances
of oblique furfaces, are moft egregioufly erroneous.
It would too much enlarge the prefent paper to
demonttrate this in every inftance; I fhall there-
fore content myfelf with exhibiting one experiment,
which, if properly weighed, will, I believe, render
that trouble unneceflary. In this experiment I fhall
fhew, that two equal furfaces, each of them meet-
ing the air with the fame degree of obliquity, are
yet fo differently refifted, that though in one the
refiftance be lefs than that of a perpendicular fure
face meeting the fame quantity of air, yet in the
other it is greater. But on this important fubject
(the compleating of which is abfolutely neceflary to
the eftablithing the true theory of fhip-building
and failing) I hope to be more explicit hereafter.-
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No. III.

An accéunt of the experiments, relating
to the refiftance of the air, exhibited
at different times before the Royal
Society, in the year 1746.

N the latter end of the laft fummer, I

delivered in two papers to the fociety on

the refiftance of the air: the firft endea-

vouring to demonftrate the very great

cffects thereby produced in the motion
of almoft every military projectile, and confequently
the neceffity of confidering it in all fpeculations upon
the fubject of gunnery; the other containing a more
accurate and minute explication of the laws obferved
by this refiftance, together with rules for computing
the actual ranges of projectiles as influenced and regu-
lated thereby, And, to compleat this fubjeét, there
was inferted, in this laft paper, a defcription of an
extraordinary and hitherto unfufpeéted irregularity,
to which thefe motions are liable; with a difcuffion
of the caufes of the difturbing force, by which it is
brought about. And hence occafion was taken ta
add, in the conclufion, fome very paradoxical af-
fertions relating to the difference, that is found in the
refiftance of the air to the fame oblique furface, only
by varying of fuch circumftances as have hitherto
been fuppofed to have no connection with that refift~
ance,

The
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The propofitions advanced in thefe papers, being
foft of them diretly contrary to the opinions gene--
rally received on this fubject; their proof depended
on certain experiments, which I had myfelf frequently
repeated, and which, upon this occafion, I exhibited
to the fociety. And as they were often reiterated
before numbers of the members, and always with
fufficient fuccefs; I think it incumbent on me to
defcribe the machines and methods made ufe of on
this occalion, together with an account of the nature
and events of the trials thus exhibited. For I con-:
ceive a narration of this kind, corroborated by the
recollection of thofe gentlemen who were then pre-
fent, will be a much ftronger confirmation of the
principles, I advance, than the refult of any expe-'
riments, which depended merely on my own relation.
For my fingle evidence might perhaps be confidered
as precarious; as I might at leaft be fufpeéted of
being biaffed rowards thofe novel doctrines, of which:
I profefs myfelf in fome degree the inventor.

To begin then with this narration, it is neceffary
to mention, that, in the firft paper delivered to the
fociety, I afferted the two following propofitions ;

Firft, « That the refittance of the air to a 121b.
« iron bullet; moving with a velocity of 25 feet in
< a fecond, is not lefs than half an ounce avoirdu-~
¢ poife.” .

Secondly, ¢ That the refiftance of the air, within
¢ certain limits, is nearly in the duplicate proportion
¢¢ of the velocity of the refifted body.” ‘

Thefe propofitions are in themfelves neither un.
known nor doubtful; but yet as they are the bafis
of fome other affertions, which have been hitherto
conftantly contefted and denied; I thought it requi-
fite to-evince their veracity by more unqueftioned and
fimpler methods, than have been hitherto praiifed:
for this purpofe, I therefore gaufed a machine to gc

' made
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made of the form reprefented in the annexed draw-
ing®, which was moft excellently executed under the
direction of Mr. Ellicot, and was compleatly fitted for .
the ufe intended by many contrivances, fome of them
not contained in the drawing, nor neceflary to be
particularized in this place. &or it is fufficient, for
the purpofe of the following experiments, to defcribe
its general fabric, by obferving that BCDE is a brafs
barrel moveable on its axis, and {o adjufted by means
of friction wheels, which are not reprefented in the’
drawing, as to have no fri¢tion worth attending to.
The frame, in which this barrel is fixed, is fo placed,
that its axis may be perpendicular to the horizon.
The axis itfelf is continued above the upper plate of
the frame, and has faftened on it a light hollow cone
AFG; from the lower part of this cone there is ex-
tended a long arm of wood GH, which is very thin,
and_cut feather-edged, and at its extremity there is
a contrivance for fixing on the body, whofe refiftance
is to be inveftigated (as here the globe P) and, ta
vent the arm GH from fwaying out of its hori-
zontal pofition by the weight of the annexed body P,
there is a brace AH of fine wire faftened to the top
of the cone, which fupports the end of the arm.
Round the barrel BCDE there is wound a fine filk
line, the turns of which appear in the figure, and
. after this line hath taken a fufficient number of turns,
it is conduéted -nearly horizontally to the pully L,
over which it is pafied, and then a proper weight M
is hung to its extremity. If this weight be left at
liberty, it is obvious, that it will defcend by its own
ravity, and will by its defcent turn round the barrel
CDE, together with the arm GH and the body P
faftened to it. And whilft the refiftance on the arm
GH and on the body P is lefs than the weight M, that
weight will accelerate its motion, and thereby the
* Plate II. fig. L. s
' mation
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motion of GH and P will increafe, and confequently
their refiftance will increafe, till at laft this refiftance
and the weight M become nearly equal to each other,
The motion with which M defcends, and with which
the body P revolves, * will not fenfibly differ from an
equable one.-  Whence it is not difficult to conceive,
that by proper obfervations made with this machine,
the refiftance of the body P may be determined. The
moft natural method of proceedingin thisinveftigation
. is, as follows. I.et the machine have firft acquired its
equable motion (which, as will hereafter appear, will
be ufually atrained in five or fix turns from the be-
ginning) and then iet it be obferved, by counting a
number of turns, what time is taken up by one re-
volution of the body P; then taking off the body P
#nd the weight M, let it be examined, what fmaller
weight will make the arm GH revolve in the fame
time, as when P was fixed to it; this fmaller weight
bejng taken from M, the remainder is obvioufly equal
in effort to the refiftance of the revolving body P,
and this remainder being reduced in the ratio of the
length of the arm to the femidiameter of the barrel,
will then become equal to the abfolute quantity of the
refiftance. And as the time of one revolution is
known, and confequently the velocity of the revolv-
ing body; there is hereby difcovered, the abfolute
quantity of the refiftance to the given body P moving
with a given degree of celerity.

And note, that to avoid all exceptions I have ge-
nerally chofe, when the body P was removed, to fix
in its ftead a thin pjece of lead of the fame weight,
placed horizontally; fo that the weight, which was
to turn round the arm GH without the body P, did
alfo carry round this piece of lead. This I did, left
it thould be objetted, that the body P retarded the
weight M by its quantity of matter as well as by its
refittance. But mathematicians will eafily allow, that

"these was no neceflity for this precaution,

The
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. The meafures of the parts of this machine were,

as follows :
Inches.

The diameter of the barrel BCDE and of
the filk ftring wound round it was 2,06
The length of the arm GH meafured from
the axis to the furface of the globe P was 49,5
The body P, the globe made ufe of, was of
pafteboard, its furface very neatly coated with
marble paper. It was not much diftant from

the fize of a 121b. fhot, being in diameter = 4,5
So'that the radius of the circle defcribed by
the center of the globe was 51,75

When this globe was fixed at the end of the arm,
and a weight of half a pound was hung at the end
of the ftring at M; it was examined, how foon the
motion of the defcending weight M, and of the re-
volving globe P, would become equable as to fenfe.
And with this view three revolutions being fuffered
to elapfe, it was found, that

The next 10 were performed in 27"%
20 in lefs than 55

30 in ' 82 1

So that the firft 10 were performed in 277/}

2d roin : 27 &

3d 10in 27 =

Thefe experiments fufficiently evince, that even
with half a pound, the fmalleft weight hereafter ufed,
the motion of the machine was fufficiently equable
after the firft three revolutions.

And now to prove the two forementioned propofi-
tions, the following experiments were made; the times
marked down being obferved by feveral ftop-watches,
which rarely differed half a fecond from each other.

The forementioned globe being fixed at the end
of the arm, there was hung on in the fituation M a
weight of 31b.%, and 10 revolutions being fuffered

to elapfe, the fucceeding 20 were performed in 21”5

Then



Or GUNNERY. 20§

Then the globe being taken off, and a thin plate
of lead, equal to it in weight, placed in its room; it
was found, that, inftead of 3lb.;, a weight of 11b.
would make it revolve in lefs time, than it did before,
it performing 20 revolutions, after 10 were elapfed,
in the fpace of 19 feconds. - '

Hence then it follows, that from the 3lb.} fitt -
hung on, there is lefs than 1lb. to be deduéted for
the refiftance on the arm, and confequently the refift-
ance on the globe itfelf is not lefs than the effort of
2]b.; in the fituation M; and it appearing from the
former meafures, that the radius of the barrel is
nearly +% part of the radius of the circle deferibed
by the center of the globe; it follows, that the abfo-
lute refiftance of the globe, when it revolves 20 times
in 21/} (which, if computed by the meafures given

~.above, comes out ‘a velocity of about 25 feet in a
fecond) it follows, I fay, that the refiftance of the
globe in this cafe is not lefs than the ; part of 21b.4,
or than the 4% parwof 36 ounces: and this being
confiderably more than half an ounce, and the globe
being nearly the fize of a 12 pounder; it irrefragably
confirms our firft propofition, ¢ That the rcﬁ‘E:ncc
¢¢ of the air to a 121b. iron bullet, moving with a

~¢¢ velocity of 25 feet in a fecond, is not lefs than
¢¢ half an ounce avoirdupoife.”

The next experiments were made with a view
of examining the 2d propofition. And for this pur-
pofe there were fucceffively hung on in the fituation
M weights in the proportion of the numbers 1,4,9,16,
and letting 10 revolutions firft elapfe, the obfervations
on thofe, that follow, were as under.

With 21b. the globe went 20 turns in 54 L
that is, it went 10 turns in 27 L
With 2 Ib. it went 20 turns in 27 1
With 41b.; it went 30 turns in 27 &
With 81b. it went 40 turns in 27 %
’ SQ
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" So that it appears, that to refiftances of the pro-
portions of the numbers 1, 4, 9, 16 there correfpotid
velocities of the refifted body in the proportion of the
numbers 1,2, 3, 4, which proves with great nicety,
within the limits of thefe experiments, the fecond
propofition contained in our firft paper, ¢ That the
¢ refiftance of the air is nearly in the duplicate pro-
¢ portion of the velocity of the refifted body. That
< is, it is four tites as much when the refifted body
¢ moves with twice the velocity ; nine times as much,
s ;vhcn it moves with three times the velocity, and
« fo on.” : . :

Thefe were the experiments exhibited to evince
the affertions contained in the firft paper, and thefe
having been fhewn at different times to numbers of
the fociety, without any exceptions being made there-
to, that I have yet heard of ; they were taken for
granted in my fecond paper, and confidered as a full -

. confirmation of what, I had before advanced. -

The fecond paper, though principally employed
in giving rules for the computation of the motions
of military projettiles, as modulated by the refiftante
of the air, did yet, in the latter part of it, contain
.fome obfervations relating to the hitherto unheeded
cffetts produced by this refift#nce; for its action is
not folely employed in retarding the motions of pro-
- jeiles, but fome part of it exerted in defle@ting them
-from their courfe, and in twifting them in all kinds
-of dire€tions from their regular track; this is a doc-
trine, which, notwithftanding its prodigious import
. to the prefent fubje&t, hath been hitherto entirely un-
known, or unattended to; and therefore the .experi-
ments, by which I have confirmed it, merit, I con-
ceive, a particular defcription; as they are them-
felves too of a very fingular kind. -
The bafis of this do¢trine, which I have explained
_at large at the end of my fecond paper, but which it
is neceflary to defcribe in a few words in this place,

‘ s
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is this; that almoft all bullets receive a whirling
miotion by rubbing agairft the fides of the pieces,
they are difcharged trom; and that this whirking
‘motion of the bullet occafions it to ftrike the air ob-
Jiquely, and thereby produces a refiftance, which is
oblique to the track of the bullet, and confequently
perpetually defleéts it from its courfe. e

The firft experiment, exhibited on’ this occafio,
was to evince, that the whirling motion ‘of a ball,
combining with its progreffive motion, ‘would prd-
duce fuch an oblique refiftance and defletive power,
as is herein mentioned. For this purpofe a woodén
ball, 41 inches diameter, was fufpended by a double
ftring about eight or nine feet long. - Now by turn-
ing round the ‘ball, and twifting the double ftring,
the ball, when left to itfelf, would have a revolving
motion given it from the untwifting of the firing
again. And if, when the ftring was twifted, the
ball was drawn a cenfiderable diftance from the per

ndicular, and there let go; it would at firft, before

1t had acquired its revelving motion, vibrate fteadil

“enough in the fame vertical plane, in which it fir
began to move; but when, by the untwifting of the
ftring, ir had acquired a fufficient degree of its whirl-
ing motion, it conftantly deflected to the right or left
of its firft track ; and fometimes proceeded fo far, as
to have its dire®ion at right angles to that, in which
it began‘its motion; and this deviation was not pro-
duced by the attion of the ftring itfelf, but appeared
to be entirely owing to the refiftance being greater on
the one part of the leading furface of the globe than -
on the other. For the deviation continued, when
the ftring was totally untwifted, and even during the
time that the ftring, by the motion the globe had
received, was twifting the contrary way. And it was
always cafy to predict, before the ball was let go,
which way it would defle&t, only by confidering on
which fide the whirl would be combined with the
. : ~ progreflive
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rogreflive motion; for on that fide always the de-
fleting power alted; as the refiftance was greater
here, than on the fide, where the whirl and pro-
greflive motion were oppofed to each other. :

This experiment is an inconteftable proof, that, -
if any bullet, befides its progreflive motion, hath
a whirl round its axis; it will be defleted in the
manner here defcribed. And as it is fcarcely poffible
to fuppofe, but that every bullet, difcharged from
the picces now in common ufe, muft receive fuch a
whirl from its friCtion againft the fides of the piece;
the propofition might perhaps be fafely refted on this
fingle experiment. But not to leave any thing doubt~
ful in a fubje&t liable to fo much conteftation; I un-
dertook to evince, by an ocular proof, the reality of
this deflection in mufquet-bullets, even in fo fhort
an interval as a hundred yards. And thefe experi-
ments having fucceeded to the general fatisfaction
of thofe, who honoured me with their company; I
fhall here defcribe, as briefly as I can, the manner in
which they were tried, and the conclufions refulting
from them.

As all projectiles in their flight are acted on by the
power of gravity, the deflexion of a bullet from its
primary direction, fuppofes that deflexion to be up-
wards or downwards in a vertical plane; becaufe, in
the vertical plane, the altion of gravity is com-
pounded and entangled with the defleCtive force,
And for this reafon my experiments have been prin-
cipally directed to the examination of that deflexion,
. which carries the bullet to the right or left of the

vertical plane, in which it began to move. For if
it appears at any time, that the%ullet has (hifted from
that vertical plane, in which its motion began; this
will be an inconteftable confirmation of what, we
~ aflerted.  Since no other power but that unequal re-
fiftance, which we here infift on, can occafion a body
in motion to deviate from the vertical plane, in which
it has once moved. : Now
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Now by means of fcreens of exceeding thin paper,
placed parallel to each other at proper diftances, this
deflexion in queftion may be many ways inveftigated.
For by firing bujlets which {hall traverfe thefe fcreens,
the flight of the bullet may be traced opt; and it may
eafily appear, whether they do or do not keep in-
varigbly to one vertical plane. This examination
may proceed on three differenr principles, which [
thall bere feparately explain. )

- For firft an exaét vertical plane may be traced oyt
“Upon all thefe fcreens, by which the deviation of any
fingle bullet may be more readily inveftigated, only.
by meafuring the horizontal diftance of its trace
from the vertical plane thus delineated, and by this
means the abfolute quantity of its aberration may be

known.
O if the defcription of fuuch a vertical plane fhould
-be efteemed a matter of difficulty and nicety, a fecond
method may be followed, which is that of refting the
piece in fome fixed notch or focket, fo that though .
the piece may have fome little play to the right and
left, yet all the lines, in which the bullet can be
dire@led, fhall interfet each other -in the center of
that fixed focket; by this meaas, if two different
~ fhot are fired from the piece thus fituated, the hori-
2ontal diftances of the traces made by the two bullets
.8 agy two freens, ought to be in the fame propor-
2ion 10 each other as the refpective diftances of thefe
fcreens from the focket, in which the piece was
laid. Aad if shefe horizontal diftances differ from
shat proportion; then it is certajn, that one of thefe
fhot at leat hath deviated from a wvertical plane,
although the abfolute quantity of that deviation can-
not be hence affigned; becaufe it cannot be known,
what part of it is to be imputed o one bullet, and
what to the other. _
But if the conftant and invariable pofition of the
notch or focket, in which the piece was placed, bg
Vou. L. (0] thought
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thought too hard an hypothefis in this very nice affair;
the third method, and which is the fimpleft of all, re-
quires no more than, that two fhot be fired through
three fcrenes, without any regard to the pofition of
the piece each time. For, in this cafe, if the fhots
diverge from each other, and both keep to a vertical
planc; then if the horizontal diftances of their traces
on the firft fcreen be taken from the like horizontal
diftances on the fecond and third, the two remainders
will be in the fame proportion with the diftances of
the fecond and third {creen from the firft. And if
they are not in this proportion, then it will be certain,
that one of them at leaft hath been defletted from the
vertical plane; though here, as in the laft inftance,
the quantity of that deflexion in each will not be -
known. . :

All thefe three methods 1 have myfelf made ufe
of at different times; and have ever found the fuccefs
agreeable to my expectation. But what I thought
the moft eligible for the experiments, which I pro-
pofed to thew to the fociety, wasa compound ot the
two laft, and the apparatus was as follows; :

On —- , being the firft day appointed for
thefe trials, the weather was unfavourable, and
the experiments on that account more confufed
than could have been withed, though they were far
from inconclufive. But on the next Thurfday two -
fcreens were fet up in the large walk in the Charter-
houfe garden; the firft of them at 250 feet diftance
from the wall (which was to ferve for a third fcreen)
and the fecond two hundred feet from the fame wall.
And at 50 feet before the firft fcreen, or at 300 feet
from the wall, there was placed a large block, weigh-
ing about 2001b. weight, and having fixed into it an
iron bar with a focker at its extremity, in which the
piece was to be laid. The piece itfelf was of a com-
mon length, and was bored for an ounce ball. * It
was each time loaded with a ball of 17 to the pound; .

' I . (fo
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(fo that the windage was extremely fmall) and with
a 3 of an ounce of good powder. The, fcreens were
made of the thinneft iffue paper; and the refiftance,
they gave to the bullet (and confequently their pro-
bability of defleting it) was fo fmall, that a bullet
lighting one time near the extremity of one of the
fcreens, left a fine thin fragment of it towards the
edge entire, which was fo very weak, that it appeared
difficult to handle it without breaking. Thefe things
thus prepared, five fhot were made with the piece
refted in the notch defecribed above; and the horizon-
tal diftances between the firft thot, which was taken
as a ftandard, and the four fucceeding ones, both on
the firft and fecond fcreen, and on the wall, mea- -
fured in inches, were as follows:

, ift fcreen.  2d fcreen.  wall.

1to2 1,75 R = 315 R 16,7 R. .

3 10,0 L 156 L 69,25 L
4 1,25 L 45 L 15,0 L
5 2,05L 51 L 19,0 L

Here the letters R and L denote, that the fhot in
quettion went either to the right or left of the firft.

If the pofition of the focket, in which the piece
was placed, be fuppofed fixed, (and I prefume ne
perfon then prefent conceived during thefe trials, that
it cauld poffibly vary the 1oth of an inch from its
firft ficuation) then the horizontal diftances, meafured
above on the 1ft and ad fcreen, and on the wall,
ought to be in the proportion of the diftances, of the
ift fcreen, the 2d fcreen, and the wall, from the
focket. But, by only looking over thefe riumbers;
it appears, that none of them are in that proportion.
The horizontal diftance of the 1ft and 3d (for in-
ftance) on the wall being above g inches more, than
it fhould be by this analogy.

If, without fuppofing the invariable pofition of the
focket, we examine the comparative horizontal di-
ftances according ta the third methed defcrited

Q2 ‘ above;
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above; we fhall in this cafe difcover divarications

ftill more extraordinary. For by the numbers fet

down it ?pcar.s, that the horizontal diftances of the
tho

2d and 3d fhot on the two fcreens and on the wall are
as under;
1t fcreqn 2d fcreen wall
11,75 18,75 - 85,95

- Here, if, according to the rule given above, the
diftance on the firft fcreen be taken from the diftances
-on the other two, the remainder will be 7, and 74,23
and thefe numbers, if each fhot kept to a vertical
plane, ought to be in the proportion of 1 to 5, that
being the proportion of the diftances of the fecond
fcreen, and of the wall from the firft. But the laft
" number 74,2 exceeds what it ought to be by this
analogy by 39,2. So that between them there is a
deviation from the vertical plane.of above 39 inches;
and this too in a tranfit of little more than 80 yards.

But farther, to (hew that thefe irregularities do
not depend upon any accidental circumftances of the
ball’s fitting or not fitting the piece, there were five
fhots more made with the fame quantity of powder
as before; but with fmaller bullets, which ran much
loofer in the piece. And the horizontal diftances
being meafured in inches from the trace of the firft:
bullet to each of the fucceeding ones, the aumbers
were as under;

" 1ft fcreen 2d fcreen wall
1oz 156R 35,1 R g40R
3 6,4 L 12,75 L. 23,0 L
4 47R 85 R 155 R
5 12,6 R 24,0 R 63,5 R

Here again, on the fuppofed fixed :pofition of the
picce, the herizontal diftance on the wall, between
. the firft and third, will be found to be above 14
inches lefs, than it fhould be, if each kept to a ver-
sical plane.  And like irregularities, though {maller,
occur in every other experiment, And it they are
BN ) - examined
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examined according to the third method fet down
above; and the horizontal diftances of the third and
fourth, for inftance, are compared, thefe on the firft
and fecond fcreen and om the wall appear to be thus;
: it fcreen 2d fcreen . wall

11,1 21,2 38,5

Amd if the horizontal diftance on the firft fcreen
be taken from the other two, the remainders will be
10,15 and 27,4 ; where the leaft of them, inftead of
being five times the firft, as it ought to be, is 23,35

fhort of it. So that here there is a deviation of above
23 inches.

From all thefe experiments the deflexion in que-
ftion feems to be inconteftably evinced. But to
give fome farther light to this fubjet, I took a barrel
of the fame bore with that hitherta ufed; and bent it

* at about three or four inches from its muzzle to the
left, the bend making an angle of 3° or 4° with the
axis of the piece. This piece, thus bent, was fired
awith a loofe ball, and the fame quantity of powder
hitherto ufed, the fcreens of the laft experiment being
fill continued. It was natural toexpe&, that if this
piece was pointed by the general direction of its axis;
the ball would be canted to the left of that dire&tion
by the bend near its mouth. But as the bullet, in pafi-
ing through that beat part, would, as I conceived, be
forced to roll upon the right-hand fide of the barrel,
and thereby the left fide of the bullet would turn up
againft the air, and would encreafe the refiftance’on
that fide; I predited to the company then prefent,
that if the axis, on which the byllet whirled, did not
fhift its pofition after it wag feparated from the piece,
then, notwithftanding the bend of the piece to the
left, the bullet itfelf might be expected to incurvate
towards the right; and this, upon trial, did moft
remarkably happen. For one of the bullets fired
from this bent piece, paffed through the firft fcreen
about 1% inch diftant from the trace of one of the
O3 fhot
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thot fired from the ftreight piece in the laft fet of

. experiments. On the fecond fcreen the traces of the
fame bullets were about three inches diftant, the
bullet from the crooked piece paffing on both fcreens
to the left of the other; but comparing the places
of thefe bullets on the wall, it appeared, that the
bullet from the crooked piece, though it diverged
from the track of the other on the two fcreens, had
now croffed that track, and was deflected confider-
ably to the right of it: fo that it was obvious, that,
though the bullet from the crooked piece might at

- firft be canted to the left, and had diverged from the
track of the other bullet, with which it was com-
pared, yet by degrees it deviated again to the right,
and a little beyond the fecond fcreen crofied that
track, from which it before diverged; and on the
wall was defle¢ted 14 inches, asI remember, on the
contrary fide. And this experiment is not only the
moft convincing proof of the reality of this deflexion
here contended for; but is likewife the ftrongeft con-
firmation, that it is brought about in the very man-
ner, and by the very circumftances, which we have
all along defcribed. ‘

Thefe were the experiments exhibited for the efta-
blifhing of this new doctrine, and which, being per-
formed in this publick manner, and fo generally ac-
quicfced in by thofe, who were prefent, will, I hope,
fecyre me from the harfh and malevolent cenfures,
which propounders” of new opinions are generally
expofed to. This doftrine is, I confefs, of fo-ex-
tenfive an influence, and deftroys fuch a multitude
of theories, projetts, and conclufions, with which
the modern writers on the art of gunnery have
abounded, that it will not be admitted but with the.
greateft caution and difficulty: but after the fuccefs
of the experiments here recited (and they bear but a
-very {fmall proportion to thofe, I have myfelf tried
on the fame occafion) it will not be eafy, I conceive,

' Q.
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to urge any exceptions againft it, that fhall have the
air of validity. And I think, I am fo much mafter
of this fubject, as to undertake the refutation of what-
ever objeCtions fhall be hereafter ftarted upon this
head. I have only now to add, that, as I fufpeQed,
the confideration of the revolving motion of the bul-
let, compounded with its progreffive motion, might
be confidered as a fubjet of mathematical fpecula-
tion, and that the reality of any deflefling force,
thence arifing, might perhaps be denied by fome
computifts upon the principfes hitherto received of
the action ot fluids: to prevent a too hafty dif-
¢uffion of this kind, I thought proper to annex a
few experiments, with a view of evincing the ftrange
deficiency of all theories of this fort hitherto efta-
blithed, and the unexpected and wonderful varieties,
which occur in thefe matters. The propofition which
I advanced for this purpofe being, that two equal
furfaces meeting the air with the fame degree of ob-
~ liquity, may be fo differently refifted, that, though
in one of them the refiftance is lefs than that of a
perpendicular furface meeting the fame quantity of
air, ‘yet in the other it fhall be confiderably greater.

To make out this propofition, I made ufe of the
- machine defcribed in the firft part of this paper, and

having prepared a pafteboard pyramid, whofe bafe
was four inches fquare, and whofe planes made an-
gles of 45° with the plane of its bafe; and alfo a
parallelogram, four inches in breadth and 5% in length,
which was equal to the furface of the pyramid. The
globe P was taken off from the machine, and the
pyramid was firft fixed on; and 21b. being hung at .
M, and the pyramid fo fitted as to move with its
-vertex forwards, it performed 20 revolutions, after
the firft 10 were elapfed in 33”. o

Then the pyramid being turned fo that its bafe,
- which was a plane of four inches fquare, went fore-
O 4 moft;
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moft; it now performed 20 revolutions with the
fame weight in 38/, ‘ :
After this taking off the pyramid, and fixing on
the parallelogram with its longer fide perpendicular
to the arm, and placing its furface in an angle of 45°
with the horizon by a quadrant, the parallelogram
wit/l/x the fame weighs performed 20 revolutions in
431
Now here this parallelogram and the furface of the
_pyramid are equal to each other, and each of them
met the air in an angle of 45° and yet one of them
made 20 revolutions in 33/, whilft the other took
up 43”/3. And at the fame time it appears, that a
flat furface (as the bafe of a pyramid) which meets
the fame quantity of air perpendicularly, makes 20
revolutions in 38//%, which 1s the medium between
the other two; whence the prapofition advanced
above is evinced. ’ :
But to give another proof of this principle, whic
is ftill fimpler; there was taken a parallelogram 4
inches broad and &; long; this being fixed at the
end of the arm, with its longer fide perpendicular
thereto, and being placed in an angle of 45° with
the horizon, there was a weight hung on at M
of 3lb.§, with which the parallelogram made 20
revolutions in 40’/3. But aK:r this the pofition of
the parallelogram was fhifted, and it was placed
with its thorter fide perpendicular to the arm, though
its furface was ftill inclined to an angle of 45° with
the horizon. And now, inftead of going flower, as
might be expected, from the greater extent of part
of its furface from the axis of the machine; it went
round much fafter. For in this laft fituadon it
made 20 revolutions in 35%/%; fo that here were 5”
difference in the time of 20 revolutions, and this
from no ather change of circumftance, than as the
~ larger or fhorter fide of the oblique plane was per-
pendicular
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pendicular to the line of its direCtign. As to the
caufe of this extraordinary inequality ; it is not my
bufinefs at prefent to enlarge, nor have I indeed as
-yet compleated all the experiments, I have projected
on this fubje¢t. However, thus far may be eafily
concluded, that all the theories of refiftance hitherto
eftablifhed, are extremely defettive, and that it is
only by experiments analogous to thofe here re-
cited, that this important fubject can ever be com-
pleated: I fay important fubject; for furely a matter,
on the right knowledge of which all true fpecula-
tions on fhip-building and failing muft necefiarily
depend, cannot but be deemed, in this country at
leaft, of the higheft importance, both to the publick
jntereft of the natien, and to the general benefit of
mankind.

No. IV.



Of the force of fired gunpowder, to-
- gether with the computation of the
velocities thereby communicated to
military projeciles.

L L, that hath been hitherto faid in the
preceding papers, hath principally re-
lated to the refiftance of the air, and.its
effects upon. the motions of military pro-
jectiles.  But the theory of gunnery in-
cludes in it the knowledge of another matter not lefs
important; I mean the theory of the action of fired
powder, and the determination of the velocities
communicated to bullets by its explofion.
And this laft fubject I have formerly treated very
amply ; and as, by all the experiments I have fince
“made, I find no reafon to change my opinion in any
effential point, I fhall here infert the fubftance of this
do&rine in as concife a manner, as I can, together
with fome rules deduced from it for computing the
original velocities of bullets. And this article being
difpatched, I fhall, in a futute paper, proceed to
examine how far the motions of bullets affigned by
the two theories, 1 have delivered, (that of the im-
pulfe of the powder, and that of the altion of the
air’s refiftance) are conformable to the experiments,
which have been made in different places on the flight
of fhells and cannon-fhot.. It is true, very few of
thefe experiments have been conducted with due at-
tention, or have been inftituted with proper views.
However,
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-However, as I have colleted every thing of this
kind, that hath at any time fallen in my way, and, as
I conceive, the comparifon even of the moft irregular
experiments with the theory will be far from dif-

_gracing it; I flatter myfelf, that this examination

will not be totally void either of curiofity or utility.

And, with regard to the prefent paper, I fhall only

mention, that all the propofitions I am going. to

infert, on the action of fired powder, I propol%. to
demonftrate by an experimental procefs, whenever

a convenient feafon will permit me to.exhibit it before

the fociety.

PROP I

Gunpowder fired in any fpace, adts nearly in the
fame manner, as a quantity of air would do, which
was condenfed a thoufand times more than the coms
mon air we breathe; and which, in that condenfed
fRate, filled the fame fpace, that was taken up by the
unfired powder. ‘

The proof of this propofition depends on various
exRerimcnts made on the velocities of bullets, at their
firft iffuing from the piece. It is true, that different
kinds of powder act with different degrees of force;
but we fuppofe the powder here meant to be made
by the government ftandard. I muft add too, that
fome varieties will take place in this propofition, ac-
cording to the different quantity of powder made ufe
of, and the manner in which it is placed. However,
none of thefe things are of moment enough to be at-
tended to in the forming a general theory; though
they may hereafter, in a proper place, merit a mors
particular difcuffion,

PROP IL

- Hence it follows, that the prcﬂ'urc of the powder

on the bullet, grows perpetually weaker and weaker,

as the bullet is farther impelled before it. .
ar
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For as the bullet is impelled forwards, the inflamed
powder takes up more room; and confequently its
clafticity is diminithed. So that, for inftance, if the
charge of powder in 2 twenty-four pounder takes up
one foot of the cylinder, before it is fired, and the
whole length of the cylinder be nine feet;. then when
the bullet arrives at the mouth of the piece, the

wder extends through nine times the fpace, it did
at firft; and confequently exerts but 3 of its original
prefiure; and the longet the piece is in proportion
to the extent of the charge, the more is the action
of the powder diminithed. ‘

PRQP IL

Though the velocity of the bullet conftantly en-
creafes by the preffure of the powder, yet its acce-
leration, in pafling through a given fpace, grows
continually lefs and lefs, as it apyroaches the mouth
of the piece; and this on a twofold account. ' For
both the preflure’ of the powder decreafes in the .
manner defcribed in the laft propofition, and the -
velocity acquired by the bullet renders the attion
of that preflure; in paﬂ'm‘% through a given fpace,
lefs efficacious, for the fafter the bullet moves, the
lefs it is obvioufly accelerated, in paffing through a
given fpace, by the preflure of the powder, which
- tollows it.

PROP 1V,

If the fame piece be fired fucceflively with different
charges of powder, the preffure of thefe different
charges upon the bullet, in" any given part of the
b;rrcl, is nearly in proportion to the quantity in each
charge.

Tiis follows from the analogy eftablifhed in the
girft propofition, between the action of powder and
the aétion of condenfed air; for it is well known, thl:t

the
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the elafticity of air inclofed in a2 givea fpace is ia
proportion to its quantity. :

PROP.-V.

From the laft propofition it follows, that if with
different charges the goullct or fhell be always placed
in the fame part of the barrel (as is the cafe in mor-
tars) then the colletive preflure of various charges
will be as their quantities of powder; and to this
collective preflure the fquare of the velocity of the
bullet will be proportional. But if the bullet be
placed home upon the powder, o that with a fmaller
charge it is\nearer the breech than with a larger; in
this cafe the colletive preflure of the {maller charge
will be fomewhat more than in proportion to its
quantity; for it will act through a longer fpace than
the larger charge; and in this additional fpace, as it
lies contiguous to the firft inflammation, the action
will be moft violent. But it muft be remembered,
that if the difproportion of the charges is very great,
the action of the thaller quantity, from caufes I have
formerly mentioned, may be fo far diminithed, that
the laft mentioned advantage may nat take place.

SCHOLIUM.

From thefe principles all the various effets, that
can arife from varying the quantity of the charge,
the length of. the piece, or the denfity of the buller,
may be geometrically determined; and hence all the
chimerical notions, which have long obtained, in
relation to thefe particulars, are eafily confuted.
For inftance, it is prefumed by rhe greateft part of
the practitioners in artillery, that there is one cerfain
- charge- for every piece, which will communicate to
the bullet a greater velocity than any other charge
either exceeding it or falling fhort of it; and mgnly

trials
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trials have been inftituted for the difcovery of thig -
important maximum: and fome profeflors of note
have lately pretended to aflign this charge, telling us,
that in heavy cannon it is about J of the bullet in
powder, and in fmaller pieces about one half of the
weight of the bullet in powder. But geometers
will know, that in the foregoing principles every
augmentation of powder will encreafe the velocity
of the bullet, unlefs the charge be fo great as to filt
up about } of the cylinder; then indeed an addition
to the charge may diminifh the velocity of the bullet.
* But the quantity of powder thus affigned will in the
fhorteft cannon amount to more, than is ever allotted
for any operation of gunnery: for in a 24 pounder
it will be confiderably more than 30 pound.
~ Again, praltitioners have generally fuppofed, that
in gach fpecies of cannon there was a certain length,
which communicated to the bullet fired from it a
greater velocity, than could be communicated by
cither a fhorter or longer piece; but from the pro-
pofitions inferted above it appears, that this is 2 moft
groundlefs prejudice; notwithftanding the numerous -
trials, which have been inftituted for its confirmation
and inveftigation. For, by attentively confidering™ -
the preceding 3d propofition it appears, that if two
pieces of the fame bore, but of difterent lengths, are
charged with the fame quantity of powder; the
longer piece will, rigidly fpeaking, communicate the
greater velocity to the bullet. However, unlefs their
lengths are extremely difproportioned, the velocities
of their refpetive bullets will differ but little: for -
inftance, if a mufket barrel of common length and
bore, be fired with a leaden bullet, and half its weight
in powder, and if the fame barrel be afterwards thort-
ened by one half, and be again fired with the fame
charge; the velocity of the bullet in this fhortened
barrel will be about ¢ part lefs than, what it was,
when the barrel was entire; and if, inftead of fhort-

- ening
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ening the barrel, it be increafed to twice its cuftom-
ary length (when it will be near eight feet long) the
velocity of the bullet will not be hereby augmented
by more than § part. And the greater the length
‘of the piece is in proportion to the diameter of the -
bullet, and the fmaller the quantity of powder, the
more inconfiderable will thefe alterations of velecity
prove. So that increafing or diminithing a twenty-
four pounder, for inftance, by a foot in length, with
its cuftomary charge of powder, occafions no greater
change than that of % part in its velocity ; whichisa
‘variation much too minute to be afcertained by any of
the trials, which have hitherto been propofed and fol-
lowed for that purpofe.- .

From the above-mentioned principles too, it fol-
lows, that the a&ual velocities, with which bullets .
are impelled from their refpective pieces, are hence
eafily to be afligned, whence their potential randoms,
or their ranges at 45° in a vacuum, may be readily -
known. The geometrical procefs for this purpofe
hath been explained in another place, but is rather
too complicated for this paper; and therefore to en-
able thofe, who may defire the examination of ex-
periments of this kind, to make the neceffary com-
putations; I fhall here lay down fomg pradtical rules
for ‘that end, without entering into their demon-
ftrations. -

RULE L

If an iron bullet be fired with its weight of powder
from a piece fixty diameters in length, its potential
random, or its range in a vacuum, will be nearly
60000 yards; and if the length of the piece and the
quantity of powder be both of them encreafed or di-
minifhed, its potential random will be encreafed or
diminifhed in that proportion. Thus with half the
weight of the bullet in powder, and piece of thirty
diameters long, the potential random. will be 300((;0

yards,
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yards, and with a fourth of the weight of powder,
and a picce of 15 diameters long, its potential ran~
dom-will be 15000 yards.

RULE IL

If a leaden bullet be fired with its weight of pow-
der from a piece of go diameters long, its potential
random will be 60000 yards; aad if both the pow-
der and the Jength of the piece ase together encreafed
or diminifhed in any proportion, the potential ran.
dom will be encrealed or diminithed in the fame

proportion, ‘
RULE IL

And generally, if bullets of any fpecifick gravity
whatever are fired with their weight in powder from.
pieces, whofe lengths bear the fame proportion to 6o
diameters, as the gravity of thefe bullets bears to iron
ones of the fame bulk, then the potential random
of thefe bullets will be likewife 60000 yards; and-
encreafing or diminithing the powder and the Jength
of the pieces together in any ratio, the potentiat
random will be encreafed or diminithed in the fame
ratio. But it muft be obferved, that in all thefe
inftances the bullet is fuppofed to lie clofe to the
powder, without any void between, and the windage

to be the leaft pofiible.
J .

RULE 1IV.

To find the potential random to any given piece,
bullet, and charge, proceed thus: firft find whag
length of piece (eftimated in diameters of the bullet)
and what potential random cérrefponds in the pre-
ceding rules to the given charge of powder, call this
potential random A; then if the length affigaed by

the rule is the {ame with the lengsh of the given piece,
: this
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this number A is obvioufly the potential random
fought. But if the length of the given piece be more
than the length deduced from the rules; then take
. the difference of the tabular logarithms of thefe two

lengths, and multiplying this difference into A (the
logarithm of 10 bcing fuppofed unity) and then add-
ing the refulting pro
H;m:ntial random required. If the given piece falls
ort of the length deduced from the rule, inftead
of exceeding it; then the produ of the difference
. of the logarithms into A muft be taken from A,
and the -remainder will be the potential random
fought. : '

Of this procefs take the following example, ad-
apted to an experiment made by Anderfon. Suppofe
it be required to determine the potential random of a
piece 17 inches long, carrying a five pound iron fhot,
and fired with three ounces of powder.

The powder here is about % of the iron bullet,’
and the length of the piece about five diameters of
the fame ; and by the fecond rule it appears, that a
piece about 25 diameters long, charged with this
proportion of powder, would have a potential ran-
dom of about 2220 yards: but the piece in queftion
being five diameters long, the difference of the loga-
rithms of 5 and 23 muft be multiplied into 2220,
.and the produ&, which is about 780, muft be added
to 2220; becaufe the given piece is longer than the
length deduced from the rule; and their fum, or
3000, is the potential random fought. Where note,
that in thefe computations a fcrupulous nicety ‘is
altogether unneceflary; a rigorous and geometrical
determination being- fcarcely compatible with the-
nature of this fubjci. ' '

Vor.L p " RULE

uct to A, the fum will be the .
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 RULE V.

The former rules being fuited to thefe cafes, where
the bullet is placed home upon the powder, as in
cannon ;. to adapt them to mortars, when a part of
their chamber only is filled, we myft proceed thus.
Firfk find by the preceding rules, what will be the
potential random, 1f the whol¢ chamber was filled
with powder; and then reduce the random. thus.
found in the proportion of the whole chambsr, to
the part of it occupied by the given charge.

SCHOLIUM

. Thefe are all the neceflary rules for computing the.
potential randoms of fliells and bullets; it is true,
that the denfity of powder, and other cafual circum-
ftances, will occafion confiderable varieties; and will
aftentimes render the refult different from thefe. com-
putations; but the irregularities .of this kisd, .are
neither fo great, nor fo frequent, as may be imagiped..
And thofe, who confider the almoft infinite compli-
cation of this fubject, and the ignorance in which the
world has long continued of the force and mode of
a&ion of fired gunpawder, will doubtlefs grant, that
apy. pretence of “exhibiting the velocities communi-
cated to bullets by its explofion, would fome time
fince have been treated as a.chimerical undertakipg ;
and therefore I cannot but conceive, that the firange
apd fcarcely credible coincidence of the computagians’
here given, with the refult of nyumerous trials : made
upder diverfified circumftances,. is a matter well
" meriting attention, and ftrongly confirming the the-
ory here advanced; efpecially as the caufes, which
often render thefe computations lefs accurate, are
fuch, as might be reafonably expeted from the

< N R . T pagite
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mature of the theory to intervene. The circum-’
ftances, in which the trials and the computations’
are- frequently found to differ, being thofe that
follow: - ‘ - " o

Firft; If the quantity of powder’be extremely fmall
in propertion to the fize of the piece, and to the
weight of the bullet to be impelled; the velocity’
communicated to the bulet will fall fhort of the
computation. Thus, for inftance, 2 mufket-bullet,
fired from a common piece with % part of its weight -
in powder; has a velocity near a third paitlefs, than:
it-ouglit to have-by the former rules. = o

"Secomd, If in mortars charges are made uft of, fill-
ing up but a very {mall part of the chamber, in this’
cafe the teal velocity of the fhell will falt'confiderably:
fhort of its computed quantity. As’fbr'inftance, if
iato a‘chamber capable of holding $1b. of powder,’
there:ig'put no mioie than LIb. - the velocity may not’
perbaps be more than half, ‘or ¢venr'a thitd, ¢f ‘What‘:}
1cought to be with a comparifon of the"c'ﬁ'eé\: of larger,
charges. : SRR

“Fhird, And in every cafe a confidetablé Windhgd®
will fenfibly dirinifh the effet of the powdér;' a’h%,‘
au the contrary, #f the touch-hole i§ fmall, and e’
bullet and piece fir very exactly, the ‘effect of the’
powder will be thereby augmented; efpecially in large
charges. So that the potential randoms ¢omputed*
above may be then found perhaps defective, and mag_
peilibly require to be augmented by z fifth or fixth’

L, . L
Iﬁ‘ﬂuﬂl}, There -8 ‘befides fome difference in the’
manher of placing the powder; for the fame qudn-
tity of powder ats rather more violently, when' it
fills up a long cylinder, than when it fills a fhortét -
cylinder, with a larger bafe; at leaft there feems to
be fome advantage in lengthening the chamber, till®
its length is near three times its diameter. In fmall

E P2 quantities



uantities of powder this difference in the form of. 2
amber occafions very confiderable varieties of the
impulfe of the bullet, as hath been formerly fhewn
to the fociety by Mr. Hawyfkbee. But in large quan-
tities of powder, and fuch as bear a great proportion
to the weight of the bullet, 1 conceive the effe& here
meritioned to be of lefs moment.

_ The rules and methods of computation inferted
above, affign only the potential random of the pro-
jetile in yards; but if the velocity, with which the
gg_}c&ilc moves, be required, this may thence be

y found from the common theory of falling
bodies. However, the fhorteft practical method of
determining the velocity from the potential random,
is this. From the number expreffing the yards of
the potential random take away %y of itfelf; then
annexing two cyphers to the end of the remainder,
and extra&ing the fquare root, the refulting number

will be the feer, which the projeiile will move in a
fecond: not differing from tll)\c truth by much more
than % part. And if the velocity was given, and
the potential random was fought; this may be deter-
mined from the fame principle: for multiplying the
feet the body moves in a fecond by itfelf, and adding
to it its 4% part, this fum, when the two laft figures
are cut off, will exprefs the correfponding potential
random in yards.

. And now having delivered the eflential sules for
computing the potential random, and the original
velocity of fhells or bullets fired from given pieces
with given charges of powder; and having in a for-
mer paper given the method of computing the
attual ranges of thefe bodies; I'have hereby com-
pleated all the precepts, which are neceffary for

comparing the refult of any experiment with the
theory.

228 T R ACTS
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And
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And as an example of this comparifon, I pro-
pofe in the next paper to give a detail of a great
variety of experiments, made in various parts of
Europe, together with computations from the the-
ory adapted so them; whence thofe, who enter- -
tain any doubts about the truth and fufficiency
of the doétrine, I have hitherto advanced, may be
furnithed with ample materials for the difcuffion
of their doubts, and may thence, I hope, be fully
" convinced, that the coincidence between thefe di-
verfified trials and the preceding rules can only
arife from the reality and certainty of the principles,
on which thefe rules are founded.

#r

P No. V,



Lo RN )
) .. * B NOv V:c

A comparifon of the experimental ranges
" of .cannon and mortars with the the-

- ory contained in the preceding papers.

=il FTER laying down in the preceding -
sl ‘papers, No. Il and IV. the principles
qig| for calculating both the velocity a bul-
o3| let acquires from the explofion of the
powder, and the diftance it ranges to,
at a given angle, in confequence of the air’s refift-
ance; I fhall now compare the refult of thefe com-
putations with the actual motions of military pro-
jectiles.  And in this comparifon, Ihope, there will
appear fuch a coincidence of theory with experiment,
as cannot be fuppofed to take -place.ip any falfe or
fallacious hypethefis, Efpecially too, as all the ex-
eriments, § fhall here produce, are’fuch, as have
gecn made by others;” many of them long fince
printed, and all of them originally inftituted with
views very different from the fubjet of this effay,
So that it cannot be pretended, 1 have wrefted the
refult of them to make them fuit the better with a
favourite ptepofieiion. .
As it may perhaps be fufpeéted, that the ftrange
coincidence between the trials and our theory, which
on examination frequently takes place in this fubject,
is principally owing to the errors in the different parts
of the theory balancing each other, {o that, for in-
ftance, the foice of powder may be affigned too little,
and the reliflance of "the air o great, or vice verfa:
e R o
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to’ obviate this fufpicion, I fhall firft eftablith the
‘truth of my determination of the force of fired pow-
‘der, by examining the range of fhells projected from
‘large mortars., For in thefe the refiftance of the air
ts'on all accounts of much lefs efficacy than in cannon-
fhot. So that here a confiderable change in the law
or quantity of the refiftance would occafion but flight

-
.

Jalferations in the ranges; and thercfore, if the attual
‘experimented ranges of thefe bodies correfpond to
the quantities affigned by our rules, we may reft
fatisfied, that the real velocity, they acquired from
- the blaft, is'oot very different from what, we have
“alctibed to them; "and confequently, our theory of
the a&tion and -force of fired” gunpowder may be
{afely applied tc ,wifter and minuter projectiles.

Our firft example fhall be of the 13 inch fea-
mortar, containing in its chamber 30 Ib. of powder;
‘thefe mortars are generally in length about two dia-
meters of the bore, independent of the capacity of
the chamber, fo that the whole muft be efteemed
more than 2; diameters. By an extralt from the
‘books of practice kept at #volwich | learn, that this
mortar elevated to 45° ,and fired with a full charge
of powder, throws a fhell of 12} inches diameter
to the diftance of 3350 yards, the fhell weighing
231lb. , ‘ p

3Th\15 thell is nearly % of the weight of a folid iron
bullet of the fame diameter, and the powder is =%
of the fhell; by computing on the principles faid
down in rule the sth of the preceding paper, the
‘potential random will come out very near 5000
yards, and the F will be 3060 yards. But as this
fhell in its flight rifes to the perpendicular height of
about 1000 yards, where the air is rarer by near &
part than below.” On this account the medium re-
fiftance will be' diminifhed by about s part, and
augmenting the F in the fame proportion, it becomes
3264, whence; by the co'rol]hfy of the 2d propgﬁ_— 4
. : P4 , #“on
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tion of our 2d paper, the attusl range comes out
3230, differing from the experiment by no more
than 520 yards; fo that with this prodigious charge
of powder, by far the greateft ufed in any military
projeitile; the actual velocity of the fhell differs but
inconfiderably from what, is afcribed to it by the
preceding theory.

* The fame mortar fired with 261b. of powder, and
clevated to 45° threw its fhell to the diftance of
3100 yards.

Here the potential random by our rules is about
4330 yards, and, retaining the F of the laft exam-
ple, the a&ual range by our computation comes out -
2930 yards, which is fhort of the experiment by 170
yards only. ~ :

At the fame time, that T procured an account of
the experiments from Woolwich, 1 learned, that a
ten inch fhip-mortar elevated to 45°, and fired with
a full charge of powder, which was 121b. threw its
fhell of 96lb. weight to the diftance of 3350 yards.
_ This mortar was above a diameter longer than the
thirteen inch mortar of the laft example, fe that it
cannot be efteemed fhorter than 3,6 diameters; and
. the fhell is about 24 of a folid bullet; whence, com-
puting on the foregoing principles, we fhall find,
that the potential random affigned by our theory is
about 6230 yards, and the F 2057 yards, which,
properly augmented for the diminifhed denfity of the
. atmofphere in the upper part of its flight, becomes
2200 yards nearly, and thence the correfponding
attual range fhould be 3190 yards, which is no more
than 160 yards fhort of the experiment.

The next example fhall be of a thirteen inch mor-
tar for land fervice, being two diameters in length,
its chamber capable of containing above glb. of

wder, and its thell weighing ufually about 200lb.
_ This mortar elevated to 45°, and charged with glb,

10z of powder, thiew its fhell to 2000 yards

diftance. om-

-
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Computing nFon the former principles, we fhall
find the potential random of this fhell to be about
2727 yards, and the F to be 2672 yards; whence
the actual range afligned by our rules is 1980 yards,
only 20 yards different from the experiment.

The fame mortar elevated ftill to 45°, and charged
with 41b. of powder, threw its fhell to 1000 yards.
(diftance. In this inftance the potential random is
about 1200 yards, and the actual range thence comes
out fomewhat more than 1050 yards. So that here
too the experiment and the computation differ but
little from each other.

I have in this manner examined the ranges of
mortars of all diameters, and I find, that unlefs the
charge bears a very fmall proportion to the weight
of the fhell or to the capacity of the chamber, the
computations and the experiments correfpond to a
fufficient degree of exaltnefs; and even in fmall
charges, when proper care is taken to fit the bullet
or fhell to the piece to prevent the exhalation of the
flame, the attual ranges in moft cafes differ but
very little from the computatjon.

From the coincidence of thefe diverfified trials
with our computation, we may fafely conclude, that
the force and mode of action ofy fired powder is nearly
fuch, as our theory fuppofes; and that therefore this
theory may be fately adhered to in determining the

tential randoms of every kind of artillery. For,
in the examples we have exhibited, the refiftance
of the air is of much lefs efficacy than in cannon-fhot:
fo that we cannot err much in deducing, the real
motions of thefe fhells from their experimented ranges.
Having thus therefore, as I prefume, eftablifhed that
part of the theory, which relates to the action of
powder; we will now proceed to the difcuffion of fuch
experiments, as are beft fitted to confirm the other
K:rt relating to the refiftance of the air. This will

beft done by the ranges of cannon-fhot; the exa-
‘mination
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mination of which therefore fhall be the bufimefd of
the remaining part of this effay. L

I fhall begin with thofe recited by St. Remy in
his memoirs of artillery Vol. I. page 69g; where
he tells us, that pieces of cannon of the cuftomary
calibres, all of them 10 feet. in length, pointed
at 45° and loaded with two thirds of the weight
of the bullet in pl%wder, ranged thus.

: taifes.

The piece of 24 | — 2250.
- of 16 ——— . - 2020 -
of 12 4 : 1870
of 8 — - 1660 .

f 1520

according to dﬁ: given length of thefe pieces, and
the diameters of the refpeétive, bullets mentioned
by St. Remy, the potential random in Englgh yards,
and the F corfefponding to each bullet tn French
toifes, are nearly thefe. , . .

Ib. .. Poteatial Random F to each
Pieces of 24 . 30000 yards 825 toifes
16 32400 720
12 34000 . . 650
8 36650 . . 570
40000 - . 450

But before we hence compute the attual ranges
from our thepory, it is ncceffary to obferve, that
thefe fhot at the higheft part of their flight move
in dir having little more than 3 of the denfity of
the lower part of the atmofphere; and therefore the
¥ above affigned to each of thefe bullets ought to
_~be encreafed by ¢ part. When this is done, and the
* potential randoms are reduced ‘on account of the
treble refiftance in the manner formerly explained;
we fhall find the actual ranges deduced from..our
theory to differ but inconfiderably from the experi.
mented ranges given us by St. Remy. This will befy -
appear by the infpection of the fubjoined tabl‘;..

: ieces.

4
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. Pieces.  Experimeated ranges, A&ual ranges. Errors of theory.
. . by our theory, "
"Pounders. Toifes, Toifes, Toifes.
24 2250 + 3255 + 5
16 2020 ° 2100 4 8o
12 1870 1990 + 120
8 3660 1804 + 144
4 1520 - 1558- 4 38

‘St. Remy in the fame place tells us, that pieces
of the fame bore with thofe already mentioned, but
fomewhat fhorter, were tried with half the former
charge, or only & of the weight of the bullet in
powder, and that at 45° of elevation they .ranged
nearly at the fame diftance as the others. How
well thefe experiments correfpond to our theory, let
the annexed numbers declare.

Short pieces fired Bxperinmented AQual ranges Errors of theory.

with § of the ranges, by our theory,
powder only. Toifes Toifes, Toifes.
24 2250 2165 * — 85
16 2020 2020. .0
12 1870 1920 -+ 50
8 1660 1740 - -+ 8o
4 1520 1510 — 10

Our theory is ftill farther confirmed by the trials
made by the French at La Fere in the year 1739, and
at Metz in the year 1740. As manufcript accounts
of both thefe fets of .experiments have cafually fallen
into my hands, I fhall here relate the principal ex-
periments occurring therein. o

The trials at La Fere were made with the ufual
pieces of all the preceding calibres, charged with
various quantities of powder, and elevated to 4°, tg
15° and to 45° The 24 pounder was befides fired
at eight different elevations from 4°to 45°. At Merz
no other piece’ but a 24 pounder was made ufe of;
this was conftantly elevated to 4% and was loaded
fucceflively with different charges of powder from
81b. to 20lb, ' ‘ A’
ool S
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As the trials at La Fere, made at 45° of -eleva-
tion, do not materially differ from thofe recited by
St. Remy, they require not a2 new examination. We
fhall therefore proceed to the experiments with the

- 24 pounder at feven different elevations fhort of 45°.
In thefe the charge was always glb. of powder; the
attual range at each time, and the correfponding
numbers affigned by our theory, may be feen in the
following table. ’ .

Angle of  A&ualrange of 24  Ditto by Errors of
elevation.  pounderat Lz Fere*  our theory, theory.
Toifes, Toifes. Toifes.
.40° 2050 2096 4 46
35 2020 = 2080 <+ 6o
30 1910 2032 -+~ 122
25 18235 1930 -+ 103
20 * 1740 1820 +} 8o
15 . 1675 1620 — 55
4 820 725 — 95

In thefe computations I have made no allowance
for the afcent of the bullet into a rarer air, which
would ftill enlarge the computed ranges, and en-
creafe the errors of the theory. And though even
then the agreement between our numbers and the
actual ranges is much greater, than might be ex-
pected, confidering the variety of thefe trials, and
the uncertainty and irregulasity, which conftantly
intervene in all experiments of this nature; yet I can
venture to predict, that, if thefe trials are repeated
with due care, and neceflary precautions are taken,
the difference between their refult and our numbers
will be ftill lefs, than what ap}xars in the foregoing
comparifon; there being feveral reafons, not neceffary
" to be here difcuffed, which render all, that was done
at that place, lefs proper for the examination of a
theory, than what was afterwards executed at Metz.
But to proceed. 2 o

Thc
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-The next .trials in.order were thofe made at La
Fere with other pieces at different angles. All thefe,
with the correfponding numbers deduced. from . cur
theory, I have comprized in the annexed table: where
I muft obferve, that the fame angle, which in fome
places of the manufcript is denominated 4°, in other
places is prefumed to be 5°.  And if this be allowed,
our numbers, which in thefe fmall angles at prefent .
are defective, will then agree to the trials without
fenfible error.

Picses. Povnds . .Angle  AQual.  A@uil range , Errors of

of elevation,  range. * by theory. theory.

© 7 powder, - - Toifes.,” Toifes. Toifes
16 . 6 15 1780 1540 . 240
16 6 --4 825 -~ 707 - 118
12 4 ‘15 1500 1440 6o
12 4 -4 8z0 - 680 - - 140
8 3 - 15§ 1440 1320 - —120
8 3 4 - 770 650 - —120
4. 2 - 15 1500 - 1200 - —400
4. . 2 6 82 . 78 - - 82

Having now done with the experiments made at
La Fere in 1739, where from the nature and intention
of the trials, and the exceptionable manner—ef fe-
lecting them, a nearer coincidence with a true theory
could pot be expefted: we will next proceed to the
comparifon of thofe made at Mezz the year followings
thefe were executed with much more care and atten-
tion, and are related with more candour and diftint-
nefs; for Here the refult of each trial is fet down;
whereas in the -others the mediums only were given,
and thefe too curtailed according to the fancy of the
relator, The only piece made ufe of, at Merz was a .
24 pounder 10 feet in length, as I have already ob-
ferved; this was loaded with different charges of
powder from 81b. to 20lb. It was conftantly elevated
£0 4°; but as it was placed 78 feet above the plain,
A . ' on
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on which the bullets fell,- this amounts at 2 mediumi

to another degree of elevation; efteeming therefore

the angle to be 5°, the refult of all thefe trials

(which were continued-for three days) is here repre-

* fented, together with the correfponding ranges de-
duced from our theory. :

Pounds Mnd - Ditto by Errors of

of range. our theory. theory,
powder. Toifess Toifes. . Toifes.
8 — 799 =— 836 — .37
— — 844 — — — — 8
—_— — 82y — — = —
— — 887 — e— = — i
9 — q15 — 843 — -} 128
Cobm e QL7 e e = e 9y
o= = 855 +— e e = g2
b e 812 e —— — + 31°
b— = 742 == —— — L 10I
o= s 806 . e + 37
U et 870 el e YA
Y R 27 e TR NPT §
— — 854 — —— — — 11
G e 822 e emeataer ol g
C e — 826 — —. . o1y
-— — 808 = e L 35
e~ = I0I0 — i e e 167 -
— = Q00 == Uk e gy
. — ?83 - == = 1 6o
10 — 834 — 850 ' J 16
— — 872 = e e 22
— = 85I — ——— e — 01
— = 85 — — — L o5
—_— — 8 = — — — 21
— — 838 — ~—— - L 12
i — 837 = 87—~ 4 20.

. Pounds
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. .Pounds " AQual; Dittp by | Errors of
of range. ) our theory, theory, i
" 'powder. °  Toifes. - Toifes. * " ; Toifes. :
’;-‘1-3-—! — ~784,-r.'—- —— - e 73 - ‘
TV (g | e 950&‘...—. eeavets  Gmmm - iy 93.
L— 792':("'— I’-w-é-n.'-—.-n_' + 65
10 bt odaba s ':'830: — e e 27
g2 = 812 ~— s 864 = -+ 53
S ke e ..807--'0:.—-- —— e 57
e 882 et etiediid e - 18
PN i B GG | el ey e B
T M ek BYR e ek e 22
04— -—8'40’.53 — 878 ..'.... 4 38
L —— ‘&48::.'..‘." —— e 30
Vit — 878::.;_..: _— s — o .
= == QFO' == e de o —— 92 :
et (et T 60 —_— ._..._._.".._.. - 8P LI
o By —— 4 g5
%6 ~~ 1000 4+~ 891 — — 109
£ T i --»8'98 —_—— = 97
Sl 970 tem et = 4 9
e e e 83,-5 S b — 56 . »
.\,;.;!.8.; — GO = QOg e = 47
T et e FO0O e Cem == Q7
80— ¥RO0 ‘e— Q6 ww — 184 -
w8y e = 75

*&rom the -iffjeétion of thefe numbers we: midy-
collect the ftrongeft ‘proof of what, we have fre-  °
quently afiferted wpon other oécafiens; ¢ Thae ot
¢ theory differs lefs from the’ expefiments, thar'the!
‘v :experinents 4o from each other” -Since hére, it
the repeated.trials with nine different charges of pow-’
dety “the Jeaft of'31b. and the greateft of 201b. there
isbut-dnt chargeionly, and that repeated but twice,
whare the differesives from the théory fall the fame
way. ' I cherefoieieannot doubr; butiif a like feries of -
tials with, thefe were  made at'much greater ahgltt;;‘
=4 e
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the refult would be altogether as confonant to our
numbers, though it is evident enough from the pre-
ceding table, that little regard can be paid to fingle
trials ; fince in. the two experiments with 20lb. of
powder, the difference in range is 259 toifes, and
with glb. of powder the difference of two fubfequent
ranges is 275 toifes; whereas the theory in no inftance
differs from the medium of any of thefe trials more
than tz 5 toifes. .. Hence I conclude, that ¢ll a num-
ber of trials fhall be made at large angles; it cannot
be determined, whether the great differences, which
occur in the examination of fome of the ranges at
La Fere, are to be imputed to. the theory, or to the
uncertainty and. infufficiency of the trials themfelves.

The trials hitherto conlidered might abundantly
fuffice. for the -confirmation of our principles; but
-before.I conclude this fubject, I chufe, for particular
reafons, to examine the experiments made at #sol-
wich in the year 1736 with 24 pounders of different -
lengths. Thefe experiments were undertaken on a
falfe prefumption, that there was a certain length for
cannon, which enabled the piece to thoot more effi-
cacioufly, than it would do, if it wese either longer
or fhorter. _To determine this proper length, pur-
fuant to this erraneous hypothefis; fix 24 pounders
were caft of  the fame weight, the fhorteft eight feet
long, and the longeft ten feet and a half. Thefe.
were all loaded alike, and were elevated to 7°;, at
which elevation five thot were made with each, and
the. mediums taken; whence an eflimate was pro-
pofed to be made of the effects of thefe different
lengths, and it was from thence decided, that the
pieces of g and g feet long, ranged fartheft.

Before we compare the refult of thefe ranges with
our theory; it will not be impertinent to confute the
fallacious determinations, which have been from thence
-deduced. By our theory the longer pieces ought to -
range fartheft; but the varieties are too minun:_.;o;;
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be afcertained by trials of this kind. . Since .on our
principles the ranges with the pieces g and g} feet
ong ought not to differ by more than 35 yards.
from' the ranges of the fhorteft and the longeft.
And yet two fubfequent trials with the g feet piece
differ from ‘each other 650 yards; and thé medium
of the trials with that piece on different days (for
they were repeated three “days fucceffively) differ
from each other 300-yards. It appears then from
‘hence, that it will be a’ vain attempt to endeavour.
-0 aicertain the effefts of cannon of unequal lengths
by trials of this nature, -‘which on a repetition vary
twenty_times more from each other than the whole
difference by this means propofed to be difcovered.
.But to proceed. S '

" If in thefe experiments the powder was half the
weight of the bullet (which, I conceive, was nearly
_the cafe) the potential  random then to pieces of
and ¢ 5 feetlong, which are the mean lengths, wiﬁ
-be by the theory about 25050 yards, which reduced
on account of the treble refiftance becomes about
16200 yards, and the diameter of a 24 pound fhot
being nearly 5 4nd 3 -inches, F is 1700 yards,
whence the atual range at 7° & is about 24
'yards. And as thefe fhot all fell into. the water,
if "the furface of the water be fuppofed 10 yards
lower than the platform, on which the pieces were
placed, thé range will be augmented ¢ a medium
near 60 yafds. more on thataccount; whence the
whole becomes 2460 yards, which is fufficiently cori-
fonant to the trials; for I .find, that a medium of
all the fhot made with the different pieces was on
one day 2584, and on another day 2524, and on
the third day 2470, where the greateft difference
is on the firft day, and amounts t6. 124 yards;
which, after what has been obferved of the irregu-
larity of thefe trials, muft appear an error too flight
to be regarded. k o
~ Vor. L. Q- - And
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~ And here' I might fafely finifh this examination ;
but as Eldred, our countryman, who, above a hun-
dred years fince, was mafter-gunner of Dover caftle,
hath delivesed in his writings forne trials made in
very unufual pieces with uncommon charges of
powder; I fhall conclude with inferting a few of his
experiments, both to thew their conformity with our
theory, and as a matter of curiofity likewife.

The firft experiments, I fhall relate from him,
were thofe made with a .demi-culverin 10 feet 8
inches long, carrying a2 g pound ball, and loaded
with 71b. of powder. o .

This piece elevated to 10° and having 2° more on
account of the advantage from the height of the clift,
upon which it fteod, ranged to the di?tancq of about
2840 yards. _ )

If the powder ufed by Eldred was of the fame fa-
brick with the prefent governiment powder, the poten-
tial random would be about 38400 yards, which re-
duced for the treble refiftance becomes 18600. And
F being 1200 yards, the attual range at 12° is by
the theory 2820 yards, agreeing with great nicety
to the experiment. _ .

But the moft fingular trials, related by Eldred,
are thofe, he made with what, he ftyles the bafilifk.
This is the long piece well known to all, who have
feen Dover caftle, 'Eldiedtels us, that this piece,
which carries a 101b. fhot, and is 23 feet in length,
was tried by him feveral tiries with a load of 181b.
-of powder, and that at two degrees of elevation, it
sanged 1200 yards, and at 4° it ranged little thort
of 2000, o i o

This piece may be efteemed about 65 diameters in -
Jength, and according to our theory the potential
‘random "with ' 18 1b. “of powder fhould be about
© .84000 yards, which reduced on aceount of the treble
“refiftance becomes 242006 yards, and the Fto a 101b.
fhot being 1240 yards, apq:the actual range at 4° ;-

1 -7 S
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i$ by computation 2080 yards, and the atual range
at 2° about 1130 yards, both of them extremely |
near E/dred’s experiments ; only it muft be obferved,
that in very fmall angles, and very large potential
-randoms the method of redution, we here follow
‘on account of the treble refiftance, will give the
atual ranges fomewhat lefs than their true quantity,

- I muft obferve, that thefe laft experiments, with
the bafilifk, furnifh an inconteftable proof of the
prodigious augmentation of the refiftance in great -
velocities beyond its cuftomary rate; fince from
other experiments I am fatisfied, that this piece, with
-21b. of powder only, or, ; -of the charge given by
Eldred, would have ranged at 4°  to full 1590
yards, unlefs its windage is enormous. So that by
augmenting the charge ninefold, the actual range is
only encreafed in ‘the proportion of 3 to 4. Ner
let it be fuppofed, that in this great charge the
rules for computing the velocity of the bullet, or
~its potential sandom may prove defective, on ac-
count of the immenft celerity, with which the flame
of the powder muft expand ta continue its impulfe
all through the cylinder; let not this, I fay, be
fuppofed, - fince by experiments, which 1 myfelf
‘have formerly made, and which are recited
dnother place; it appears, that in a barrel fimilar
so the bafilifk, but of a fmall bore, a charge of

owder, which filled up % of the piece, and therg- |

ore in proportion to the piece was greater thin
that ufed by Eldred, was not found in its effect to
be . deficient from theory, but rather exceeded it, as
indeed all large charges inftead of falling fhort of
the force to be expeted from them in proportion
to their quantity (which according to the vulgar pre-
poffeflions on this head ought conftantly to happen)
do never fail to receive fome additional efficacy from
their encreafed quantity, beyond what is affigned
by theory ; fo that I do not conceive, the potential

Q2 .- random
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‘rfandom, affigned above to the fhot made with the
"bafilifk, was more than it actually received, unlefs
the powder was inferior: to that ufed at prefent,
whicﬂ, I know not, that there are any reafons to
‘believe. If-then the potential random of thefe fhot
“made by Eldred is nearly of the quantity exhibited
by our computation, or about 84000 yards or 47
- miles; it follows, that its actual range at 4°%, as
“tried by Eldred, is not the feventh part of the poteri-
- tial range at the fame angle.  And its atual range at
-45°% 1 affirm, will be little more than the twentieth
part of its potential random, or its range at the
‘fame angle ina-vacuum; fo prodigious are the effeéts
of the air’s refiftance on thefe ponderous bodies.
~ Thefe are all the experiments I have thought
‘neceffary to infert in the prefent eflay ; not that
they are a tenth part of thofe, T have collected and
computed for my ewn fatisfactien. - I have chofen ‘ex-
f:riments made by others, rather than fuch as have
cen'made by myfelf, that no fufpicion might arife
. ~oF their being unfairly twifted to a concurrence with
“my theory. And I have felefted fuch, as were made
“with. large mortars and cannon; becaufe it hath
‘been urged againft the experiments formerly recited
"in my new principles of Gunnery, that as they were
‘made in very {mall pieces, their coincidence with the
‘theory was no. proof, that in large quantities of
‘powder the fame would take place.

AT be Jollowing trafis alfo bave been never yet

. publifbed, except the fecond, which is now reprinted
“from a copy corretied by the aurbor.

Twl e Practica
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Pra&ical maxims relating to the effects
and management of artillery, and the

flight of fhells and fhot.

H E preceding papers containing the

general principles of the real motions

of projectiles; it might perhaps be ima-

gined, that after the many proofs already

given of the coincidence of thefe prin-

upies wan the actual motions of fhot and fhells of
different kinds, nothing more need be added, in
explanation or confirmation of this new theory. But
as it frequently happens, that the cleareft deductions
are of little efficacy againft the influence of long éfta-
blithed prejudices; I therefore thought it might not
be altogether ufelefs to treat fome of the articles
relating to this fubjeét in a more popylar manner;
as | conceived, they would be more readily confidered
in that form, by thofe, whole prepofieffions would
prevent them from a too laborious attention. And,
as this effay is principally intended to retify the er-
roneous opinions, which at prefent prevail in relation
to the nature and effets of artillery; I thought that
purpofe would be moft efle¢tually an{wered by di-
ftinctly difcufling thofe opinions.and evincing their
falfehood, .and the fallacy of the cxperiments on
Q3 which
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which fome of them are pretended to be founded.
For though the eftablifhing the true ﬂrlnciplcs of any
art by inconteftable proofs may be thought 2 fuffici-
ent confutation of all fuch fuppofitions, as are con-
trary thereto; yet with fuch, as are biaffed by au-
thority, prefcription, and habit, this general argu-
ment is of little moment; it being neceflary for their
convittion (if that be at any time poffible) to enter
into a formal examination of their favourite hypo-
thefis, whatever it be, and to fhew where and in
what manner their conclufions are defective. This
being premifed, we now proceed to our maxims.

MAXIM L

In any piece of artillery whatever, the greater
quantity of powder it is charged with, the
greater will be the velocity of the bullet.

It is vulgarly fuppofed, that the powder, with
which any piece is loaded, fires gradually all the
time, the bullet is paffing through the barrel; and
thence it has been concluded, that there was a certain
charge, which would be juft confumed at the parting
‘of the bullet from the mouth of the piece. This, it
was determined, was the proper charge for the piece
in queftion; and if more powder than this was made
ufe of, it was prefumed, that the added part would not
take fire, and therefore would by its weight diminith
the action of the reft: fo that from this reafoning it
followed, that by augmenting the powder beyond the
fuppofed proper charge, the velocity of the bullet
would be diminithed. And it is ufually imagined -
by the modern artillerifts, that this proper charge
is not more than one half, nor lefs than one third,
of the weight of the bullet in powder. .
_ This is the fubftance of the ufual fpeculations on
the prefent fubjet; every part of which is altegether.
- : crroneous
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erroneous.  For neither does powder fire in the gra-
dual manner here fuppofed (as we have amply de-
monftrated in another place) nor is there any practi-
<al charge fo.great, but that, if it be augmented,
the bullet will be thereby more vehemently impelled.
For, examining a piece of the fmalleft bore in gene-
#al ufe, and which was about 30 diameters in length,
I found, that when with an iron ball and one half of
its weight in powder it was fired againft a beam of
©oak placed ten yards from the muzzle, the bullec
penetrated at a2 medium to the depth of about five
inches; but when fired with three times that charge,
or once and a half the weight of the bullet in pow-
der, the penetration into the fame beam was not, lefs
than 10 inches. I have made many trials of this
kind (for in fmall pieces-there is little difficulty in
repeating them) and I have never failed to obferve,
that increafing the charge, at leaft as far as to twice
the weight of the bullet, always augmented the pe-
netration of the ball into 3 folid body; whence its
augmented velocity is ecafily evinced. And if it is
afferted, that in larger pieces, whofe lengths are lefs
in proportion to their bores, the fame effets would
not take place: I thould anfwer, that if the method
of proving a 24 pounder (the largeft piece in common
ufe) be attended to; the circumftances occurring
therein will be a fuflicient confutation of this aflertion,
For if the heat of the piece, the violence of the ex-
lofion, and the penetration of the bullet into the
utt of earth be examined ; it will prefently appear,
that with the whole weight of the bullet in powder,
or even two thirds of that weight (the ufual quanti-
ties far proof) the velocity of the thot is much greater
than with the cuftomary charges, which are about
half thefe quantities.” Sinee if (as is ufual) the butt
of earth for receiving the balls be but lictle removed
from the mouth of the piece; it will be found, that
the depth, t which the bullet pierces, with the
Q4 proving
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proving charge, will be more than a third part greater
than with the charges commonly allotted for fervice.
Hence then we may conclude, that the fuppofition,
that an augmentation of powder beyond the ufual
quantity diminifhes the effort of the bullet, is in

every inftance erroneous. ‘ '
_If it be demanded, how an opinion, which is to be
thus eafily confuted by fal&ts, which occur in almoft
every day’s-pradtice, could be fo long and {o eagerly
fupported; I anfwer, that the plaufible hypothefis of
the gradual firing of the powder did doubtlefs firft
give rife to it. ~ And when it was once advanced as a
matter of {peculation, there were not wanting thofe,
who pretended to confirm it by experiments on the
ranges of pieces differently charged. What thefe
experiments were, and wherein their fallacy co::{ifted,

we fhall explain more at large hereafter.
- T have, 1in the eftablifhing this maxim, confined
mylelf to the confideration of the charges and pieces
in general ufe. For if a piece be fo fhort, or the
charge be fo great, that the powder takes up about
+ of the whole cavity of the cylinder; then indeed
an augmentation of powder wjll not increafe the ce-
lerity of the bullet, as I have determined elfewhere
¥pon principles too complicated to be here explained.
But this is a cafe, which can never occur in practice;
. and therefore - the confideration of it may be fafely
negletted in difcofling the miftaken opinions of
practitioners. - :

MAXIM I

If twa pieces of the fame boré, but of differ-
ent lengths, are fired with the fame charge
of powder, the longer will impel the bullet
with a greater celerity than the fhorter.

The
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- The fuppefed gradual firing of the charge, dif-
cuffed above, hath been alfo applied to the confider- .
ation of the length of - pieces; whence it hath been
ufually concluded, that there is a certain length,
which; if a piece exceeds, the velocity of the fhot
will be thence diminithed. And fome praltitioners
have determined this length for a 24 pounder, when
fired with half the weight of the bullet in powder, to
be about twenty times the diameter of its bore.
~ As fome of the extraordinary culverins, caft many
years fince, are about 6o diameters in length, and
the fhorteft cannon in general ufe contain no more
than 20 diameters; 1 have therefore examined the
penetration of an iron ball into a block of wood,
when fired from 'a {mall piece,’ which was firft 60
diameters long, and was afterwards reduced to 20
by cutting. The charge was each time. half the
weight of the bullet in powder, and I found, that
with 6o diameters the penetration at a medium was
above half as much again as with 20 diameters.” And
¥ dare affirm, that whoever fhall make thefe experi-
ments with pieces of any bore whatever, will find
‘the refult not'much different ; provided due care be
taken, that the powder be in good condition,. that
the fubftance into which the ball penetrates be: placed:
fo near the piece, that the refiftance of the air may,
occafion but little alteration, and that the {ubftance
ifelf be of a uniform texture. C
 Since then’the old culvering, which are more than
20 feet long, and which from their unfizeable and
unmanageable length have been'long fince laid afide,
do yet impel their bullet with more violence than
any piece of a fhorter fabrick ; it may be fafely con-
cluded, that within the limits of practice there is no
piece fo long, but if its length be augmented, an
addition will thereby be made to the impetuofity
of its fhot; and confequently our maxim may be
fafely adhered to in all practical difcuffions on’ this
S ' fubjc&.
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fubje@. Indeed if the force of the powder, either
by exhaling or expanding, be fo far diminithed,
that it becomes lefs than the refiftance and friGion
of the bullet in the piece; then the piece by being
thortened will fhoot with- more efficacy: but this is
a cafe, that with the cuftomary charges cannot hap-
pen, except the lengths greatly exceed any ever yet
tried. And therefore the confideration of this cafe
would be altogether fuperfluous in fettling the max-
ims, by which the prattice of artillery ought to be

regulated.

MAXIM IIL

If two pieces of artillery different in weight, and
formed of different metals, have yet -their
‘cylinders of equal bores and equal lengths;
then with like charges of powder and like
bullets they will each of them difcharge their
fhot with nearly the fame degree of celerity,

- For as thefe pieces muft be fuppofed of fufficient
~ fubftance to refift the effort of the cuftomary charges
of powder without fenfibly changing their figure; no
good reafon can be given, why they fhould differ ma-
terially in their effeéts.  Since as to their momentary
extenfion during the explofion, and the elafticity,
with which they again reftore themfelves, though
thefe may be different in different metals; yet the -
whole of this inequality is fo fmall, that the variety '
arifing from thence muft be altogether infenfible.
And though the different weights of the pieces is a
circumftance, which in rigour will occafion an affign-
able inequality in the motion of the fhot; yet, as the
celerity of the bullet, from the lighteft cannon ever
made ufe of, is not in fimilar trials defettive by a

hundredth part, from what it-would be in the hea-
. viefts
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vieft; the confideration of thefe niceties may be fafely
neglected in our prefent difquifition. Indeed, in the
cftablifhing of this maxim, I have not relied merely
on fpeculation ; for I have caufed feveral pieces to
be made of the fame bore and length, but of differ-
ent metals, and very different in their weight and
fubftance; and after a number of trials with each, [
have never been able to difcern, that in like circum-
ftances there was any conftant difference in the force,
with which they difcharged their fhot; fo that we
cannot but infift on the truth of the prefent maxim
(at leaft in all practical views) how oppofite foever it
. may appear to many long eftablithed prepofieffions.

MAXIM IV.

The ranges of pieces at a given elevation are no
juft meafures of the velocity of the thot; for
the fame piece fired fucceffively at an inva-.
riable elevation with the powder, bullet,
and every other circumftance as nearly the
fame as pofiible will yet range to very dif-
ferent diftances. . )

The varieties in the ranges of the fame piece with
the fame charge-and elevarion are fcarcely credible to
thofe, who have not been converfant in trials of this
kind. Thefe irregularities are vulgarly afcribed to
the powder, but were that the true caufe, it could
only produce an inequality in the extent of the range;
whereas we frequently find, that, befides a different
length of range, the bullet deviates greatly to the
right and left of the line, in which it was di{charged.
I myfelf have feen a piece fired with great care in an
invariable pofition; and yet two fucceffive fhot of it
have flown in diretions, which on the horizontal
plain made an angle with cach other of above fifteen
degrees. . MAXIM
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MAXIM V.

The gteateflt part of that uncertainty in-the
" ranges of picces, which is defcribed in the

preceding  maxim, can only arife from the
. refiftance of the air.

. For as it appears, from what hath been already
ebierved, that the bullet, after it is feparated from
the piece, is frequently defieéted to the right and left
of its original direftion; there is no other power
known but the refiftance of ‘the air, to which this
. effect can be imputed. '

MAXIM VL

The refiftance of the air ats upon projectiles in
a twofold manner ; for it oppofes their motion,

" and by that means continually diminifhes their
celerity; and it befides perpetually diverts

~ them from the regular courfe, they would
otherwife follow ; whence - arife thofe devia-
tions and infle@®ions, of which we have been
juft now treating.

The reality of thefe affertions will be evinced in
the difcuffion of the following maxims.

MAXIM VIL

That action of the air, by which it retards the
motion of projectiles, though it has been hi-

* therto negle¢ted by the writers on artillery,
"is yet in many inftances an immenfe force;
and hence the motion of - thefe refifted bodies
is totally different, from what bath been gene-
rally {uppofed. The
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. .- The cheorifts, who have endeavoured-to apply the
{cience of motion to;the fubject of artillery, have ufu-
ally premifed, that the refiftance of the air to thells
and cannon-bullets was fo finall in, prepertion to the
weight of thofe bodies, that their motions were not
fenfibly affeted by it.. Hence it was-cancluded,. thar
the track defcribed by military. projectiles was. the
curveof a parabola. And hence too rules were givea
for afligning their ranges at any angle of .elevatjons
provided the velocity, they were diftharged. with,
was known. As-thefe rules are undoubtedly true,
fuppofing the refiftance of the air to be infenfible; I
-congeived the beft method of examining, how far this
{uppofition might be relied on, was to compare thofe
rules with the attual ranges of cannon apd mortars.
And-in making experiments with this view I found,
that though in the ranges of fhot difcharged with
{mall charges, and confequently with minute-degrees
of celerity, the effets of the air’s:refiftance were not
confiderable; yet by augmenting the charge, and
thereby increafing the velocity of the projectile, the
action of the air cthereon. became moré and more vi-
gorous. And to cannon-fhot difcharged with their
‘cuftomary allotment of powder it’amounted to an
almoft incredible force. 1 find, for inftance, that,
when a 24 pound fhot is impelled’ by its ufual charge
of powder, the oppofition of the air-is equivalent
to at leaft 400 Ib. weight, which refards the mo-

_ tion-of the bullet fo-powerfully, that, ‘if it is fired
at 45° elevation, its range is not a fifth part of .what,
it would be, were the réliftance of the air prevented.
In lighter and fmaller fhot this is ftill more obferva-
ble; for I have made many experiments with a
wooden bullet fired at 45°, where, inftead of 15000
Kards, which it would have flown in a’wdcuum, it

as not actually ranged to 200 yards;-fo that the
refiftance has .taken away feventy-four parts in fe-
venty-five of the whole range.. . .. »
£

R R
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It is fufficiently evident, that the fwifter the pro-
jettile moves, the ftronger the refiftance alts againf¥
it; and on a nicer examination it will be found,
that to a doable. velocity there ‘will be -nearly four
times the refiftance, and to three- times the veélocity,
nine times the refiftance, and fo' on. But then this
rule muft not be éxtended to. the comparifon -of the
refiftances of two: velocities, one of which is lefs,
and the other greater than that of 1200 feet in a
fecond ; for I find, that to velocities exceeding this
laft-mentioned ; the refiftance is three times as great,
as would come out by a deduction, from what takes

lace in flower motions. - And as wé fhall hereafter

nd, that many of the extraordinary effefts of artil- -
lery, which Have given rife to much conteftation,
are the natural confequences’ of this fudden trebling
of the refiftance ;- we therefore think it expedient to
infert the fubftance of whar, we:have lere obferved,
amongft our maxims,- and have framed the two fol-
‘Jowing ones for that purpofe. : :

- MAXIM VIIL

[This retarding force of the air aéts with different
.. degreesof violence, according as the projectile
.. moves witha greater or lefles velocity; and the
. - refiftances obferve this law: that to a velocity,
- . which is double another, the refiftance (within
- "certain limits) is fourfold, and:to a treble velo-
", city, ninefold; and fo on. - ,
: MAXIM IX I
But this proportion between the refiftances to
- two different velocities does not hold, if one
<. of the velocities be lefs than that of 1200 in
" a fecond, and the other greater. For in that

cafe the refiftance to the greater velocity is
near
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néar three times as much, as it would come
" out by a comparifon with the {maller, ac-

cording to the law -explained 'in the laft
v maxim. : ’ :

The proof of the two laft maxims deperds upon
experiments, which 1 have defcribed :in another
place 5 but which require an ampler difcuffion than
fuits. with the nature of this effay.

In the fame differtation, where thofe experiments
are confidered, I have alfo thewn, that the refiftance
on a 12 pound iron (hot moving with a -velocity
of 25 feet in a fecopd is equivalent to about i an
‘ounce avoirdupoize; from whence by the help of
the two preceding maxims the quantity of refiftance
on any fhot or fhell moving with 2 known velocity
is eafily affigned. For inftance. if the 22 pound
bullet moves at the rate of 100 feet in a fecond

“(that is four times 25), its refiftance will be 16
. times half an ounce, or half a pound. And if it
moves at the rate of 1000 feet in a fecond,” which
1s fo times.the laft velocity, its refiftance” is 100
times as. much,.or 50 pounds.. But if the velocity
be that of 2000 fect in a-fecond, or twice the laft;
then its refiftance, inftead of being only four times
as much,. or.2oo pounds,. is. rreble that’ quantity, -
or equivalent to 600 pounds. - - . -
~-If the bullet or fhell be of any fize whatever, the
refiftance thereon is -eafily .deduced from- the pro-
rtion -of its furface to_that of a 12lb. fhot. For
two fhells. or bullets moving with equal velocities
are always refifted in the proportion of their furfaces.
S MAXIM X
To the extraordinary. power exerted by the re-
. fiftaneeof theair itis owing, that, when two
! ‘ : pieces,
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. pieces of different bores are difcharged at the
- fame elevation, . the'. piece of the larger bore
ufually  ranges fartheft, proyided they are
both fired with fit bullets, and the euftomary
allotment of powder.
The matter of fact contained in thjs maxim can-
not have efcaped the notice of any ¢ne the leatt
converfant in the practice of artillery; it being ob~
vious even to the moft incurious obferver.. Thus a
‘24 pounder loaded in the cuftomary manner,-and
clevated to 8°, ranges its bullet, at 2 medium, td
~about a mile and a half; whereas a three-pounder,
which is' of half the diameter, will in the fame cir=
cumftances range but little more thana mile. ‘And
the fame holds true in other angles of elevation ;
though indeed ' the -more - confiderable the angle of
-elevation, the greater is the inequality of the ranges:
Now this diverfity in'the ranges of unequal bullets
“cannot be imputed to any difference -in their velo«
cities; fince when loaded alike they até all-of them
difcharged with nearly the fame célerity" but it is
to be altogether afcribed to the different fefiftances,
they undergo during their flight - through the -air,
For though the 24 potnd thot, for"inffance, has
four times’ the furface, and confequently’ four times
the refitance of the ‘3 'pound fhot; °yét as it has
8 times the folidity, the whole retarding force,
which arifes from the comparifon of the refiftance
with the matter to ‘be-moved, will bé but “half as
much in'the 24 pounder-as in the 3 pounder. And
thus it -will-always happen (whatever be' the fize of
the bullet) that the retarding force of the air on the
lefler bullet will Qﬁ eater ‘thap the retarding force
on the larger in the fame proportion, as the diame-
ter of the larger bullet is'greater than the:diameter
of theleffler.  Now fince, trom what'we have already
. ~ . thewn,

)
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ﬁ;cwn, it-may appear, that the range of fhot at an
elevarion is much more influenced by the quantity
-of its refiftance, than by the velocity it is difcharged
with; it is not to be wondered at, that a 24 pound
fhot, being but half as much retarded as a 3 pounder,
fhould range confliderdbly farther. :

MAXIM XL
The greateft part of military proje@iles will af
the time of their difcharge acquire a whirling
motion, round their axis by rubbing againt
the infide of their refpective pieces; and this
whirling motion will caufe them to ftrike the
air very differently, from what they would
do, had they no other but a progreffive mo-
tion. By this means it will happen; that
the refiftance of the air will not always be
directly oppofed to their flight; but will
frequently a& in a line oblique to their courfe;
and will thereby force them to deviate from
the regular track, they would otherwife de-
feribe. And this is the true caufe of the
irregularities defcribed above in maxim IV.’

That bullets muft in general acquire a whirling
motion on their difcharge, will not, I prefume, be
difputed.  And, that this whirl, by combining with
their progreflive motion, will occalion the action of
. the refiftance 10 be oblique to their direttion, is
evinced by experiment. For if any pendulous body

be made to revolve about the line, to which itis

fufpended, (which may be! effected by various ‘me-

thods) fuch a pendulum will in its vibration always

 deviate from the direttion originally given to it.
And the deviation will conftantly incline to that

Vot. L. R hand,
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hand, towards which the revolving motion tends.
The fame is vifible in tennis-balls, where they are
‘made to revolve round their axis by an oblique ftroke
of the racket; and in mufket-fhot the defle@ion
arifing from this caufe is frequently fenfible even in
the diftance of 100 yards, as I have fufficiently
evinced in one of the preceding papers. Indeed
in both mufket ‘and canron-thot it is impofifible to
forefee, to what quarter the deflection will tend ; fince
it is impoffible to predict, what will be the pofition
of the axis, round which the bullet will turn. For
from- the irregularity in its friction, before it gets
clear of the piece, it is not reafonable to expect, ‘that
any two fhot, though difcharged from the fame piece,
thould revolve in the fame manner. Not to men-
tion that probably the axis of revolution frequently
fhifts its pofition during the flight of the fhot.
Hence we may upon the whole conclude, that the
greateft part of fhells and bullets are perpetually
deviating from their regular track in confequence of
their whirling motion ; yet neither the tendency nor
quantity of this ‘deviation can in general be deter-
mined beforehand ; nor will the niceft repetition of
{imilar experiments produce any refemblance in the
- circumftances of thefe irregularities. ‘

MAXIM XIL

From the fudden trebling the quantity of the
air’s refiftance, when the projectile moves
fwifter than at the rate of 1200 feet in a
fecond, (as hath been explained in maxim IX.)
it follows; that whatever be the regular range
of a bullet difcharged with this laft-mentioned
velocity, that range will be but little increafed,
how much foever the velocity of the bullet
may be flill farther augmented by greater
charges of - powder. ' For
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For by the extraordinary reinforcement of the
refiftance in all velocities furpafling that of 1200
feet in a fecond, the motion of the bullet, how
fwift foever it be, is foon reduced to this laft-
mentigned rate. I find for inftance, that a 24
powad fhot, when difcharged with a velocity of
2000 feet in a fecond, will be reduced to that of
1200 feet in a fecond in a flight of little more
than 500 yards And yet with the greateft of
thefe velocities, the bullet will range farther than
with the leaft by above fifteen miles, fuppofing
both fhot to be fired at 45° and neither of them
to be impeded by the refiftance of the air. Now
as the velocity of 2000 feet in a fecond is much
greater, than what a 241b. fhot receives even from
two thirds of the weight of the bullet in powder;
and the velocity of 1200 feet in a fecond may be
produced by little more than a fourth part of the
charge; it appears from hence, how fpeedily all the
additional celerity is taken away, which ariles from -
the utmoft reinforcement of the charge béyond that
of afifth or a fixth of the weight of the bullet in
powder. Whence as any excefs in the velocity of the
projectile above that of 1200 feet in a fecond is thus,
precipitately deftroyed by the refiftance; it is eafy
£o conceive, that the regular range of a bullet. fired
Aat any confiderable angle with the greateft charge

flible, will but little exceed the range of the fame
E(t;llct, when fired with a fifth or fixth of its weight
in good powder. I find, for inftance, that the re-
gular range at 10° of a 24 pounder, fired with 24 1b.
of powder, will not exceed the range of the fame
piece at the fame angle, when fired with only 5lb.
of powder, by more than 500 yards; the whole range
being above 30003 fo that with charges in the pro-
portion of 5 to 24 the ranges are only as 5 to 6.
And this not from any defect of the action of the '
powder in the larger charge, but folely trom_ the

. R 2 extra-
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extraordinary ation of the air’s refiftance. In fmaller
pieces fired with charges in thefe proportions thé
ranges approach yet nearer to an equality, ftill pro-
vided that the ranges here underftood are thofe,
which I denominate regular, or fuch as would be
deferibed by the bullet, fuppofing it uninfluenced by
the action of that defle@ing force, which is the fub-
Je& of the eleventh maxim. What varieties this

force will give rife o, we fhall now proceed to con~
fider.

MAXIM XIIL

If the fame piece of cannon be fuceeffively
fired at an unvariable elevation, but with
various charges of powder, the greateft charge
being the whole weight of the bullet in
powder, and the leaft not lefs than the fifth -
of that weight; then if the elevation be not
lefs than 8° or 10°, it will be found, that
fome of the ranges with the leaft charge will
exceed fome of thofe with the greateft.

For we have feen in the laft maxim, that at 10°
of elevation the difference between the regular ranges
of a 24 pounder: with thefe: very unequal charges
amounts to but about 500 yards. Now the ranges,
‘with the fame charge, and every. circumftance as
near as poffible the fame, will at an elevation of 10°
-vary fometimes 6 or 700 yards from each other, in
confequence of the deflective force difcufied in the
cleventh maxim. And as the defle¢tive force may
~cafually augment the range with the finalleft charge,
and diminith the range with the'greateft charge; it
is evident, that the fmaller charge may in thefe cir-
.cumftances confiderably outrange the larger, not-
withftanding the much greater force, with which the
larger charge impels the bullet in the explofion.

. ' R MAXIM



Or GUNNERY. 261

MAXIM XIV.

If two pieces of cannon of the fame bore, but
of different lengths, are fucceffively fired at
the fame elevation with the fame charge of
powder; then it will frequently happen,
that fome of the ranges with the fhorter
piece will exceed fome of thofe with the
longer. '

For the fhorteft piece of cannon I have yet feen
being not lefs than 15 diameters, and the longeft
{carcely exceeding 60 diameters; the difference of
the velacities of two fhot difcharged from thefe
pieces with any of the cuftomary charges of powder,
will amount to but little: more than a fourth of the
greater velocity. And we have feen in the laft
maxim, that when the difference of velocity was
much greater than this; yet the action of the whirl-
ing force by prolonging one range, and contrat-
ing the other, has occafioned the flower bullet to be
proje&ted to the greater diftance. . -

And hence it may be concluded too, that if the
longer piece be allowed a greater charge of powder
than the fhorter; yet the fame effe¢t will follpw,
provided the velocities produced by thofe charges
are within the limits defcribed in the preceding
maxims ; that is, provided the charge of the fhorter
be not lefs than one fourth of the weight of the
bullet, nor the charge of the longer more than the
whole weight of the bullet. The truth of this prin-
ciple I have frequently experienced, particularly in
a comparifon of one of the fhort fix f’oundcrs lately
caft at W oolwich, with a fix pounder of the old fabrick
of four times the weight and near twice the length.
For thefe being both elevated to 11°, and the fhorr
IR ' R3 piece
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piece loaded with 1lb;. of powder, and the long
piece with 31b3 it was found, that the fourth fhot
of the fhost piece ranged 2432 yards, whilft the
firft fhot of the long piece ranged only 2422 yards,

and the third fhot from the fame picce no more than
2070 yards.

MAXIM XV.

In diftant cannonadings the advantages arifing

from long pieces,and large charges of powder,
are but of little moment.

" 'The truth of this maxim may be eafily deduced
from the precedipg obfervations ; as it thence ap-
pears, that neither the diftance to which a bullet
flies, nor its force at the end of its flight, afe
confiderably increafed by very great augmentations
of the velocity, with which it is impelled “frotii the
piece. ' )

MAXIM XVL

In firing againft troops with grape fhot, it will
. ‘be found, that charges of powder much lefs

~ + than thofe generally ufed, are the moft ad-
" vantageous. ‘ ‘

For grape’ fhot fired with large charges are difs
perfed from their intended dire€tion, and the’greateft
part of them loft; whereas with fmall charges they
fly fteadily and clofely, and by that.mieans make
much greater ravage amongft the troops they are
fired againft. “For it muft be remembered with re-
‘gard to the force of the bullets ; that charges of
powder, extremely minute, are yet fufficient to'impel
either round or grape fhot with morte violericé, than .
is neceflary for giving 2 mortal wound. = =
' X MAXIM
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MAXIM XVIL
The principal operations, in which large charges
of powder appear to be more efficacious than
fmall ones, are the ruining of parapets, the
difmounting of batteries covered by ftout
merlons, or battering in breach. For in all
thefe cafes, if the object be but little removed
from the piece, every increafe of velocity will
increafe the penetration of the bullet.

- This (after what has been faid above) needs bug
little explanation. I fhall only obferve, that if the
picce in queftion be 4 or 300 yards diftant from the
object, then a reinforced velocity will fcarcely pro-
duce any fenfible augmentation in the depth, to
which the bullet penetrates. Or if the objet be
near the piece, but the parapet i§' fo thin, as to be
.pierced through its fubftance by a bullet fired with a
{mall charge, in that cafe a larger charge or a greater
velocity, inftead of increafing the effect will diminifh
it. For the ravage occafioned in a folid body by a
bullet, that paffes through it, is always greateft,
when the bullet juft lofes its motion at the laft fur-
face of the body. This is moft evident in firing
againft butts of wood or the fides of fhips; for there
the buller, which has but juft force to get through,
generally breaks and fplinters the laft furface, and
drives great fhivers before it; whereas if it moves
with much more force, and has thereby a confider-
able velocity left, after it has paffed through; the |
penetration will be generally no more than a hole,
which is in great meafure clofed up too by the
fpringinefs of the wood.

R 4 MAXIM

-
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MAXIM XVIIL

Whatever operations are to be performed by
artillery, the leaft charges of powder, with
which they can be effected, are always to be
Prcferred. o

For all addition to the charge, beyond what is
fufficient for executing the purpofe in hand, is:not
pnly an unneceffary wafte of powder, but is attended
befides with much more important difadvantages,
fince hereby the piece is heated, and ftrained, its
recoil becomes more violent, its carriage labours
more, and is more liable to be difordered; whence
-the piece is frequently filenced. And at beft its
fervice is much f{lower, than it would be with a
fmaller charge. If, befides thefe inconveniencies, it
be farther confidered, that the effect of the bullet is
trequently diminifhed by augmentirg its velocity;
it fhould feem, that the juftnefs of our maxim was
Jiable ‘but to little conteftation. But to leave no
room for doubt in a precept fo much oppofed to the
.modern practice, we will difcufs it ftill more circum-
ftantially. :

The principal employments of artillery are the
cannonading of troops either at diftance or near at
hand; the firing againft fhips; the ruining of de-
fences, or ‘the battering in breach. Now we have
already fhewn, that in diftant cannonadings large
charges {carcely range farther than fmaller. We
- have alfo feen, that in firing againft troops within
the reach of grape-fhot, {mall charges are the mioft
-efficacians.  And in. firing againft fhips, we have
pbferved above, that the charge, which is juft fuff-
cient to impel the bullet thsough one fide only, i
more nufchievous to the veflel and deftructive to the
o 22 erew
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crew than a larger charge, which fhould drive the fhot
through both.  Hence then the ruining of defences,
and the battering in breach are the two only opera-
tions, where jt can be pretended, that Jarge charges
are of ufe; but even thefe operations, when exe-
cuted, as they frequently are, at 4 or 500 yards di-
ftance, receive but little advantage from very great
augmentations of powder. And fince both the para-

ts of all fortified places, and the mafonry, which
ace their ramparts, are often ruined at thefe great
diftances, where the influence of the largeft cha
is confiderably abated; it appears moft advifeable
to avoid the inevitable inconveniencies of large
_charges, how near foever the battery may be to the
place. For though with lefs powder the penetration
may be fomewhat diminifhed’; yet the fecurity and
difpatch in the. fervice of the pieces will more than
compenfate for that deficiency, and will be found,
upon the whole, the moft fpeedy and effe@ual
practice. ~

MAXIM XIX. '

Hence then the proper charge of any piece of

- artillery is not that allotment of powder,

which will communicate the greateft velocity

to the bullet (as moft practitioners have hi-

therto maintained) nor is it to be determined

~ by an invariable proportion of its weight tp

the weight of the ball; but, on the contrary,

it is fuch a quantity of powder, as will pro-

* duce the leaft velocity neceflary for the pur-

pofe in hand; and, inftead of bearing always

a fixed ratio to the weight of the bullet, it

muft be different according to the different
bufinefs, which is to be performed.

This

/
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This maxim, 1 prefume, will not be controverted
by thofe, who have attentively confidered, what
hath been already advanced. But as it may be ex-
pected, 1 fhould give a more explicit determination
of what, I deem the proper charges of pieces in dif-
ferent circumftances; I fhall here difpatch that mat-
ter with as much diftinétnefs, as I can. Obferving
firft that the powder, of which I at any time fpeak,
is fuppofed to be made by the government’s ftandard,
of good materials, and to be in good condition at
the time of ufing. And next that the windage be
moderate; otherwife fome addition muft be made to
the charges affigned in the following maxim, -

MAXIM XX

No ficld-piece ought at any time to be loaded
- with more than %, or at the utmoft %, of the
weight of its bullet in powder: nor fhould
the charge of any battering piece exceed £
of the weight of its bullet.

For if 'field-pieces of ‘the cuftomaty length are
lodded with ; of the weight of the ball in powder, I
find this charge will communicate to the fhot a
wvelacity nearly approaching to ‘that of 1200 feet
in a fecond; provided the windage be moderate;
‘which indeed in the greateft part of the modern
pieces is exorbitant. , Hence then, on .our former
principles, no greater charge fhould be allotted to

-any field-piece.  And indeed when fmall grape are
"~ made.ufe of, this is too much; for then even the
half of it is fufficient; in firing againft fhips the
powder ought never to exceed ; of the weight of the
.ball.  For I haye experienced, that an 18 pounder,
‘with only 3lb.; of powder, will traverfe a butt of
the ftoutelt foundeft oak, whofe thicknefs does no‘;

excee
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éxceed 36 inches. It remains then only to confider,
what is a proper charge for ruining defences and bat-
tering in breach. And here I am confident, both
from trials of my own and from the experience of
others, that } of the weight of the bullet in powdet
is fufficient for piercing the ftouteft mafonry, with
which any ramparts are faced, and though each thot
feparately examined will be lefs forcible with this
proportion of powder than with double the quantity
(which is the charge recommended by many artille-
rifts) yet the promptitude and facility of the fervice
will be fo much greater, that the effet of -a day’s
battering will be more confiderabie with this charge
than with any larger quantity of powder. Having
thus difpatched the inveftigation of a proper charge;,
let us now examine the grounds, upon which fome
Tate artillerifts have pretended to eftablith principles
“direétly contrary to thofe, we have here advanced.

MAXIM XXI

Although precepts very different from thofe, we

- have here given, are ufually advanced by
arfillerifts, and are often faid to be deduced
from experience; yet is that pretended ex-
perience altogether fallacious; fince from our
doCtrine of refiftance eftablithed above, it
follows, that every fpeculation an the fubject
of artillery, which is only founded on the
experimented ranges of bullets difcharged
with confiderable velocities, is liable to great

. uncertainty.

‘For we have feen, that, when the velocity of the
bullét exceeds that of 1200 feet in a fecond; there
will then correfpond but veryfmall differences in the

2 ‘ ‘ - regular
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regular ranges to very great differences in velccity,
And even thefe fmall differences cannot be collected
with any kind of accuracy; fince the regular ranges
will frequently undergo much greater changes from
the action of the defleGtive force, than the whole
 of thofe differences amounts to. And let it not be
fuppofed, that this inconvenience can be prevented
by making a number of trials and taking the medium
of them; for the irregularities in the repetition of
fimilar trials are fo very great, that the medium it-
feIf will vary confiderably each time, that a new fet
of the fame experiments are examined; and the in-
equality hence arifing will often greatly exceed thofe
differences, which thefe mediums are intended to
inveftigate. As an inftance of what we have ad-
vanced, we will here infert a fet of trials made at
Woolwich in the year 1736, when fix 24 pounders
were caft of nearly the fame weight, but of different
lengths. Thefe were all loaded with the fame charge,

. and were all elevated to 7°;; the length of each
piece, and the medium of the ranges made with them

: onblthrec different days, may be feen in the following
table: ' ' :

Logh Juedh o e
pieces. five ranges, three ranges. three ranges.
Feet. Yards. Yards, Yards.
10; 2486 2614 2406
10 2570 2532 2436
9t - 2633 2560 2500
9 2790 2494 2563
8% 2586 2499 2466
8 2438 2473 2452

Here it appears, that the medium of the ranges
with the fame piece is different on different days:
and this not the fame way in all;. but fome of them
are arger, when others are lefs, And this difference

: in

1
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ifi the piece of g feet amounts to 296 yards, and in
none of them, except the laft, falls fhort of 120
yardse Now from principles; we have explained
more at large in another place, it follows, that the
greateft inequality between the ranges of the longeft
and fhorteft of thefe pieces, fuppofing the fhot to
follow its regular track uninfluenced by the defle¢ting
force, will be fcarcely 70 yards: hence then it is evi-
dent, that thefe trials are altogether infufficient for
inveftigating that inequality ; fince éven the mediums
themfelves vary by above four times as much, as
the whole of it amounts to. .

Ir might have been expeéted; that a bare view of
© thefe ranges, as they are inferted in the preceding
table, might have evinced the impoflibility of de-
ducing any certain principle from fuch difcordant
trials. . But the force of prejudice was fo great, that
‘it was hence concluded, that the pieces of 9 and g1
feet in length carried their fhot the fartheft; and
thence it was prefumed, that thofe were the proper
lengths of a 24 pounder, and that, whatever piect
was either longer or fhorter, was on that account
lefs perfe&t, and impelled its fhot with lefs violence.
Indeed, as thefe cannon were caft on purpofe to in-
veftigate, what were the proper lengths of pieces;
it might not perhaps have fuited the great apparatus
of  the inquiry, nor the digpnity of the inquirers, to
have acknowledged after all, that by the methods,
they purfued, the queftion could never be brought
to a decifion. -
About three years after the experiments, I have
_ juft mow recited, the fame method of examination
was profecuted in France with regard to the proper
charges of pieces. And here again, by firing the
fame piece at a conftant elevation, but with difterent
charges of powder, it was pretended to be deter-
mined, that in moft pieces, about a third of the
yeight of the bullet in powder was the proper charge,
. or
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or the charge producing the greateft velocity. Of
thele trials 1 have feen a manufcript account; but
the author has given only the mediums of the ranges ;
and he informs ys at the fame time, that he firft re-
- je€led thofe, which appeared greatly irregular, though
mhat thole irregular ranges were, be has not told us.
By methods like thefe all thofe falfe perfuafions, which
we have bitherto combated, have been greatly eoun-
. gemanced; for the inequality of the ranges in the
repetition of like srials being (as we have feen) fo
confiderable: it was always in the power of a preju-
diced artillerift to urge experiments in defence of his
faveurite hypethefis; fince by neglecting thofe trials,
awhich were inconfiftent with his opinion on pretence
of their irregularity; it was not difficult, amidft the
great variety of rasges, which asife from the repe-
titipn of the fame experiment, to find fuch, as would
agree to almoft every notion, that hath at any time
begn ftarted upon this fubject of artillery.

; It may perhaps be urged, that I.myfelf have in
.other tratts compared the experimented ranges of
ﬁoje&iles with the deductions from my theory, and
have urged their general agreement as a confirmation
of the juftnefs ofg my principles. And to this I an-
{wer, that, I conceive, [ have eftablifhed my theosy
upon more certain experiments; and that the only
ufe, I make of the ranges of projectiles difcharged
‘with great velocities, is to fhew,’ that they are more
-confonant to my doctrine, than they are to one an-
other; and though the mediums of the ranges of
thofe projectiles are not exact enopgh to evince the
-variation in the force of a fhot arifing from a fmall
change in the length of the piece or in the charge;
yet are they fufficient to fhew the prodigious defalca-
tion of the range by the refiftance of the air, and to
decide nearly, whether the law and quantity of that
refiftance be rightly determined by us or not.

Upoa
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Upon the whole then, as the writers on artillery
in their fpeculations on the moft eligible lengths of
pieces, the proper quantities of powder, and the
preference of particular praétices, have prefcribed no
other method for the examination of their refpective
apinions, but the comparifon of ranges made at the
fame' elevation; we may thence conclude, that,
when the velocity of the projectile was confiderable,
it was ‘not poffible they fhould have inveftigated
thefe matters with any tolerable degree of juftnefs:
fince we have fhewn, that in great velocities the
irregularities of the experiments, even when the
mediums of a pumber of them are taken, do greatly
furpafs thofe differences, which the experiments are
intended to difcover. It is therefore not to be won-
dered at, if this vague method of examination,
which, according as the trials were fele€ted, might
be urged in contirmation of different and even op-
pofite affertions ; it is not, Ifay, to be wondered at,
that this lopfe and inconclufive experience hath been.
urged in fupport of the moft erroneous opinions,
and by its authority with thofe, who were ignorant
of its fallacy, hath greatly tended to the eftablifhment
of the many prejudices and groundlefs perfuafions,
which at prefent prevail amongft the modern artil-
lerifts. '
It is much to be lamented, that thofe who have
been thus altive in examining the ranges of pieces
for purpefes, which could not be anfwered thereby ;
fhould neglet to compare the fame ranges with the
eftablifhed doétrine of projectiles. Had they done
this, it would have been impoffible, that the para-
bolic flight of fhot, -and the inconfiderable effe@ of
the air’s refiftance could have been fo generaily and
ftrenuoufly maintained. Since how aukwardly foever
the experiments upon ranges are adgpted to the
difcovering the variations of great velocities ; they
are yet fufficient to demonftrate the monftruous errors
in
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in the comthon received doctrine, and to evince thé
extraordinary power of the air’s refiftance upon the
moft ponderous bodics. For the range even of a
24 pounder, fired with a ufual charge at 45° is but
little more than a third of what, it ought to be on
the parabolic hypothefis, if compared with the range
at fmaller elevations. _ o

Having thus, as I conceive, evinced the inconclu=
fivenefs ot the only fpecies of experiments, which
artillerifts have hitherto profecuted; it remains to
point out a more.indubitable method of examination;
by which all precepts and practices in this art may
be clearly and inconteftably decided. This method
(to which I have frequently appealed in the courfe
of thefe maxims) requires no more than the afcer-
taining the depth, to which the bullet penetrates in
fome fubflance of a uniform texture, Indeed, if
much anicety be required, it is always poffible to
determine the a&tual velocity of the bullet in dif=
ferent .parts of its track by practices; I have ex-
plained at length in another treatife. But the ap-
plication of this contrivance to large cannon requires
a very expenfive apparatus ; and therefore; fince we
are not now difculling this fubjeét with geometrical
rigour, wé fhall content ourfelves with pointing out
a more eafy and expeditious procedure.,

MAXIM XXIIL
The depth to which a bullet penetrates in a folid
fubftance, is a much more definite criterion
of its comparative velocity, than the diftance
it ranges to when fired at an elevation. For,
when the velocity of the bullet is doubled, it
penetrates into a uniform fubftance near four
times as deep, and with three times the

velocity, near nine times as deep; fo that
with
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with different velocities the penetrations vary
in a much greater proportion than the ve-
locities themf{elves. :

) . . ' -4

That the penetrations follow the rule laid down in
this maxim, I have found b frec}Uent experience.
“For inftance, an iron bullet of § of an inch diame-
ter; when fired againft'a large block of found oak,
hath with different velocities penetrated to différent
‘depths from lefs than } an inch to ten inches;-and
the refpective velocities being examined and.com-:
_;mf'cd with the correfponding penetrations it was
found, that all the experiments were fufficiently con-
fonant to this rule. The fame holds true in bullets
of any fize; for an eighteen-pound fhot, with a
velocity of about 400 feet in a fecond, penetrated
3 inches 1 into a butt of feafoned oak, and
with about three times that velocity it penetrated
34 inches into the fame wood. R

This law holds either in large or fmall velocities ;
at leaft I have found it take place, when the bullet
has moved at the rate of 2400 feet in a fecond ;
the reafon of this relation between the velocity of
the bullet, and its penetration, we have difcuffed at
large in another place; but that is a'fpeculation not
effential to our prefent views 3 it is fufficient for our
purpofe, that the maxim itfelf is warranted by nu-
merous experiments, However, not toleave the ar-
tillerift altogether to feek in this matter ; I fhall ob~
ferve, that the refiftance to a bullet in its penetrating
a folid body does not depend on the velocity of the
bullet (very different in this circamftance from the
refiftance of the air) but is nearly the fame, whether
the bullet moves fafter or flower. Whence it is not
difficult to conceive, that fince, when the velocity
is increafed, the refiftance is not ; therefore the pe-
netration will be augmented in a greater proportion

than the velocity.
. You. I. S MAXIM
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MAXIM XXIIL

Hence then in all contefts about the greater or
lefs velotity, which abullet acquires from
different quantities of powder, or from dif-
ferent lengths of pieces, or different methods
"of loading ; the moft decifive experiment is
to try the penetration of the bullet into fome
- uniform fubftance placed at a fmall diftance
from the muzzle of the piece; fince that bul-
Yet, which in repeated trials penetrates deepeft,
.may be concluded to have been difcharged
with the greateft celerity.

It is not difficult in all places to find fubftances
proper for experiments of this nature; for a butt
of wood, of a bank of earth or clay, are any of
them fufficient; it is only required, that the mafs,
whatever itis, be of a uniform texture, and a fprin,
nature, and that it be but littlé removed from the
picee, left by the refiftance of the air the original
velocity of the bullet be changed in its paflage.

Though experiments of this kind will, I believe,
in moft 'f&lted cafgs be found fufficiently decifive ;
yet it will be always expedient ta try the contefted
problem with fuch a variation of circumftances, as
may be expedted to produce confiderable differences
in the refuls. For as there will be always fome in-
equality in the different parts of the refifting fub-
ftance, and confequently fome irregularities in the
repetition of like experiments; it will be for that
teafon prydent to cn(i:avour, that, when different
conclufions are tried, they may be fuch, where the
differences in the penetration will be more confider-
able than thele cafual inequalities.

We
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We have hitherto compared together the penetra-

tions of the fame bullet, or at leaft of two bullets

of the fame diameter having different velocities,
But if inftead of this we were to examine the pene-
trations of unequal bullets moving with the famie
velocities; we fhould find, that the largeft penetrates
decpeft ; fo that a bullet, for inftance, of 5 inthes
diameter, will penetrate near fifteen times as deep, as
one whofe diameter is only § of an inch; the reafon
of whi¢h will in fome meafure be underftood by con-
fidering what, we have faid in the explanation of our
tenth maxim. In all our fpeculations upon this fub-
Je€t we fuppofe the bullets to be of iron ; for if they
are of a fofter or weaker fubftance, they may either
change their figure or break with the ftroke; and
then their penetrations will no longer follow the rules,
we have laid down, but will vary according to the
new figure the bullet acquires.

MAXIM XXIV.

From the preceding maxims and obfervations it
follows, that the theory of the art of artil
lery hath been hitherta extremely defeétive,
its principles erroneous and its proofs incon-
clufive ; and that the practical part influenced
by this miftaken theory hath been in many

ints to the full as imperfect, and as juftly

iable to cenfure.

For, if the preceding maxims are founded on in-
difputable experiments (as we affirm) then the vulgar
theory of artillery, which in almoft evgry particular
is contrary thereto, cannot but contain the moft in-
confiftent and fallacious tenets.- 1f, for inftance, the
refiftance of the air be as powerful as we have af-
fested, if a defle®ive force, fuch as we have de-

$3 fcribed,
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\ fcribed, does really exift, and the irregularities in
the ranges of fhot, and the odd incidents thence
arifing, are juftly enumerated by us; then the mo- |
dern theory of gunnery, which either atvally or
virtually denies all thefe matters, muft be a moft
defecive and erroneous fcience. )

Again, if the various operations of gunnery re-
uire diverfity of charges, and if the charges proper

r different purpofes are rightly afligned by us;
then thofe practical artillerifts, who have affigned
the fame proportion of the weight of the bullet in
powder for every fpecies of canron, and for every
employment of artillery, and who have been in
general fo ftrangely exorbitant in their determina-
tion of that proportion, may furely be accufed of no
fmall want of fkill; and the pradtice itfelf in thefe
‘particulars cannot but be condemned as extremely
imperfect, and liable to the greateft exception, both
with regard to its ceconomy, its facility, and its
difpacch. , . .

And though our view in- this eflay is to animad-
wert on thofe faulty principles, which have hitherto
prevailed, and to eftablith a jufter theory in their
ftead ; for which reafon we fhall avoid infifting on
any other miftakes, that are to be met with in the
modern practice, as they are rather defeéts in the
mechanical part, than errors arifing from wrong {pe-
culation: yet-at the fame time we cannot help ob-
ferving, that even the ufual methods of training up
thofe, who are intended for the fervice of the artil-
lery, do not contain cither the inftru&ion or the
variety of pradtice, which fo important a bufinefs
feems to demand. -

. I fhould therefore propofe, that, inftead of the
puerile method of firing with a conftant charge at
gwo or three marks placed at known and invariable
diftances ; a more extenfive cxercife,fhould’bc intro-

duced, in which the ranges, penetrations, and de-
. flections
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fletions of pieces, fired with all neceffary diverfity
of charge, elevation, and diftance, fhould be exa-
mined; and the refult compared with the principles,
we have above inculcated. And as we flatter our-
felves, that this diverfified experience would confirm
and illuftrate thofe principles; the practitioner would
hence acquire a true fcientific dexterity, and would
be hence prepared readily to adapt his charge, ele-
vation, &c. to every emergency of altual fervice.
Indeed it is high time, that this moft interefting art
fhould be advanced to a ftaté of more perfection;
for it is matter of aftonithment to confider, that,
whilft other branches of mechanics have received
{uch numerous improvements, and have been fo
fuccefsfully cultivated, meerly by the induftry and
labour of private perfons, who had rarely any other
incitements than the impulfe of their natural genius;
yet this fcience of artillery, on which the fuccefs
of military eénterprizes, ‘and confequently the fate
of nations, often depends, hath ftill been obfcured,
either by the uncouth principles, ' which prevailed
above two ages fince; or by the more illufive refine-
ments of modern theorifts. And this too, whilft in
almoft every part of Europe a very large propor-
tion of treafure hath been allotted for its fupport,
and a numerous body of men’ have received con-
fiderable largeffes and emoluments for their fuppofed
dexterity and fkill therein. It muft however be
owned, that the prefent defeéts of this art are not
to be folely imputed to the fupinenefs and inattention
~of its praétitioners; fince before the difcovery of thofe
principles, which we fome years fince publifhed to
the world, and which we have more popularly ex-
plained in this effay; it was not poflible for the moft
diligent examiner to extricate himfelf from the ob-
fcurity and confufion, which he was conftantly in-
volved in, when he repeated the fame experiment a
number of times fucceffively. For the prodigious
S 3 augment-
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augmentation of the air’s refiftance in great velocities,
and the defleétive force arifing from the whirling
motion of the bullet (both which difcoveries we
claim as our own) may be confidered as the two
capital points, from whence the folution of almoft
all thefe wonderful occurrences in the ranges of pro-
jeétiles may be deduced, which, without the know-
ledge of thefe principles, appear little lefs than mira-
culous. But we apprehend, we have been too co-
pious upon this head already; and fhall therefore
now conclude thefe popular maxims.

PRO-



PROPOSAL

STRENGTH

OF THE

BRITISH NAVY,

By Changing all the Guns, from the ErcuTzEN
PounpEeRrs downwards, into Others of EQuat
WEei16HT, butof 2a GREATER BoRrE,

Firft printed in 1747.

S4 PRE;



~



e v e —

( 281 )

PREFACE

HE following paper was drawn
up near two years fince; in con-
fequence of fome experiments and
fpeculations of a much older date.
As it .is cuftomary for mankind

to fuppofe no one fkilful in any profeffion, in
which he has not been regularly initiated, and.
to which he 4s not formally attached; I did
not expe@, that this produ@ion, were it made,
publick, would be confidered otherwife than
as the vifionary notions of a fpeculatift, utterly
unacquainted with the fubje& he had under-
taken to difcufs. Nor would it have been
pofiible for me to have removed this prejudice
by the moft authentic proofs, I could have
given, of my attention and induftry in trying
the various conclufions, on which the enfuing
fuggeftions are founded.

- But
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But having lately been favoured, by the
Honourable George Anfon, Efq; vice-admiral
of the Blue, and one of the lords of the
admiralty, with the perufal of a French manu-
feript, taken on board the Mars man of war,
I thercin found recited a2 great number of
“experiments, extremely appofite to the prin-
ciples inculcated in the enfuing paper; befides
feveral important confirmations of a late re-
form in the fervice of the. French artillery,
analogous to what I have propofed. And
therefore, as the authority of thefe French
. papers will, I hope, alleviate at leaft the cen-
- fures, I might be otherwife expofed to; and as
the particulars, they contain, are not, I think,
unworthy publick knowledge ; I have, on this
account, ventured to publith the following
tract; and have annexed thereto, by way of
annotation, fuch articles of this French manu-
feript, as, I conceived, would fully confirm
the pofitions I bad advanced, and would thereby
render the matter, 1 havc treated of;, more
‘worthy of future confideration; refervmg till
another time a more ample account of all thefe
French experiments, and the various deduClions
founded thercon -

A PRO-
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HE advantage of large cannon over

thofe of a fmaller bore is fo generall
acknowledged, that a particular difcuf-
fion of it might perhaps be fpared;
: but, as it may be neceflary to recur
to the principles, on which this advantage is founded,
in obviating fome objections, which may perhaps
be made to the prefent propofal ; the author begs
. leave to enumerate the particular circumftances, in
which heavy fhot excel, together with the reafons
of this fupcriorit{l: and this, from the great number
of experiments he has made on thefe futjcf‘:sé he
. ters
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flatters himfelf, he is better able to do, than could
be done by any one from the inaccurate obfervations
of common pradice only. ‘

And firft in diftant cannonading : The- refiftance
.of the air to cannon-bullets, when they are fired
with their ufual allotment of powder, is fo extremely
great, that the diftance, they range to at an eleva-
tion, is more regulated by the degree of this re-
fitance, than by the velocity they receive from the
powder. And the larger bullets being lefs refifted
in proportion to their weight than the fmaller, the
diftance, to which thefe larger bullets fly with the
fame proportion of powder, exceeds the flight of
the fmaller ones, almoft in the proportion of their
diameters ; fo that a 32 pound fhot, for inftance,
being fomewhat more than fix inches in diameter,
and a g pound but four inches ; the 32 pound fhot
will fly near half as far again as that of g pound,
if both pieces are fo elevated as to range to the
furtheft diftance poffible. '

And this advantage in the range of the heavier
bullet is not eafily to be counter-balanced by an
extraordinary effort given to the fmaller bullet, by
increafing the quantity of its powder; for though
the fwiftnefs of the fmaller bullet, at its iffuing
from the piece, may be thereby greatly increafed,
yet, as has been already obferved, the criﬁancc_, to
which the bullet flies at an elevation, is thereby but
little influenced ; for all this increafe of the celerity
is prefently taken away by the refiftance of the air,
which increafes much fafter. Thus, for inftance,
though a bullet fired with 3 of its weight in powder
has doubtlefs a greater velocity than the fame bullet
when fired with only & of its weight in powder,
yet if their ranges at ten or fifteen degrees are
compared together, the certain difference between
them will not be worth regarding ; for it will not be
wore than the irregularities, which happen in repe-

3 - titions
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titions of the fame trial with the fame piece, charge,
and elevation*. . ,

But this circumftance of ranging fartherin diftant-
cannonading is perhaps the leaft confiderable pre-
* eminence o?hcavy thot 3 for the uncertainty in this

ractice, efpecially at fea, is fo great, that it has

en generally difcountenanced by the moft fkilful
commanders, as tending .only to wafte ammunition,
The moft important advantage .of heavy bullets is
this, that, with the fame velocity, they break out
holes in all folid bodies in a greater proportion than
their weight; that is, for inftance, a 24 pound
fhot will, with the fame velocity, break out a hole
4in any wall, rampart, or folid beam, in which it
Yodges, above eight times larger than will be made
by a 3 pound fhot; for its diameter being double,
it will make a fuperficial fracture above four times-as
‘great as the 3 pounder (more of a fmaller hole being
clofed up by the fpringing of the folid body than
of a great one) and it will penetrate to more than
twice the depth. = By this means the firmeft walls of
mafonry are eafily cut through their whole fubftance
by heavy fhot, which could never be effefted by
.. * This affertion, however ftrange it may appear at firft fight,
is irrefragably eftablithed by the experiments recited in- the.
French manufcript mentioned in the preface; for there it ap-
pears, that when a 24 pounder was elevated to five degrees,
and loaded fuccefively with eight, nine, ten, eleven, twelve,
fourgeen, fixteen, cighteen, and twenty pounds of powder,
the medium range with eight pounds of powder was .eight
hundred and forty toifes, and the medium range with twenty
pounds of powder was but nine hundred and ?eventy. Now
the differenee between eight hundred and forty, and nine hun-
dged and fevepty, is not fo great as the difference, which fome-
times  occurred in thefe trials, on the repetition of the fame
experiment. I fhall only add, that both the quantity and pro-
portion of the ranges with eight, and with twenty pounds of
powder, are extremely near, what I have long fince computed
them at; and that the whole of thefe experiments are entirely
confiftent with the theory both of the force of powder, and

, of the refiftance of the air, which I have fome time fince efta-
blifhed. ‘ ST
- thofe
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thofe of a fmaller calibre; and in fhips the ftrong-
cft beams and mafts are hereby fractursd, which
a very great number of fmall bullets would fcarcely
injure.

To this laft advantage of large cannon, which is
fndeed a capital one, there muft be added that of
carrying the weight of their bullet in grape or lead
fhot, and thereby annoying the enemy more effeu-
ally, than could be done by ten times the number
of fmall pieces.

" Thefe are the principal advantages of large cannon,
and hence it is no wonder, that thofe entrufted with
the care of the Britifb navy have always endeavoured
to arm all veffels with the largeft cannon, they could
with fafety beat; and, indeef, within thefe laft hun-
dred years, great improvements have been madé on
this head, by reducing the weight of many of the
ies of cannon, and thereby enabling the fame
ips to carry guns of a larger bore : and very lately
the 6 pounders in fome of the fmaller fhips have
been changed for g pounders of a lighter fabrick
than ufual, which hath been juftly efteemed a very
great addition to the ftrength of thofe veflels.

The importance then of allotting to all thips the
kargeft cannon they can with fafety bear, being
granted ; it remains to thew, on what foundation a
change is propofed to be made in the fabrick of all
pieces from the 24 pounders downwards; whereby
all the guns from the prefent 18 pounders down-
wards, may be changed for others of the fame or
lefs weight, but of a larger bore.. This propefition
. turns on the following confiderations. : :

. The fpecies of cannon proper for each fhip is li-

mited by the weight of the pieces, and when the
charge and the effort of the bullet are afligned, this
weight in each fpecies is or ought to be determined
by the following circumftances.’ '

‘That they fhall not be in danger of burﬁing:r X

at
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- That they thall not heat too much "in frequent
firing. ‘ :
' A%d that they fhall not recoil too beifteroufly.

All this is to be done by a proper quantity of
metal properly difpofed; and wgcn the pieces are
fecurecr from thefe accidents, all addition. of metal
beyond is not only ufelefs but prejudicial. '
- New what dimenfions and weight of metal are
more than fufficient for thefe purpofes, we may
learn from the prefent pra&ice of the navy in the
fabrick of the 32 pounders, the heavieft guns in
common ufe ; thefe are made to weigh, if the au-
thor’s information be right, from 52 to 53 hundred
weight ; that is fomewhat lefs than a hundred and
. two thirds for each pound of bullet.

From this then the author concludes, that any
fmaller piece, made upon the model of thefe 32
pounders, and havin%ltheir weight proportioned in
the -fame maoner to the weight of their bullet, will
fully anfwer all the purpofes recited above, and will
be of unexce tionabn: fervice.

~And he founds his opinions on thefe two prin-

¢iples,

' %ﬁ-&, That the ftrength of iron, or of any other
metal, is in proportion to its fubftance; fo that,
for inftance, where it bas half the fubftance, it has
" haif the firength ;3 and this fuppofition, he prefumes,
- will be fcarcely -contefted. ' '
* Secondly,. That the force of different quantities of
powder fired in fpaces, which they refpettively fill,'
18 not exaclly in the proportion of thofe quantities,:
but the leffer quantity has in proportion the leaft!
force: that is, for inftance, the force of one pound
of powder, in like circumftances, is lefs than
half the force of two pounds. And this prin-
ciple the author has deduced from many repeated
and diverfified trials of his own; and he belicves,

it will be found agreeable 'to allthe obfervations,
_ . which
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which have been made, or fhall be made on this
fubject.

From thefe two confiderations, he hopes, it will
‘be granted him, that if two pieces, a large one and
a fmall one, are made with all their dimenfions in
proportion to the diameter of their refpe@ive bullets,
and confequently their weights in the fame proportion
with the weights of their bullets, then the larger
piece, with the fame proportion of powder;, will be
more ftrained, will heat more, and recoil more than
the fmaller.

Hence then, as we arc affured, that the prefent
32 pounders are of a fufficient ftrength and weight
for all marine purpofes ; we have the greateft reafon
to fuppofe, that if all the pieces of an inferior calibre
were formed upon the fame model, meafuring by the
diameter of the bullet, thefe {maller pieces would
not be defettive in either ftrength or weight, but
would be to the full as ferviceable on fhipboard as
the prefent pieces, which are fo much overloaded
with metal. o
~ Theauthor’s fcheme then for augmenting; the force
of the prefent fea-batteries, is no more than this plain
principle, that all fhip-guns fhould be caft upon
the model of the 32 pounders, meafuring by the
diameter of the refpective bullet; fo that for each
pound of bullet there fhould be allowed one hun-
dred and two thirds of. metal only. o,

The advantages of this fcheme will appear, by th
following comparifon of the weight of the prefent -

i{;ce:s]:l with their weight propofed by this new’
abrick.

- Pieces,  Weight now in hundreds, Ditto by new fabrick,.
24 48 to 46 ... 40 '
18 41 to 39 . .30
12 34 to 3I 20

9 29 to 26 15
6 24 to 18 B (°)

- Hence
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. Hence then it appears, that the 24 pounders will
be eafed of fix or eight hundred of ufelefs metal 5
and that, inftead of thofe of an inferior calibre now
tfed, much larger ones of the fame weight may -be
born, “efpecially when it is remembered,, . that thid
computation ‘exceeds even the prefent’ proportion "of
the 32 pounders; o that from the dbove projeied
18 paunders, for inftance, two or thrée hundred may
be-fafely taken. - . e v
The changes then propofed by the author are thefe,

. . Pounders, - ! Hundreds. Poynders, Hupdreds:
For . 6 of 24 and 18 New 12 of 26..:
.9 29 and 26 . . 18 . 28.
12 34 and 31 - 18 28
.18, .. .41 and 39 24 40

- The g pounders lately caft, being, as the author is:
informed, fill lighter than what is here reprefented,
they may perhaps be only transformed into 12 pound-
ers; but this will be.a very great addition of ftrength,
and the 12 poundess thus born will be confiderably
lighter than the {malleft 9 pounders now in ufe.
The weight of the prefent 3 pounders are not remem-
bered exatly by the author; but he doubts not, but
‘they are heavier than the propofed 6 pounders, and:
may therefore be changed for them. - :
That many objections will be made to the prefent
propofal, is not to be queftioned 5 but as they will
equally hold againft the ufe of the prefent 32 poun-.
ders, which are known to’ be guns of unexception--
able fervice, that alane, it is conceived, will be an'
anfwer. _ . .
- If it be fuppofed (as antient praftice is always
favourably heard) that the excefles in the propors
tionate .wei%ht of the fmall pieces muft have been'
originally founded on fome approved principle, or.
Yo, L T - otherwife

‘9
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otherwife they coyld not have been brought into
ufe. It may be anfwered, that a hundred years fince
there were 4 pounders made ufe of, which were
heavier than feme of the prefent 9 pounders, and
had the fame, prefeription to plead in their behalf.
Perhaps the ongin of this excefs in-the fmaller pieces
may be accounted for by fuppofing, that when guns
are ufed in batteries on fhore, their length cannos
be in proportion to the diameter of their bore;
becaufe the parapet being of a confiderable thick-
nefs, a fhort piece would by its blaft ruin the
embrafures ; and the {maller pieces, being for this
refon made nearly of the fame length with the
larger, did hence receive their additional weight of
metal. But this reafon holds not at fea, where there
is no other exception to the fhortnefs of a piece,
but the lofs of force, which, in the inftances here
propoled, is altqgether inconfiderable. For the old
12 pounders, for example, being in length from
nine fect to nine and a half; the new ones here pro-

fed will be. from feven feet:to feven and a half

ng. The. difference in the force: of the bullee,
fired from thefe different pieces, Is but little ; and
it will hereafter appear, that in the prefent fubject.
much greater differences ‘than thefe are of no con-

epce. A I
If it fhould be faid, that the new fabric here pro-
pafed mult ‘have' the prefent allowance of. powder
.Owhich in the fimaller pieces js- half the weight -of
the ba)l) diminifhed, and that it muft be reduced to
the rate of the3a - pounders, which is only feven
fixteenths of the ‘weight of the ball; it is an-
fwered, that if the powder in all thip-cannon what<
awer, was fbill_fasther reduced to one third of the
weight of the ball,: or even lefs, it would be a con-
fiderable advantage, not only by the faving of am-
munition, Rut by keeping the guns cogler. and-
‘ 3 * quicter,
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quicter, and at the fame time more effettually in-
juring the veflels of the enemy * 3 for with the pre-
fent allowance of powder the guns are heated, and
their tackle and furniture ftrained, and this only tor
render the bullet lefs efficacious, than it would prove
if impelled by a fmaller charge. Indeed in battering
of walls, which are not to be penetrated by a fingla
fhot from any picce whatever, the veloeity of the
bullet, how much foever: augmented, fill produces
2 proportionate effect, by augmenting the depth to
which it penetrates: but the fides of- the ftrongeft
fhips, and the greater part of her timbers are of &
limited thicknefs, infufficient to ftop the generality
of eannon-bullets, fired at a reafonable diftance,
even with a lefs charge than is here propofed. And
it is matter of experiment, that a bullet, which can

® The change ofed here, of reducing the quantity of
gowde: in‘all ﬂup-gur:sp to one third of the wng ht o? the b':lyllct.
as for fome time paft been pradifed by the French in a much -
feverer fervice, where the increafing the velociry of the bullet
could- not at any time dimihith its effe& ; the fervice, I mean,
is battering in breach. For I learn fram the forementioned
French manufcript, that of late years all their breaches, in the
different fieges they have undertaken, have been made with thia
very charge, that is, their 24 pounders have been loaded with
cight pounds of powder, and they hawve found, that thongh
the penetration of the bullet is lefs with this charge than
a larger one, yet the other conveniencies, attending this {fmalles
charge, are more than fufficient to balange that particular.

And here I muft obferve, that there have riot been wanting
perfons of confiderable name, who have aficrted (as appears from
the manufript in queftion) that the velocity of a 2
bullet was really greater with cight pounds of powder than
with any larger quantity; founding their opinion an the ridi-
culous perfuafion, that whatever quantity was put in, no more
than eight pounds of it took fire. But this pofition is deftroyed
by their own experiments, and their own reafonings ; and later
experiments, made with greater attentidn, put it beyond all
doubt, that to the larger charge (at leaft as far as tweatg
pounds of powder) there correfponds a greater velocity.

i n

") T 2 . but
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but juft pafs through a piece of timber, and lofes-
almoft all its motion thereby, has a much better
chance of rending and fracturing it, than if it paffed
through it with a mugh greater velocity. :
That a berter judgment. may ‘be made of the
reafonablenefs of this fpeculation, the author thinks
proper to add (and he believes future experience
will not contradi® him) that a 12 pounder, as
here propofed, which is one of the fmalleft picces
at prefent under confideration, when charged with
one third of the weight of the bullet in powder, will
penetrate a beam of the. beft feafoned, tougheft
oak to more than twenty inches depth; and.if,
inftead of one folid beam, there are a number of
fmall ones, or of planks laid together ; then allow-
ing for the rending and tearing, frequent in fuch
cafes, he doubts not, but it will often go through
near ' double that thicknefs, and this any where
within a hundred yards diftance : thatis, any where
within that diftance, which. the moft experienced
officers have recommended. for. naval engagemerits.
In the fame.diftance, a-bullet from the 12 poundérs
fiow in ufe, charged with half the weight of pow-
der; will penetrate about one third part deeper :-
but if the efforts of each piece. are compared toge-
ther at five hundred yards diftance, the differences
of their forces will not be confiderable. If this be.
fo, it will not be afferted, ., I imagine, that the
12 pounder here propofed is lefs ufeful, or lefs effi-
cacious, for all naval purpofes, than the weightier
12 pounder ‘hitherto made ufe of. ‘
 The author has in this propofal fixed on the 32
pounders, as the flandard for. the reft ; becaufe they
have been authorifed by long experience. But from
the trials }:ie 6{13'3 .ma;‘dc,‘he is y}»lvell fatisfied, a much’
greater reduction of weight, than he here propofes,
might fafely take place ; and that one fdgrtlg:) or
. ~ even
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even one fifth, .of the weight of the bullet in
powder, if properly  difpofed, is abundantly fuffi-
cient for every fpecies of fhip-guns *. However.
the author is far from defiring, that his fpecula-
tions fhould be relied on.in an affair of this nature,
where he pretends oot to have tried the very matter
he. propofes, but founds his opinion on certain ge- -
neral principles and collateral experiments, which,
he conceives, he may.appiy to the prefent cafe
without error. He would himfelf recommend an
experimental examination of this propofal, as the
only one to which credit ought to be given. What.
Je intends by the prefent paper, is to reprefent it
as a matter worthy of confideration, and reall
fuch as it appeared to him. If thofe, to whofe
cenfure he fubmits it, are of the fame opinion,

® This opinion is not advanced at random. I have my-
felf procured to be caft a 4 pounder of iron, weighing about
" two hundred weight, which is not one third of the weight
here propofed : As likewife two others, one of about three
hundred weight, and the other about four hundred. That
of three hundred weight, being fired with twelve ounces
of common powder, went through, at the fame time, two
glanks of very found oak of four.inches.thick each, and a

eam of the fame fourteen inches thick, being in all twenty-
two inches, and afterwards buried itfelf in 3 bank of earth.
And this it likewife did on a fecond repetition, when it broke
off a picce of the beam f a quarter of 3 hundred weight,
and drove it to above ten yards diftance. The firft and fecond
of thefe pieces, on repeated trials, burft; but the lait of four
hundred weight continues ftill entire, and is, I conceive, as
- ferviceable a field-piece as any whatever, notwithftanding its
lightnefs. For with nine ounces of powder it throws its bullet
r:int blank, as it is called, three hundred yards. Aad it will

ar proving with twice or three times its proper charge.
Indeed the other two, which were lighter, did not fail, I
conceive, from a want of fufficient fubftance, but from a par-
ticular miftake in their fabrick. However, the heavieft of them
is but about one quarter of the weight, they are generally
made of ; and confequently, if capable of proper fervice,
tnight it particular emergencies be of infinite ufe.

T 3 there
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there is an obvious method of determining, how
far his allegations are conclufive; and that is by
dire&ting one of thefe pieces to be caft, a 12 pounder
for inftance, and letting it be proved with the fame
proportion of powder, allotted for the proof of
the 32 pounders. Then if this piece be fired a -
number of times fucceffively on a carriage, and its
gecoil and degree of heat be attended to, and if
the penetration of its bullet into a thick butt of oak
beams or plank be likewife ‘examined ; a judgment
may thence be formed, of what may be expected
from the piece in real fervice; and the refult of
thefk trials will be the moft inconteftable confutation,
or ¢confirmation of this propofal.

A tettes -
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A letter to MarTIN FoLkes, Efg;
Prefident of the Royal Society, in
anfwer to one of his, inclofing a
written meflage from the Cheva%ier
D'Ossor10, Envoy from the King
of Sardinia.

RS Have received a letter from you, in-
XY=l clofing a meflage,  you have received
eedlony from his excellency the Chevalier D*Os-

‘ Ol sor10, who, it feems, is defirous of
having a copy of a paper prefented to

) U\

the'Royal Society in relation to the proper charfc of -

cannon: and which, you conceive, Sir, is my letter
to Lord Anson of March lait. ~ As'l efteem my-
felf greatly honoured by this requeft; I cannot but
- defire, that his excellency might have a copy not
only of that, but of any other papers of miine relating
to this fubje. For as his Sardinian majelty’s curio-
fity appears to be founded on fome experithénts made
by his order at Turin; I am willing to hope, that
this enquiry may give rile to ftill more décilive tiials.

T 4 And
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And that the doctrine, I have advanced, may thereby
“be at laft eftablithed beyond the reach of contra-
diction. But as_the confideration of the proper
charge of cannon, to which this meffage relates, and
about which the experiments at Zurin have been em-
ployed, is a matter only occafionally mentioned in
my papers; I beg leave to explain myfelf more at
large to you on this head, than | have yet done; and
to eftablith the true principles, on which this invefti-
gation ought to turn. This I fhall undertake with
more boldnefs, as | am confident, that it has not
hitherto been underftood, And that all the experi-
ments, I have ever yet ]\eard of, which were made
with - this view, are extremely fgllacious, and inca-
able of determining the point in queftion. ‘And
fthink, it will be no improper method of treating
this fubjec, firft to confider the erroneous maxims
-and inconclufive experiments, which have been ufu-
ally adhered to; before I undertake to prefcribe the
Fenuine idea, which ought to guide us in the pro-
ecution of the prefent enquiry.

Thofe, who have attempted to affign the proper
charges of cannon, (and there are few artillerifts, who
have not been engaged in this attempt) thofe, I fay,
"who have hitherto laboured in this matter, have ufu-
ally fuppofed, that in every piece there was a certain

- charge of powder, which would give to the bullet
a greater velocity than any ‘other quantity-ef powder,
'eig‘nér greater or lefs. And it hath been generall;
_conceived, that this charge, producing the greate
‘velocity, was that, where all the powder took fire.
“Now in confirmation of thefe opinions, fome of the
- mofe induftrious artillerifts have fired the fame piece
“of ¢annon at an unvaried elevation, with different
- chargés of powder gradually increafing in quantity;
“and they have pretended, that after ufing a certain
_charge, the range of the picce rather diminifhed than
“lincréafed’ on augmenting ‘the quantity of powder.
(LT T ‘- Hence
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Hence they have concluded, that this charge, which
it was fuppofed ranged the bullet farther than any
other quantity of powder would do, was the true
and genuine charge of the piece in queftion. But
thefe opinions are all entirely erroneous, and the ex~
periments fallacious. For neither is there any fuch
-charge, as will give to the bullet a greater velocity,
than would be produced by a larger quantity of
wder (at leaft not within the limits where it has

n ufually fuppofed) nor has the compleat firing
of the powder any thing to do with the determination
in queftion. Nor do the experiments generally fuc-
ceed in the manner above-mentioned. Nor can it
be always concluded, that the bullet, which ranged
fartheft, was difcharged with the greateft velocity:
fo that not only the principal fuppofitions, on which
.the inveftigation of this proper velocity hath hitherto
been founded, are faulty; but all the fuperftructure
is equally exceptionable. As, I hope, will fuffici-
ently appear from the following confiderations. -

For as this proper charge, producing the greateft
velocity, hath been ufually fuppofed to be between
two thirds of the weight of the bullet, and one third;
I am fully fatisfied, trom numerous trials, that, if,
#n fmall pieces the charge be augmented greatly
beyond thefe limits, the velocity will be thereby
confiderably increafed. For inftance, a common
firelock, with a fit leaden ball of twelve to the
pound, with a charge of one third of the weight of
the bullet in powder, will be impelled with a velo-
city of about 1500 feet in 17, with a charge of half
its weiglit in powder, its velocity will be about 1700
feet in 1”/; with two thirds of the weight of powder,
its velocity is about 1900 feet in 175 but with twice
.the laft charge, or one and a half the weight of the
bullet, its velocity will be above 2300 feet 'in 17,
~And this laft proportion of powder being double the
largeft quantity hitherto. fuppofed for the proper

. . - charge,
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charge, or for the charge productive of the greateft
velocity ; it hence follows, that all the former deter-
minations about this matter are extreamly erroneous. .

If it thould be faid, that in larger pieces the fame
conclufions will not hold, but that there an increafe
of powder beyond the cuftomary charge. (for inftance
more than ¢ or 3 of the weight of the bullet) will-
‘not augment the velocity; 1 anfwer, that, I well
know, that in pieces, whofe lengths bear a lefs pro-
portion to the diameters of their bores, the variation
of velocity in the preceding inftances would be lefs
confiderable. But that even then there is an increafe
of velocity always attending the increafed charge,
for the truth of which I appeal to vulgar and obvious
experiments.  For inftance, in the proving of pieces
with the weight of the bullet in powder (as is fome-
times the pratice) it is always found, that the recoil
and heat of the piece, and confequently the ation
of the powder on the bullet, is more forcible; and
in this circumftance the increafed altion of the pow-
der cannot but produce an increafe in the velocity
of the bullet. ,

To afcertain this point ftill more inconteftably, 1
would advife thofe, who imagine, that the weight
of the bullet in powder does not produce a greater
velocity than that of half the weight, to fire a piece
of cannon with thefe different charges againft a bank
-of earth of a uniform confiftence, or againft a bust
of timber, and examine the different penetration of
the bullet, taking care that the objeét, whatever it
be, may not be farther from the piece than ﬁifa? .
yards. . This experiment I have tried with a 1
’ﬂkce’ with all the care I could, making ufe of bul-

is of - irony, which were turned to the borey and I
found iin a piece about thirty diameters in. length,
fwhich is very near th¢ proportion of a common fix
pounder) that, if I firft fired it with half the weight
of the bulket in powder, and meafired the pene-
. : - tration
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tration into a beam of very tough oak placed about
ten yards diftant, I could afterwards, by augmenting
the charge, make the bullet penetrate more than half”
as deep again.

This may fuffice to evince the falfity of that com-
monly received principle, of there being a certain
charge to every piece, which will produce a greater
velocity than any other quantity of powder, eithes
greater or lefs. Indeed I deny not, there is fuch
a charge in every piece, but it is much more than
any that is made ufe of, either for fervice or proof;
and what no piece caft with the ufual dimenfions can
fuftain. For it is fuch a quantity of powder, as will
fill up nearly § of the piece; and confequently is too
much to be ever applied for any practical purpofe .
whatever; and therefore can be of no affiftarice in the
examination of the prefent fubject, ’

The very firft fuppofition, then, on which the
determination of the proper charge hath hitherto

roceeded, being thus, as I conceive, overthtowns;
t remains to examine the experiments, to which the
followers of this opinion have recurred in fupport
of their doftrine: that is to fay, the experiments,
‘where the fame piece fired at a given elevation, hath
" ranged its bullet farther with this imaginary charge,

than with a greater quantity of powder. And, with
regard to this argument, I affert, that the whale
tenour of it is fallacious, and has no other fotindation
but the irregularity of the ranges of the fame piece,
though charged and pointed in the fame manner;
which, a8 T have formerly explained to the fociety,
is owing to the deflettion of the bullet in the air from
its original direCtion. Hence ic happens, that the
ranges are no meafures of its original velocity; be-
caufe fometimes by a favourable defle®ion the {mallet
velocity may range farther than the larger. And 1
affert, and have many experiments to produce in
fupport of this affertion, that all the pretended groofs

. , rawn
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drawn from the experiments on the ranges of cannop,
are made out by taking thofe ranges only, where the
deflection was favourable to the hypothefis in que-
ftion, negleting at the fame time as irregular, thofe
where the refult was contrary to it. For the whole
ftrength of this reafoning has generally turned upon
a diﬂ%rence of 100 or 200 yards in the ranges. And
I have by me a fet of experiments made, as I con-
ceive, with fufficient care, where a 24 pounder, ele-
vated to 7°;, and charged each time with, the fame
quantity of powder, hath in one fhot ranged its
bullet 2300 yards, and the very next time the range
hath been more than 3000 yards. So that the range,
with the fame piece, elevation, and charge, doth
fometimes differ four or five times as much as the
cafual differences, on which the opinion, here op-
pofed, is pretended to be founded. | .

If then the very idea of a proper charge, confider-
ing it as productive of the greateft velocity, is itfelf
chimerical within the limits of any practical deter-
‘mination; and if the experiments, urged in fupport
of it, are fuch, as naturally arife from the neceflary
irregularity, which always occurs in the comparifon
of diftant ranges; it may perhaps be afked, on what
principle the proper allotment of powder can be
afligned, or what circumftances there are, that can
at any time determine the proportion neceflary to be
obferved between the weight of the bullet and the
charge of powder. ~ :

~ And to this I anfwer, that the only maxim, which
can affift in fixing fuch a determination, is this: that
every effect to be produced by the ufe of fire-arms,
fhould be executed with the leaft powder poffible,
not only as hereby much ammunition may be faved,
but al{fo becaufe with fmaller charges the piece is lefs
heated and ftrained, the fervice of 1t is more prompt,
and the flight of the fhot is much more fteady.

Novf
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+ Now from this‘maxim it follows, that, according
to the different. purpofes, to which artillery is ap-
ied, different charges -ought to be made ufe of.
or inftance, the refiftance of the mafonry, .with
which the ramparts of fortified places are ufually
faced, being much greater than that of the fides of
the ftouteft thips; the allotment of powder for bat-
tering in breach, and for firing againft fhipping,
ought to be different. And the refiftance of human
bodies- being fill greatly fhort ‘of either of thefe;
all field-pieces, or fuch, as are ufed againft troops,
ought to be charged with a yet {maller proportion’
of powder. And though in thefe cafes there is no
abfolute invariable ‘ftandard to- be affigned; yet I
conceive, that fomething not very diftant from the
truth may be deduced from confidering the limits,
within which' all the three forementioned operations
are contained. - - L
- For as to battering in breach, I well know, that
in moft of the fieges, which the French have latel
- tindertaken, they have fucceeded extremely well wit!
one third of the weight of the bullet in powder.
Indeed the difference in force betwixt a bullet fired
with one third of its weight in powder, and two
thirds, is fo very little, that the other advantages
* &f the fmaller charges greatly overbalance it; and
therefore it ought to be allowed as an invariable
rule, ‘never to exceed this proportion of one third
of -the weight of ‘the bullet in the fervice of any
piece- of artillery whatever; no not under any pre-
tesice  of - the :great diftance of the object. For
I know, that, in great diftances, the augmenting
the quantity of powder is only an imaginary ad-
vantage. B
- With refpect to the firing at fhips, efpecially with
heavy cannon, -I could with, the charge was fill
Barther diminifhed to a fourth or fifth; for 1 am
fatisfied from my own' experiments, - that (not to
N mention

.
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mention the other advantages) the havock made by
bullets fired with thofe fmaller quantities would be
much greater, than what is produced by the enormous
charges now in ufe. ’ T
And lattly, as to the firing againfk troops in.the
open field, it is difficult to conceive, how very froalt
" a proportion of powder will give to a bullet fuch a
force, -as will rander i§ martal to, thofe, it ftrikes.
For it appeared by experiments, fotmerly exhibited
before the fociety, that an ounce of powder in the
chambsr of a fmall; mortar, threw 4 24 pound fhot
to above 240 yards,  This bullet then received from
the action of the powder as great a force, as it would
have acquired by {alling from a height equal to that
of St..Paul’s church. And it is fufficiently obviousy
that 3 heavy bullet, let fall from fuch an eminence,
mult have killed any é)_erﬁ)n it had fallen on. And
left it may be fuppofed, that in this cafe the weight
of the bullet might contribute more-to the firoke
than its celerity, 1. muft add, that a fit bullet, fired
from a mufket of the comman calibre: with 5% ﬁau
of its weight in ppwder, will go through a plank of
fir of above an inch:thick, and will doubtlefs produce
. a mortal wound in any vital part of the body.. For
it will penetrate into any foft fubftance near ten
times deeper than a bullet difcharged from theibeft
crofs-bow, I have ever yet met with,; which yer:is
Woally eftcemed & mortal weapon. - And comparin,
together the varigys experiments I have made, an
the. different circumitances neceflary to. be confidered,
| am fully fasisfied, that no ficld.piece, whether
fired with 1euad-fbot or with grape-fhat, ought ever
to be allowed wore than 5 of the:weight of the
bullet in powder, and when :
rape-fhot is of ufe, even 4%
dles will do- great exacusion.
utiesiof powdex, grape-fhot it
rendered imeffediwals whereas
o it
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it flies more fteady 4nd compad, its dire@ion can
be more relied on, and the ravage it makes amongft
troops is more terrible by its falling direétly upon,
one particular part, and thereby opening the line.
And this fmallnefs of the charge too, requifite’ for
field-pieces, when the reafons of it fhall be once
well underftood, and the pradtice eftablifhed, will
enable them to be made extremely light, and wilt
thereby render their tranfportation and fervice much
more eafy, than it has been hitherto: and will like-
wife produce many other advantages not neceffary
to be here recounted. ' ’ |
--1am fenfible, that with refpect to the diminith~
ing the weight of field-pieces, many attempts have
been made towards it within the laft fifty years.
But the general miftake of thofe, who have engaged
in it, hath been either the ferving thefe lighter
_pieces, with the fame large charge allotted to the

cavy ones; or if they did diminith the charge, the.
infifting that with this diminifhed charge the bullet
was not fo ftrongly impelled as with a greater quan-
tity of powder. this laft affertion, as it was an
infupportable falthood, laid them under great diffi-
culties, and gave the officers of artillery (who, from.
a religious attachment to the praétice of their pre-
deceflors, were more ufually their declared enemies)
t advantages over them. - o

- If it fhould be urged, that though the fmall
charges, I have here recommended, are fufficient,
for doing exeeution near at hand; yet they are no,
ways adafned' to the purpofe of diftant cannon-
adings: I anfwet, in the firfk glace, that thefe
diftant cannonadings are rarely of ‘confequence, and
therefore are -xibt‘;!gropcrly' the ' confiderations, on
which the préRnt riiatter ought to be decided. But’
farther I affere,  éhdt the difference in the ranges, ot
in the foree. of the buyllets at a diftance, when fired
with ¢ of their ‘weight*of powder, for inftance, '.o:

wit
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with 3, is too inconfiderable to merit attention. For
from the principles I have formerly eftablifhed, it
follows, that a 4 pounder elevated to 10°, and.
fired with the fmaller of thefe charges, ought .to.
range about a fifth part fhort of. what, it would do
when fired with.the, larger, and at the end of thefe
refpective ranges the difference jn the velocities_ of:
the bullet will be infenfible. .. = ‘

. This, fir, is the fubftance of ; what hath eccurred
to me, on the prefent fubject; every part of which,
fhould it be doubted, I can undertake to evince. by-
unqueftionable experiments. If this letter appears too.
prolix, confidering the great fimplicity of the fub-
Ject, I muft excufe myfelf by obferving, that it is:
a misfortune common to all thofe, who have firft
refarmed any branch of fcience, to have been obliged
to wafte great part of their time, and to employ.
many arguments in rooting out the prejudices, which.
they found already eftablithed ; although thefe pre-
judices had no other foundation but the reverence,
they had acquired from age, and from the habityal
affent,  they had been long received with. Indeed |-
am - myfelf fo fully. perfuaded of the difficulty of
confuting long cenfirmed prepofieffions, that not-,
withftanding all that hath been already faid ; I can-
not finifh this letter without a thort recapitulation of
what, I have here advanced. Which is, that the
hypothefis of a propeg charge, confideringitas what
would-product the, greatelt velocity, is chimerical §
that the experiments urged in fuppert of it are fal-:
lacious,.. That the greateft velogity, if it were at-
taipable, is not the mott eligible, it being often lefs
efficacious than a {maller degree; that the only .
proper principle for ,dctfqrminin% the moft convenient
charge, is that of ufing the leaft powder pofiible -
with regard to the particular -purpefe in view. :
Therefore, that the charges ought to wary accordiag
to the different fervices. That in almoft :;gry;

. ) modern
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modern pradtice, the charges are too great. And
that in firing againft troops in particular, bullets

impelled with velocities greatly fhort of thofe now
eftablithed are to the full as effe€tual. That con-
fequently in'this cafe the charges may be extremely
diminifhed. And thence the whole eftablifhment of
the modern field trains ought to be entirely changed.
I fhall only add, that the fpeculations of artillerifts
on the proper lengths of pieces have been embar-
“raffed with errors of a like nature with thofe I
" have already cenfured, and that the decifion of
that matter can never be attained on the princi-
ples they have affumed.

Vou.L U = ALET-
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LETTER
Lod 4 N S0 N.

My Lorbp,

AVING principally by your fa-

vour procured leave to make fome

trials with large cannon at Chatbam,

I thiok it my duty to lay the refult

of them before your lordthip, efpe-

cially as the fubject of them relates

to a matter about which I have formerly troubled

your lordfhip ; I mean, the diminifhing the allotment

of powder for heavy cannon, and thereby facilitating
the reduction of the weight of thofe pieces.

. And that I may not be mifunderftood upon

this head, I beg leave to explain in a few words

the maxims, I have formerly advanced, and lwhich

con-
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T congceive are fully confirmed by my laie. trials.
This is the more neceffary for me to do; fince 1
have found the prejudices, and the erroneous opi-
nions at prefent prevailing among the pra&itioners
of artillery, have by ‘miftake been often blended with
what I have advanced upon this fubje&t; and I have
thereby had pofitions imputed to.me, which were
direltly contrary to what 1 have always maintained.
To be%in then; although I am fatisfied, that no
charges of powder, either now, of at any other
time; in common ufe are fo great, but that by
augmenting their quantity fome addition will bemade
to the velocity of the fhot, and to the effort of, the
bullet near at hand ; "yet in large charges, I affirm,
that the addition of the force of the bullet is very
fmall in comparifon of the increafed proportion of
the charge, and even this fmall addition of force is-
prefently taken away by the vaft refiftance of the-
air to great velocities ; whence neither the diftance,
to which the bullet flies at an elevation, nor the
force of the bullet at the end of its flight, is fenfibly
augmented by very great augmentations of the
quantity of powder. I affirm too, that in many
inftances the increafing the velocity of the bullet is
not only an ufelefs, but a prejudicial practice ; fince;:
ip penetrating folid bodies, that bullet which has
but juft force enough to go through, will produce
much greater effe¢t, than a bullet, which has a con-~-
fiderable velocity left after it has got through. I
muft farther add, that both the ranges and effeéts
of bullets fired with fmall proportions of powder dor
much furpafs the expectations of all thofe, whether
artillerifts, or others, who have not made the re-
quifite experiments upon this fubject. . S
Thefe, my lord, are the hypothefes, which, as your;
lordfhip knows, I have always maintained, and are
the pofitions, I have had principally an eye to in
my late experiments at C%tbam, where, on the 1 xthf
ey 2 o
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of Fuly laft, I got an 18 pounder on fhore, which
was the largeft piece I could procure: This piece
had its breech laid down as Jow as its carriage would
permit, (when it was elevated fomewhat fhort of
15°) and then inftead of g pound of powder, which
is its cuftomary charge, it was tried with § of a
pound only, with which allowance it ranged the
bullet in feveral trials from 220 to 250 yards. It
‘was obfervable, that when the bullet lighted on dry
firm ground, it rofe again and bounded on to a
confiderable diftance ; but meeting once with a fmall
bank of meadow ground it penetrated near three feet
deep into it. .

. By comparing together the beft accounts of the
antient military machines, I conceive, the velocity,
with which their charges were projected, rarely exceed
the velocity of the bullet-fired with the fmalleft pit-
tance of powder.

The next trial was with } a pound of powder, or
with the % part of the ufual charge, and the ele-
vation now but 12°. This bullet ranged 500 yards,
where grazing it bounded on to near 300 yards
farther.

‘Trying now with 1 pound of powder, or the ; of
the cuftemary charge, and elevating the piece to near
15°, the bullet ranged from 1400 to 1600 yards, after
whieh the elevation being diminithed to 5°, it ranged
from 550 to 630 yards. _

With 2 pound of powder, at only 3°% elevation,
the bullet ranged from goo to 1100 yards, when at .
15° it would have ranged to a mile and a half.

With 3 pound, and an elevation of 6°, the bullet
ranged from 1500 to 1650 yards, and with 33 pound
of powder, and the fame elevation, ranged twice to-
gether to 1760 yards, or an Englifb mile juft. From
which experiments, I conclude, that at 15° it would
have flown at leaft 3000 yards.

Thefe
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Thefe were the principal trials with regard to the
ranges of an 18 pound bullet with fmall charges of
powder. Thefe ranges, I conceive, will beacknow-
- ledged to exceed the expeétations of thofe, who have
not been converfant in trials of a like kind; and the
ranges in the two laft trials with 35 pound of pow-
der at 6° would not be encreafed more than 200
.yards by an addition of 7 pound more of powder,
as I can eafily evince by experiments, which I have
in my pofleffion. ~

The next experiments were made to examine the
penetration of bullets fired with thefe fmall pro-
portions of powder in maffes of timber. For this
purpofe a butt of about 5 feet fquare was framed of
two fheets of the tougheft, dryeft oak plank ; the
firft fheet confifted of planks fet perpendicularly in
the ground : But in the fecond the planks were laid
horizontally, each plank was 65 inches thick, fo
that, the whole butt was 13 inches thick, and was
bound together by crofs pieces, which were well fup-
ported by props: both before and behind. It was
placed about 30 yards from the muzzle of the 18
pounder.

With 1 pound of powder the bullet in repeated
trials always pafled through the whole butt, pene-
trating the firft fheet of oak in a hole, which 'was
free from fplinters, but fplintering the fecond fheet
greatly, and driving the fplinters from 10 to 30
yards diftance.

The firft butt being ruined, another was made of
five thicknefles of plank inftead of two, fo that it was
325 inches through; the doubles here were placed
perpendicular and horizontally alternately, each plank
was trunnelled with three trunnels to that next be.
hind it, and the whole was bound together by crofs
picces, and was moft firmly fhored on both fides.

The 18 pounder fucceflively charged with 3%
pound, with 3 pound, and with 25 pound of powder,
' U s : the
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the bullet in each fhot went through the butt, driving
every time great quantities of fplinters before it;
but the laft thot of 2} of powder made much the
greater ravage; for it drew the trunnels, and fepa-
rated the doubles of plank from each other, and
broke the hindermoft plank (which was 6.1 inches
thick, and 15 inches broad) fhort in two.

As [ was aware, that the refiftance of thefe doubles
of plank was lefs than that of large folid beams of
timber ; I direted a third butt to be made of dry
feafoned beams of Englifb oak, thefe beams were
about a foot and a half thick, and about two feet
broad. Three of them were fet perpendicularly into
the ground clofe to one another; then three more
were laid on each other horizontally for a fecond
row; and three more were fet perpendicularly be-
hind ; the butt thus formed was 44 feet thick, and
was bolted through with iron bolts of 1} inch dia-
meter ; it was befides ftrongly fhored both before and
behind. S

The 18 pounder fired with 6 pound of powder,
the bullet in feveral fhots penetrated into this mafs
of timber from 37 to 46 inches deep: o

With 3 pound of powder the penetration was

near 33 inches. '

With 2} pound of powder the penetration was 28 -

inches.

With 1 pound of powder the penetration was from

14+ to 155 inches. ’

.1 muft obferve, that in all thefe inftances great
care was taken, that each fhot thould be planted in
a freth found part of the butt, where the timbers
had not been injured by the preceding trials ; and I
cannot but take notice, that the iron bolts, which
bolted the butt together, were bent by fhaking of the
beams, as if they had been of {mall wire only.

It may perhaps be objected, that the diftance of
my bute from the piece was too little, and that had
: . , it
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it been removed farther off, the force of the bullets
fired .with their fmall charges would have been much ,
fhort of what I bhave defcribed 3 if this fhould be
- urged, Ianfwer, that I was obliged to place the bute
nearer than I would have done, on account of the
ground, which was a morafs, paffable only in a few .
places. However, I am well fatisfied, thatin much
greater diftances from the piece, the penetrations
would not have been fenfibly fhort of what they
came out in thefe trials. For firing 3 pound of
powder at a firm bank of earth, which was 700
yards diftant, the buliet went through it, where it
was eight feet thick. I muft add, that no.endea-
~ vours . were at any time ufed to augment the force
of the powder; for the bullet was always thruft into -
the cartridge clofe upon the powder, and then the
whole was put up the piece together without ramming,

- and without any wad either upon the powder or the

.bullet. . ,

From all thefe experiments, I hope, my lord, I -
may conclude, that fmall charges are much more ef-
ficacious, than has been generally believed ; that after
- a certain charge (for inftance, 33 pound of powder in
an 18 pounder) all addition of powder will create
" but an inconfiderable change either in the range at
an elevation, or in the force at a diftance: And
- that the penetration of an 18 pounder with 3 pound
of powder is more than fufficient for traverfing the.
fides of the ftouteft fhips. The deductions trom
thefe principles are very numerous, and may prove
of moft extenfive ufe in the fervice of artillery both
at fea and on fhore; but as I have already trefpafied
fo long on your lordfhip’s patience, I fhall refer
thefe confiderations, together with an account of the
trials of another nature, which I made at the fame.
time at Cbatbam, to a future difquifition.

’

Us4 . L
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On pointing, or the dire&ing of cannon
to ftrike diftant objeéts.
’ : o

HE art of pointing of cannon, fo as
to ftrike diftant objeéts, depends upon
two things; the firft of which, is the
tracing on the outfide of the piece’a
vifual line parallel to the axis, by which
means the piece is to be direted in all fmall diftances
of the objects; and theother is, the determining the
allowance to be made in diftant fhot for the incur-
vation of the flight of the bullet. - X
* The firft of thefe is ufually called difparting, and
is performed by taking half the difference of the
diameters of the muzzle and bafe ring, and fetting
it perpendicularly on the muzzle ring directly over
_ the center; for then a line, which pafles from that
point in the bafe ring, which is directly over the
center of the piece, to the extremity of the diftance
thus placed on the muzzle ring, will, when the
piece is truly bored, be parallel to its axis; and
confequently in fmall diftances, where no allowance
is to be made for the incurvation of the fhot, this
will be the proper vifual ray, for pointing the
piece ; and even in diftant thot, where allowances
are neceffary, thofe allowances cannot be regulated,
till this line be firft affigned; for,” as the object
is more diftant, the more muft the piece be elevated
-ahgve the line drawn from the piece to the object.
. ) What
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What this elevation is, in regard to the different
diftances of the objet, and how to be eftimated,
I fhall now proceed to fhew. ~ ’

The incurvation of a fhot towards the ground
in its flight is (ceteris paribus) greater or lefs, accord- -
ing to the different charges of powder made ufe of : -
But as, for reafons explained in another place, we
have fuppofed, that fuch a charge, as produces a
* wvelocity between 1100 and 1200 feet in a fecond,
is in many cafes the moft eligible; we fhall there-
fore take it for granted, that the pieces we are now

confidering, are difcharged with fuch a quantity of
" powder, as will nearly produce that velocity. ‘And
then, if the fhot were not retarded by the refiftance
of the air, the range correfponding to one degrec
of elevation of this piece might be reckoned 450
yards ; to two degrees oo ; to three degrees 1350 3
and fo on; for, independent of the air’s refift-
ance, the ranges at different elevations would be
‘nearly in proportion to thofe angles, at leaft as far
as eight or ten degrees. But the refiftance of the
air will alter the cafe confiderably; for that refift-
ance, by perpetually diminifhing the fwiftnefs of the
bullet, will occafion its track to be more inclirvated,
than would otherwife happen, and confequently the
ranges will be diminithed. And this diminution
of the range will be greateft in the {maller fho,
_as they are more powerfully retarded. And as the
computation of thefe varieties may be thought too
intricate to be perpetually recurred to, in order to
avoid that trouble, I have inferted in the annexed
table the angles of elevation, which in different
pieces correfpond to different diftances.

Aétual
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Actual Angle of elevation.

-range

inyards|| 241b. | 121b. | 9lb. | 61b. | 31b.
1400 |4 12 4. 30 |4 453 |5 O |5 57
1200 ||3 26 |3 40 |3 50 |4 o |4 30

L 1000 |2 45 12 54 (3 ©O |3 7 |3 30
8o ||[2 6 210 |2 13 |2 20 |2 30

| 600 |[x 30 132 {134 |136 |144

. 500 ||1 ¥3 |I 15 |1 17 |1 19 I 22
400 || 58 58x | 59 |1 oz 1 3
joo [ 43 43 43+ 44 43+

b 200 273 282 28+ 283 |, 293
100 || ' 14—| 14+| ‘4zt 143 | 15

By this table, when the diftance of the object is
known, 'the angle, by which the axis of the piece
ought to be elevated above the vifual line, or the
line drawn from the piece to the .object, will be
- readily determined.  For whether the obje@® be
above or below the piece, need not be confidered ;
fince the range will always depend upon the angle,
by which its axis is elevated above the vifual line ;
unlefs the inclination of that line to’the horizon be
much greater than ufually occurs in pradtice. Now
when the angle of the axis with the vifual line is
known, the piece is eafily directed in the following
manner. . _

Meafure the length of the piece from the middle .
of the bafe ring to the middle of the muzzle ring,
and compute the tangent to the given angle of ele-
vation to that radius; this may either be done by
tables of tangents, or fufficiently exaé& for our pur-
. pofe by fuppofing that to a radius of 1 foot, %
of an inch is the tangent of. a degree. This tan-

gent



OF GUNNERY. 31%

gent being found, fuppofe * CHBD to be the given
piece, AB its axis, DE half the difference between
the diameter of the muzzle ring and bafe ring fet
upon the muzzle ring according to our firft di-
retions, fo that CE may be the line ‘of difpart; if:
now CG be erected upon the bafe ring equal to the.
tangent of elevation juft found, then the line GE .
will be the proper line for the pointing of the piece ;

for, when thatline is directed to the object, the piece

is juttly laid.

If the direCtions here given are literally followed,
there will be two perpendiculars ereéted, one upon
the muzzle ring, and one upon the bafe ring, but in
praftice one is fufficient; for if GC . exceed DE,
that difference only. ereCted upon the bafe ring -
will with the muzzle ring at D give the line of
direCtion ; and if DE exceeds GC, the fame dif-
ference érected on the muzzle ring will in like manner
with the bafe ring at C give the direftions of the

iece. :

I find, that the charge of powder producing fuch
a velocity, as I here fuppofe to be the moft eligible,
is from % to 1 of the weight of the bullet in
powder, the different goodnefs of powder, and the
difference in the lengths of pieces producing that di-
verfity. And though by a variety in the charge the
velocity fhould not be exaétly what is here fuppofeds,
yet in diftant objeéts (where the principal difficulty lies'?
the inequality arifing from thence will not be re-
markable ; or if it be, it may be eafily rectified af-
ter the fuccefs of three or four fhot have been at-
tended to.

I fhall only add, that in diftances not exceeding
500 yards it is not neceffary to recur to the table
inferted above; nor to make any difference in the
pointing of the different pieces. For if in thofe

® Plate IL. Fig.-13, o
: fhort

i
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fhort diftances ; of a degree be fuppofed to be the.
inclination correfponding to every 100 yards, the

refult will in all kinds of cannon be fufficiently near

for practice ; as will readily appear to thofe, who fhall

compare the inclinations deduced from this rule with

the angles inferted in the table.

Here ends Mr. Robins’s manufcript. I am fen-
fible, he wrote other tracts on this X)bje& of gun-
nery, befides thefe I now publith. In particular, .
on the gth of April 1747 there was read before
the Royal Society a Letter of his to admiral Anfon,
on occafion of the manufcript put into his hands by
the admiral, which was taken on board the French
thip the Mars : and alfo, on the 2d of the following
Fuly, a Diflertation of his concerning the nature and
. advantage of rifled barrel pieces. This I have
heard much commended by feveral gentlemen, who
were prefent at its reading.

From his memorandums, I find, he had made
many experiments on thefe forts of barrels during
the month of March in 17453 and to a rough
draught of a Difcourfe on the irregularities- fhot
were liable to (which irregularities he has fully
defcribed at page 196 &c. of the foregoing tracts)
he fubjoined what follows.

. ¢ I muft add, that the fole advantage of rifled
¢« pieces is their preventing this irregularity ; for.
« by the fpiral turns of the rifle, clofely confining
¢ the bullet, they give it a rolling motion round an
¢ axis, which is coincident with the line of its di-
¢ retion, by which means its refiftance is equal on
s¢ every part of the furface, that goes foremoft;
¢ and if a fmall inequality fhould at any time
¢« intervene, it will be prefently rectified by that
¢¢ part fhifting to the contrary fide of the axis.

¢ And this is agreeable to what has been uni-
¢ verfally practifed in relation to arrows; for fthc

. \ [ Ca-
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€< feathers of an'arrow (as is well known to archers)
¢ are always placed in a fpiral form, fo as to make
¢ an arrow {pin round its axis, without which their
¢ eye-fight would inform them, that the arrow
* ¢¢ undulated in the air, and did not keep accurately
¢ go its direction, This principle is confirmed
¢ too by the neceffity, which every fchool-boy
6 f;mds himfelf under of making his fhuttle cock
¢ {pin. ‘ ‘ S

o I have made fome experiments on fimpler
¢ methods of performing this, and applicable- to
¢ iron bullets ; my fuccefs as yet has not been what
¢¢ I could with; but it has however been fufficient
sc.to encourage a farther profecution, which if I
_¢¢ fhall ever purfue farther, I know not.”

Befides, in a Letter Mr. Robins wrote to Aiex-
ander Hume, Efquire, dated Fert St. David, 18 Offo-
ber 1750, there is the following paffage commu-
nicated to me by Charles Frederick, Efquire, furveyor
. general of his"Majefty’s ordnance,

——« If you remember, what paffed in con-
¢¢ verfation with Mr. Frederick in relation to light
s¢ pieces of cannon; you will not be difpleafed to
¢ hear the refult of fome trials, I have made fince
* my arrival here. Thefe trials were made with
¢ two fix pounders, both of them elevated to 11°. .
¢ One of thef¢ was a heavy piece, weighing
¢t above 21 hundred weight, and about eight feet
& in length. The other was only four feet three
¢ inches long, and weighed but five hundred
¢ weight. The fhort piece being loaded with 1}
¢ pound of powder, and the long piece with three
¢ pounds; and four fhot being fired from each;
“ it was found, that the two moft diftant ranges
¢ of the fhort piece exceeded the two leaft ranges
¢¢ of the long piece, and that the medium of the
¢ ranges with the long piece exceeded the medium
# of the ranges with the fhort piece by little n:}?rc
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¢ than 300 yards in 2500 yards. All which; I
¢ believe, Sir, you will, on recolletion, find te
* be confonant to what I afferted at your houfe.
< I hope to procure fome iron pieces nearly as
¢ light as the abovementioned fix pounders. Thefe
#< pieces in this country being. of infipite fervice
“ in the field.”

I fhall conclude this volume with two difcourfes
on the height, to which rockets afcend s the firfk
written by Mr. Robins, the other by his fncnd
Mr. Ellicost.

Obfcf-
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Obfervations on the height to which
" .yockets afcend, Read before the
Ro al. Society, May 4, 1749, and
ublithed in the Philofophical Tranfz
a&lons, Numb 492

. ufc of rockets is, or may be, fo

ifiderable in determining the pofition

diftant places to each other, and in

ing fignals for naval or military pyre

es; that I thought it worthw ileto .

beighth they.- ufually rife to, the
betier to determine the extent of the country,
through which they can be feen. I therefore, at
the exhibition of .the late fire-works,- defired a ,fnend
of mine, who.l knew.intended. to be only 2 diftant
ﬁ;e&am.r, to oblerve -the angle of elevation; .to
which the greatet part-of them rofe; and likewifs
the angle made by the rocket, of rockcts, ‘which
fhould rife the higheft of all, ‘

My friend was provided . with an xnﬁrum;nt,
whofe radius was 38 mchcs; and, to avoid au
uncertainty in its motion, it was ﬁxed in. an in-
‘variable pofition ; and its field, which took in ten
degrees of altitude, was gdivided by horizontal
theeads.  The flation, my frigad chofe, was on the
top of Dr. Nifbeyt’s houle in Kingfireet near Cheap-
Jide, where he had a fine view of the upper pa.r;
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of the building erected in the Green-Park. There
he:qbferved, that the fingle rockets, which rofe the
mbft erect, were ufually elevated at their greateft
height about 6°% above his level; and that amongft
thefe there were three, which rofe to 7°;; and that
in the lalt great flight of rockets, faid to be 6000,
the creft of, the arch, formed by their general figure,
was elevated about 8°}. From the care and dex-
terity of my friend, and the nature of the inftru-
ment, I doubt not, but thefe obfervations are true
within a few minutes. :

The diftance of this ftation from the building
~in the Green-Park is 4000 yards, according to the
laft great map of London: and hence it appears,
that the cuftomary height, to which the fingle, or
honorary rockets, as they are ftyled, afcended, was
near 440 yards; that three of thefe rofe 526 yards;
and that the greateft height of any of thofe, fired
in the grand girandole, was about 615 yards: All
reckoned above the level of the place of obfervation,
which I efteem to be near 25 yards higher than
the Green-Park, and little lefs than 15 yards below
the chefts, whence the great flight of rockets was
difcharged.

It feems then, there are rockets, which rife 600
yards from the place, whence they are difcharged :
And this being more than a third part of a mile, it
follows, that, if their light be fufficiently ftrong,
and the air be not hazy, they may be feen in a level
country at above 50 miles diftance.

The obfervations on the fingle rockets are fuffi-
ciently confonant to fome experiments, I made
myfelf about a fortnight fince: for then I found,
that feveral fingle pound rockets went to various
heights between 450 and 500 yards; the altitude
of the higheft being extremely near this laft number,
and the time of their afcent ufually fhort of feven

feconds.. . .
. But"



Or GUNNERY. gar

But though from all thefe trials it thould feem,
as if good rackets of all fizes had ‘their heights
limited between 400 and 600 yards’; ‘yet 1.am: dif-
pofed to believe, that they may be made to reach -
much greater diftances. This, I in fome degree
collé& ‘from the nature of their compoﬁuon, and
the ufual imperfét manner of forming them. -

Nor is this merely matter-of fpeculanon for I
lately faw a dozen og four pound‘rockets ﬁred ; the
greateft part of which took. up near fourteen feconds
in their afcent, and were totally obfcured in a cloud
near nine or ten féconds of the time; fo that the
moment of their ‘burfting:wab ‘only obfervable by a
fudden glimmering through the clouds. And as
thefe rockets, during the time they were vxﬁble,
were far from moving with. aAlanguld motion ; I
cannot but conceive, that the extraordinary time of
their alcent muft have bgen. attcndcd by a very
" vnufual, rife.

o

I
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o THEN

An account of fome experiments, made

. by Benjamin Robins, Eig; F. R. S.
Mr. Samuel Da Coffa, and -feveral
other gentlemen, in order to difcover
the height to which rockets may be
made to afcend, and to what diftance
their light may be feen; by Mr. Fobn
Ellicort, F.R. S. Read before the
Royal Society December 13, 17750,
‘and ‘publifhed in the Philofophical
Tranfa&ions, Numb. 496.

‘ .}E: i OON after the exhibition of the fire-
A7 J works * in the Green-Park, Mr. Robins
»")\\, 8! communicated to this Society an ac-
CoW®. count -of the height, to which fe-
veral of the rockets there fired were obferved to
rife. In this account, after having given a fhort
defcription of the inftryment with which the heights
were meafured, he obferves, that the cuftomary
height, to which the fingle or honorary rockets, as
they are ftyled, afcended, was about 465 yards;
that three of them rofe to about 550 yards; and
the greateft height of any of thofe fired in the grand
girandole was about 6oo yards. He likewife fur-
ther obferved, that, fuppofing rockets are made to

-

* On oceafion of the late peace.
4 - afcend
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afcend 600 yards, or more than a third of 4 mile,
it follows, that, if their light be fufficiemtly ftrong,
and the air not.hazy, they may be feen in a level

ountry at about 50 miles diftance; and that from'
the nature of the compofition, and the ufual im-.
perfect, manner of forming them, he was of qpi-
nion, that rockets were capable of being greatly
improved, and made to reach much greater
diftances. A '

Mr. Robins ot having been gble to obtain any
certain account to what diftance any of thefe rockets
were actually feen, and confidering the great ufe
- that might be made of rockets in determining the
polition of diftant placés, and in giving fignals for
naval and military purpofes, he refolved to order
fome rockets to be fired at an appointed time, and
to defire fome of his friends to look out for them
at feveral very diftant places, '

The places, fixed upon for this purpofe, were
Godmarfbam in Kent, about 5o miles diftant from
London; Beacon-Hill, on. Téptery-Heath in' Effes,
at about ‘40 miles ;- and Barkway, on the borders of
Hertfordfbire, about 38 miles from Lowdon. .
- Mr. Robins. accordingly ordered fome rockets to
be nmiade by a perfon many years employed in' the
Royal Liboratory at #oslwichs-to which fome gen-
tlemen, .who had been informed of Mr. Robins’s
intentions,- added fome othérs of their own making;
The 27th of September, 1748, at eight in the eve-
‘ning, was the time appointed for the firing of thein’s
but shrough the. negligence of the engineer, they
were not let. off till . ahove half an hour after the
time agreed ypen. Tlere were in all'a dozeh
rockets fired from Dondon-Field at Huckdey, and thé
heights were meafured by Mi. Gantos; Mr. Robis
being. prefent,” at the diftance of about 1200 yards
from the poft from whence the’ rockets were- fireds
The greateft part of them did not rife to above

X 2 400
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400 yards; one“to about 500, and one to 600
yards nearly. )

-'By-a letter I received the next day from -the
Reverend Dr. Mifon of Trinity-College, Cambridge,
who had undertaken to look out for them from
Barkway on “the borders of Hertfordfbire, 1 was in-
formed, that, having waited upon a hill near the
town with fome of his friends till about half an hour
paft the time appointed, without perceiving any
rockets, as they weré returning to the town, fome
of the company feeing through the trees what they
took to be a rocket, they immediately haftened back
out of the clofes into the open fields, and plaiply’
faw four rife, turn, and fpread. He judged, they
rofe about one degree above the horizon, and that
their lights were ftrong enough to have been feen
much further. -

From Effex 1 was informed, that the perfons
on Tiptery-Heath faw eight or nine rockets ve
diftinctly ‘at about half an hour paft eight; an
likewife greatly to the eaftward of thofe five or
fix more. The gentlemen from Godmar/bam in Kent,
having waited till above half an hour paft eight
without being able to difcern any: rockets, " they
fired half a dozen, which from the bearings of the
places were moft' probably -thofe feen to the- caft-
ward by the perfons upon Tiptery-Heath; and - if
the fituations, as laid down in the common maps,
are to be. depended upon, at- about' 35 miles
diftance. . = . " o S

The engineer being of ‘opinion, that he could
make fome rockets of the fame fize as the former,
that ‘fhould rife much higher, Mr. Robins ordered
him to make halt a dozen. Thefe laft were fired
the 12th of Oftober following from the farhe place,
and in general they rofe nearly to the fame heights
with the foregoing ; excepting one, which was ob-
ferved to rife 690 yards. The evgniog provedhvery»
AU azy,

\
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bazy, which rendered it impofiible for. them to
be feen to any confiderable diftance. -

It being obferved: in thefe. trials, that the largeft
of the rockets, which were about two inches and
3 .half .in diameter, rofe the hlghc& Mr. Robins -
intended to have made fome more experiments, in
order to a further difcovery, .what. fized rockets
would rife hlghcﬁ But his engagements with the
Eafi-India company . preventing him, Mr. Samuel
Da Cofta, late of Devonfbire-Square, a gentleman of
3n cxtra.ordmary genius in mechanicks, and indefa-
tigable in the application ; Mr. Banks a gentleman,
who had for many years pra&ifed making rockets,
and: two other perfons, undertook the profecuting
thefe enquiries ; and having made feveral experi-
ments, as well with regard to the compofition as
the ilength which rockets might be made to beag
~ in - proportion to their diameters, and of different
fized rockets from one inch and a half to four inches
diameter, they intended this winter to have made
trials of fome of yet greater dlamcter, had not
the death of Mr. Da Coffa prevented it.

‘1 fhall therefore beg leave to give fome account
of the fuccefs, which has hitherro attended this
undertaking, fo far as they went: and as it has
been much beyond what was expected, I am in
hopes, this fhort relation will not prove unaccep-
table. -

Amongft fome rockets fired in the lal’c fprmg,
there were two made by Mr. Dg Gofia of about
three inches and a half dxameter, which were ob:
ferved to rife, the one to aboup 833, the other
10 ¢i5 yards. At a fecond trial; made fome tim¢
after, there was one made by Mr. Ba Csfta, of four
inches diameter, which rofe to 1190 yards. The
Jaft trial was made the latter end of April 1750,
where 28 rockets were fired in all, made by dif-
fctcn: perfons, and -of different . ﬁzes, from ong
X3 : inch

-
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inch and a half diameter to four inches; the mof¥
remarkable of each fize were, as follows; one of one
inch and a half rofe to 743 yards; one of two
inches to 659 ; one of two inches and a half to °
880 ; another of the fame fize, which rofe to 10413
one of threc inches to 12543 one of three inches
and a half to 1109 ; and one of four inches, which,
after having rofe to near 700 yards,, turned, and
fell very near the ground, before it went out. Thefo
were all made by Mr. Da Cafia. Befides thefe there
was one of. the rockets of 24 inches in diameter,
which rofe to 784 yards, and - another made by
Mr. Banks of the fame fize to 833. :

As the making of large rockets is not only ver
expenfive, but likewife more uncertain than th
of a lefler fize; fo from the laft experiments it is
evident, that rockets from two inches and a half to
three inchesand a half diameter, are fufficienttqanfwes
all the purpofes they are intended for; and 1 doubt
not may be made to rife to a height, and to afford -
a light capable of being feen to confiderably greater
diftances than thofe before mentioned. »

Before I conclude this. account, it may not be
improper to take notice, that, though the heights
of the rockets are fet down to a fingle yard, it is
not pretended, the method made ufe of (though
fufficient for all the purpofes of thefe experiments)
is capable of determining the heights to fo great an
exatnefs; for, as they were meafured by only
one obferver, it is evident, that if any of the rockets
deviated from the perpendicular, fo as either to
incline towards the place of obfervation, or to de-
cline from it, the height would be given either
greater or lefs than the truth; but as the bafe, upon
which they were meafured, was 1 190 yards, the greateft
error, that can arife on this account, will be but
- wvery inconfiderable.  If we fhould fuppofe, there

might be an error of 30, or-even 50 yards, which
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is very highly improbable; it muft thed be allowed,
that feveral of thefe rockets rofe to 1000 yards, one
to 1100, and another to 1200 yards, or double to
any of thofe fired in the Green-Park. ,

I have been informed, that the relation of thig
affair has appeared fo very extraordinary to fome
gentlemen converfant in fuch matters, that the;
have mentioned it as their opinion, that there gu
certainly have been fome miftake, either in placing
the inftrument, taking the heights, or otherwifa.
1n anfwer to which I would obferve, that, in all
the experiments mentioned in thiy paper, the heights
were all taken by the fame perfon, viz. Mr. Jobx
Canton, and that the laft trial was made jn tife
prefence of feveral very worthy members of this
Society. That the inftrument, being firft fixed to
a proper angle, was not altered during the whole
time of trial ; and therefore, if there had been any
miftake in fixing it, that miftake would have varied
the height of all the rockets as much as thofe of
Mr. Da Cafta’s 5 but it was thofe of Mr. Da Coffa’s
only, and that at three different trials, which rofg
to fuch -extraordinary heights; and therefore, ;
think, we have fufficient reafon to conclude, that
their meafures were certainly taken very near the

tﬂlth.
>

X4 After.
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* After the foregoing fheets were printed off, a
copy of Mr. Rebins’s difcourfe about rifled barrels,
mentioned above, was communica’ed to me by my
friend Dr. Broklefty,” phyfician to the army; he
having received it from colonel Draper, whofe mar-
tial atchieveménts in the Eaff-Indies have added a
farther 'luftre to ‘the charaéter of the polite fcholar
‘and fine gentleman, S
*This gifcourfe was read before the Royal Society
JImmediately after that at page 218, and is as
follows. - , ‘

.....

PRI DV . OF TH E

NATURE @#d ADVANTAGE
. o O F L

glodo ‘N1 ‘ N
-+ Rifled Barrel  Pieces.
AVENG: treated: at large 'in the pre-
ceding papers of ‘the numerous irre-
gularities, which take place in moft -of
the operations of gunnery by the deflec-
: tion ‘of the projectiles trom their firft
waccuon, wnich, as.we have feen, -is occafioned by
their whirling motion; it is now but reafonable to
confider of the moft effetual means for preventing
thefe troublefome and perplexing deviations. But
before I offer any methods of my own for this pur-
fe, it is proper- to defcribe a practice, which has
ong prevailed:-in feveral parts of Europe; and
which, though in.all probability ariginally intended
for different ends, doth 'yét in many inftances pre-
vent the deflection here treated of ; the producing of
this effet being indeed the fole excellence, all its
other boafted advantages appearing on examination
to be only imaginary. o .
| The

.‘. - - - \
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‘The method I have here in view, .and. which I
propofe as the fubject of the prefent effay, is that by
rified pieces: and thefe pieces, though well known
on the continent, being but little ufedin Ezngland ; it
is neceffary to give a Thort defcription of their make,
and of the particularities, in which they differ from
the common pieces.  For which purpofeé I muit ob-
ferve, that the effential difference between them is
this. That a common piece has its barrel {mooth on
‘the infide, whereas the rifled piece has its cylinder
cut with a number of fpiral channels 3 fo that it is in
reality a female fcrew, varying from the fabrick of
~ comthon {crews only in this, that its threads or rifles
are lefs deflected, and approach more to a right line;
it being ufual for the threads, with which the rifled
barrel is. indented, to take a little more than one turn
in its whole length. The numbers of thefe threads
in each barrel are different, according to the fancy of
the workman, and the fize of the barrel ; apd in like
manner, the depth thefe channels, or rifles, are cut
down to, is not regulated by any invariable rule;
but differs according to the country, where the work
is performed, or'thecaprice of the artificer. . This is
the general idea of a rifled barrel, as oppofed to a
common”one ; and the ufual method of. charging it
(though there are different pratices, which will here-
after be more minutely examined) ‘is ‘this. When
the proper quantity of powder is put down, a leaden
bullet is taken a fmall matter larger, than'the bore
of the piece was, before the rifles were cut; and
this bullet being laid on the mouth'of thé.piece, and
being confequently too large to gé down i‘)_f%ffélf, it, is
" forced by a ftrong rammer, impelled by .3 mallet,
and by repedted blows is.driven home to the powder ;
and the foftnefs of the lead giving way to. the vio-
. lence with'which the bullet is.impelled'; that zone of
the bullet, which is contiguous to the piece, varies
‘its arcular forms and takes the fhape of ‘the inﬁdtfz
e RN ' coe e : LR o
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of the barrel: fo that it becothes the part of 2 male
fcrew, exallly fitting the indents of the rifle. Anrd
here it happens, that, when the piece is fired, that
indented zone of the bullet follows the {weep of the
rifles ; and thereby, befides its progreflive motion,
acquires a circular motion round the axis of the
iece, which circular motion will be continued to the
ullet, after its feparation from the piece ; by which
means a bullet difcharged from a rifled barrel is con-
ftantly made to whirl round an axis, which is coinci-
dent with the line of its flight. And hence it fol-
lows, that the refiftance on the foremoft furface of
the bullet is equally diftributed round the pole of its
circular motion; and alts with an equal effort on
every fide of the line of direftion; fo that this re-
fiftance can produce no deviation from that line.
And (which is ftill of more importance) if by the
cafual irregularity of the foremoft furface of the
bullet, or by any other accident, the refiftance
fhould be ftronger on one fide of the pole of the
circular motion than on the other; yet, as the place;
where this rgrcater refiftance ats, muft perpetually
fhift its pofition round the line, in which the bullet
flies, the defletion, which this inequality would oc-
cafion, if it acted conftantly with the fame given
tendency, is now continually rectified by the various
and contrary tendencies of that difturbing force,
during the courfe of one revolution.

This perpetual corretion of a deflective effort on
the foremoft furface of the bullet, in confequence of
the revolution of the bullet round the line of its
diretion, may perhaps be exemplified, by confider
ing what happens to a caftle-top, whilft it fpins upon
#ts point. For it will be eafily acknowledged} that
this, without its revolving motion, could pot con«
tinue for the leaft portion of time in that fituation,
And if we examine, how this happens, we fhalf
find ; that, though its center of gravity is not

cxally
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cxaétly over the :point, it fpins on; yet that in«
equality cannot inftantly bring it to the ground ac-
cording to its natpral effort; becaufe, during one
revolution. the center of gravity preponderates on
every fide of the top; and thereby raifes it as much
in one place, as it deprefled it in another. - And this
reafoning (fuppofing that the tendency of the center
. of gravity ofP the top to defcend, be analogous to
the attion of the unequal refiftance on the foremoft
furface of a bullet fired from a rifled barrel) wilp
eafily explain how, notwithftanding that inequality,
the bullet keeps true to its track without deflection.
And what is here advanced, is farther confirmed by
the general practice with regard to arrows. Foritis -
well known to every archer, that the feathers of an
arrow are placed in a fpiral form fo as. to make the
arrow fpin round its axis, without which it would be
ebvious to the eye, ‘that the arrow undulated in the
air, and did not keep accurately. to its direCtion,
And it is owiag to the fame principle, that every
fchool-boy finds himfelf under the neceflity of
making bis fhuttle-cock fpin, before he can depend
upon the truth of its Aight.
 This is the general theory of the motian of buls
bets difcharged from rifled pieces; and it is found by
experiment, that their aétual motions correfpond
very well with-thefe fpeculations.  For the exaétnefs,
which thofe, who are dexterous ip the ufe of thefe

jeces, attain to, is ipdeed wonderful ;. and that at
uch diftances, that if the bullets were fised from
the common pieces, in which the caftomary aberra-
tion takes. place, not one in twenty of them could
ever: be traced. Co g
- But what eccurs moft wonderful in this. affir, is;
that a method fo fingular and fb fuccefiful, and
* which hath been fo long and generally pradtifed in
many parts of Germagy and Swiffeniand, 1d have
is theory. {0 lictle underfiood; as: it appears-vo nl:vtb
: (4
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have been.  For by all, I have been.able to recolle&,

Iam fully fatisfied, that neither the inventor of this
method, nor the practifers of it, nor any of the.
numerous authors, who have written about it,. have
been at all apprized of the true and genuine advan-.
tages hence arifing ; but have conftantly reprefented:
the intention of it to be very different, from what I
have here defcribed; and :have fuppofed it to be
attended with: cenveniencies, . which, .by a long feries
of experiments, I know to be altogether imaginary.
For the truth of what I here:advance, it might per-:
haps be fufficient to appeal.to thofe gentlemen, who
have at any time examined astificers, or thofe fkilled
in the practice of thefe pieces, about the ufe and in-
tention of the rifles. For I doubt not, but they have
found, as I have done, that one or.all of the three
following reafons have been - conftantly .alledged.
Either that the inflammation. of the powder was
greater by the refiftance, which. the bullet thus
forced into the barrel gave thereto, and that hereby
the bullet received a much greater impulfion, than it
would have done from the {fame quantity of powder
in a common piece 3 or that the bullet by the com-
pounding of its- circular and revolving motion: did,
as it were, bore the air, and. thereby. flew to a muck
greater diftance,. than it would othgrwife have dones
or that by the.fame boring moatien it made -its way
much eafier through all folid {ubftances, and pene-
trated much deeper into them;: than if difcharged in
the common manner. Lo o
. Thefe are the reafons, which I-have always heard
urged upon this occafion. And, as. a proof, that
this is the light, in which thofe authors have con-
fidered it, who have purpofely treated of the fubjett;

- I fhall quote.the lateft, I.believe, who hath writteh
about it; and who appearing himfelf to be a practi-
gioner, and to be extremely inquifitive and curious in
every branch ;of this bufinefs, may be fuppofed o
LA give
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give the moft authentick account of what was gene-
rally believed in this matter. ‘The perfon, I mean;
is Fobn George Lewtman, féllow of the Imperial
‘Academy of Sciences at Peterfburg : in’ the alts of
which academy he has-publithed two differtations.
The firft of them about the manner of forming thefe
rifles. De fulcis-cochleatis ad datam diftantiam tubis
Sclopetarum relte inducendis. The fecond containing
certain curious remarks and experiments on the u(%
of rifled pieces. Annotationes et experimenta quedam
rariora et curiofa ad vem folopetariam pertinentia ®.
In the firft of thefe tratts he gives the following
account of the intention of thefé pieces.-
- Primus, qui banc finkit in tubis formam, proculdubio
eum babuit finem, ut globus per gyrum, ope cochlearum,
indutum, acrem terébrando facilius pemetret atque fecet,
probibeatque, ne linea directionis, globum impellens, a
reiia nimium deflefiar via, et tandem corpus refiftens,
ad quod tendit globus, vebementius feriatur et trajefle-
tur, quando globus gyrandollud perserebrat't. Where,
though one part of it feems to point out that advan-
tage, which I have above afferted to be the only one
attending this practice ;- yét by a more careful atten-
tion to the words, “and by comparing’ them’ with
what he fays in other places; -it, appears, that they
relate o' fome fancied corivenience in the impulfe of
the powder, and not! to ¢li¢ retitude of' the track,'in
which the bullet flies.' - 00 .
. Now that one ofthe three foregoing reafons hold
true in the ufe of thefé picces; I have fatisfied my-
felf by numbers of ‘experiments: made with rifled
barrels of various fizes.- For in thefe experiments I
have found, that the welocity of the bullet, fired
from a rifled barrel, was ufually lefs than that of the
bublet fired from a commeon piece with the fame pro-

* Tom. IV. Ann. i729."p. 265. + .4 Tom. IIL.
Ann, 1728, p..156. 9 o o
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portion of powdes. Indeed it is but reafonable to
expet, that this fhould be the cafo. For if the
rifles are very deep, and the bullet is large enough
to fill them up, the friction bears a very confiderable
ion to the effort of the powder; and that in
this cafe the friion is of confequence enough to
have its effeéts obferved, 1 have difcovered by the
continued ufe of the fame barrel. For the metal
of the barrel being foft, and wearing away apacs,
its bore by half a year’s ufe was fenfibly enlarged ;
and eonfequently the depth of its rifles diminifhed,
and then 1 found, that the fame quantity of the fame
powder would give to the bullet a velocity near a
tenth part greater, than what it had done at firft.
And asthe velocity of the bullet is not encreafed by
the ufe of rifled barrels ; o neither is the diftance,
it flies: to, or its penetration into folid fubftances.
Indeed thefe two laft fuppofitions appear at firft fight
too chimerical to merit a formal confutation. But I
cannot. help obferving, that thofe, who have been
habituated to the practice of thefe pieces, are very
excufable in having given way to thefe prepofieflions,
For they conftantly found, that with them, th
could. fire at a mark with tolerable fuccefs; th
it were placed at three or four times the diftance, to
which the ordinary pieces wete fuppofed’ to- reach.
And therefore, as they were ignorant. of the true
caufe of this variety, and did not knew, that.it arofe
only from. preventing the deflection of the ball ; it
was. net unnatural: for them to imagine, that the
fuperiority, in the effect of the riffed piece was owing,
cither to a more violent impulfe at firft, or to a more
eafy ‘paffage through the air.. , .

. This may fuffice’as to the general idea of the form
and convenience of - a rifled piece ; and before I enter
into'a degail of the varieties ig its fabrick, and manner
of charging it, or engage in any minute difcuffions

- relating thereto ; it will be expedient to infert forse
. experiments,
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experiments, by which it will appear, how well it
an{wers the purpofe, I have mentioned above; I mean
that of keeping the ball to its regular track, by fprc-
venting that gcﬂc&ion, which, as we have feen,
takes place in the bullets fired from common pieces.

And firft I confidered, that in confequence of the
reafoning about the manner, in which it produces
this effet; it fhould follow, that the fame hemi-
. {phere of the bullet, which lies foremoft in the piece,
muft continue foremoft during the whole courfe of its
- flighe,

To examine this particular, I took a rifled barrel
carrying a bullet of fix to the pound ; but inftead of its
leaden bullet, I ufed 2 wooden .one of the fame fize,
made of a foft {pringy woed, which bent itfelf eafily
into the rifles without breaking. And firing the
p}ilecc thus loaded againft a'wall at fuch a diftance, as
the bullet might not be fhivered by the blow ; I
always found, ‘that the fame furface, which lay fore-
moft in the piece,. continued foremoft without any
fenfible deflettion, during the time of -its flight.
And this was eafy to be obferved, by examining the
bullet; as both the marks of the rifles, and the
part that impinged on the wall, were fufficiently

. apparent. S

ow, as thefe wooden bullets were but the fix-
teenth part of the weight of thofe of lead ; I con-
clude, that if there had been any unequal refiftance -
or defleftive power ; its effects muft have been ex-
tremely fenfible upon- this light body; and confe-
quently in fome of the trials I made, the furface,
which came foremoft from the piece, muft have
been turned round into another fituation.

But again, I took the fame piece, and loading it
now with a leaden ball, I fet it nearly perpendicular,
floping it only three g four degrees from the per-
pendicular, in the direction of the wind; and firing
it in this fituation, the bullet generally contix;ucd

' about
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about half a minute in the air, it rifing by computa«
tion to near three quarters of a mile, perpendicular
height.

' lgn thefe trials I found, that the bullet comimonly
came to the ground to the leeward of the piece, and
at fuch a diftance from it, as nearly correfponded to
its angle of inclination, and to the ‘effort of the
wind ; it ufually falling not nearer to the’ piece than
a hundred, nor farther from it than a hundred and
fifty yards. And this is a ftrong confirmation of
the almoft fteady flight of this bullet for about a
mile and a half.  For were the fame trial made with
a common_ piece, I doubt not, butr the deviation
would often amount to half a mile, and perhaps
confiderably more; though this experiment would
be a very difficult one to examine, on account of the
little chance there would be of difcovering, where
the ball fell. '

But it is now time to mention the varieties of thefe
pieces, and the different methods made ufe of in
different places for charging them.

The moft ufual is doubtlefs, what I have already
recited, that of forcing a leaden bullet down the
piece by a ftrong rammer driven by a mallet. But
in fome parts of Germany and Swifferland, ‘an im-
provement is added to this practice; efpecially in
the larger pieces, which are ufed for fhooting at
great diftances.

This is done by cutting a piece of very thin lea-
ther, or of thin fuftian, in a circular fhape, fome-
what larger than the bore of the barrel. | This circle
being greafed on one fide is laid upon the muzzle with
its greafy part downwards, and the bullet, being
placed upon it, is then forced down the barrel with
it ; by which means the leather or fuftian inclofes:the
lower half of the bullet, and by its interpofition be-
tween the bullet and the rifles, prevents the lead from
being cut by them. But it muft be rcmcmber;d,

‘ that
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‘that in thofe barrels, where this is practifed, the
rifles are generally fhallow, and the bullet ought not
“to be too large. ‘ .
_ As both thefe methods of charging at the mouth
‘take up a gooddeal of time ; therifled barrels, which
have been made in England (for I remember not to
‘have feen it in any foreign piece) are contrived to
be charged at the breech, where the piece is for this
‘purpofe made largér than in any other part. And
the powder and bullet are put in through the fide
-of the barrel by an opening,” which, when the piece
is loaded, is filled up with a fcrew. By this means,
when the piece is fired, the bullet is forced through
the rifles, and acquires the fame fpiral motion as in
the former kind of pieces. And perhaps fomewhat
of this kind, though not in the manner now prac-
- tifed, would be of all others the moft perfect method
for the conftruction of thefe forts of barrels.

After what hath been faid of the advantages of
‘thefe pieces, I muft make a few animadverfions upon
their defefts. And in the firft place I muft obferve,
that though the bullet impelled from them keeps for
a time to ‘its regular track with fufficient nicety ; yet,
‘if its flight be fo far extended, that its track is much
incurvated, it will then often undergo confiderable
deflections. This according to'my experiments arifes
from the angle at laft made by the axis, on which
the bullet turns, and the direction in which it flies ;
for that axis continuing nearly parallel to itfelf, it
muft neceffarily diverge from the line of the flighg
of the bullet ; when that line is bent from its orj-
ginal direction ; and when it once happens, that the
bullet whirls on an axis, which no longer coincides
with the line of its flight ; then the unequal refiftance
defcribed in the former papers will take place, and
the defleting power hence arifing will perpetually
encreafe, as the track of the bullet, by having its

Vor. L Y range
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range extended, becomes more and more incus-
vated. .
This matter 1 have experienced in a {fmall rifled bar-
rel piece carrying a leaden ball of near half an ounce
weight. For this piece, charged with one drachm
of powder, ranged about 550 yards, at an angle of
twelve degrees, with fufficient regularity ; but being
afterwards elevated to twenty-four degrees, it then
ranged very irregularly, generally deviating from the
line of its direction to the left, and in one trial not
lefs than one hundred yards. ,

This apparently arofe from the caufe above men-
tioned, as was confirmed by its conftant. deflection
to the left; for by confidering, how the revolving
motion was continued with the progreflive one, it
appeared, that a deviation that way was to be ex-

ed.. ~
'PcThc beft remedy, 1 can think of for this defec,
is the making ufe of bullets of an egg-like form in-
ftead of fpherical ones. For if fuch a bullet hath
its fhorter axis made to fit the piece, and it be placed
in the barrel with its fmaller end downwards ; then
it will acquire by the rifles a rotation round its larger
axis ; and its center of gravity lying nearer to its
forepart than its hinder part, its longer axis will be,
conXantly forced by the refiftance of the air into the
line of its flight. As we fee, that by the fame
means arrows conftantly lie in the line of their direc-
tion, however that line be incurvated.

But befides this irregularity already treated of,
there is another circumftance in the ufe of thefe
pieces, which renders the fight of the bullets uncer-
tain, when fired at a confiderable elevation. For I
find by my experiments, that the velocity of a bullet
fired with the fame quantity of powder from a rifled
barrel, varies much more from itfelf in differeng
trials, than when fired from a common piece.

3 . . This,
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" This, as I conceive, is owing to the great quan-
- tity of friction, and the impoffibility of rendering it
equal in each experiment. Indeed if the rifles are.
- not deeply cut, and if the bullet is nicely firted to
the piece, fo as not to require a greag force to drive
it down, and if leacher or fuftian well greafed is made
ufe of berween the bullet and the barrel in the man-
ner defcribed above 5 perhaps by a careful attention
to all thefe particulars, great part of the inequality
in the velocity of the bullet may be prevented, and
the difficulty in queftion be in fome meafure ob-
viated : but till this be done, it cannot be doubted,
but the range of the fame piece at an elevation will
vary confiderably in each trial ; although the charge
be each time the fame. And this I have myftif ex-
perienced in a number of diverfified trials with a rifled
barrel piece, loaded at the breech in the Englifh
manner. For here the rilles being indented very
deep, and the bullet being fo large’as to fill them
. up compleatly ; I found, that, though it flew with
a fufficient exaétnefs to the diftance of four or five
hundted yards ; yet, when it was raifed to an angle:
of about twelve degrees (at which angle being fired
with_about one fitth of its weight in powder, ‘its
medium range is nearly a thoufand yards) in this
cafe, I fay, I found, that its range was variable,
although the greateft care was taken to prevent any
inequalities in the quantity of the powder, or the
manner of charging. And as in this cafe, the angle
was too fmall for the firft mentioned irregularity to
produce the obferved effefts; they can only be im-
puted to the different velocities, which the bullet
each time received by the unequal action of the
friction.

From all that has been faid then about the ufe of
rifled barrel pieces; it is fufficiently obvious, that
whatever tends to diminith the fricion of thef¢
picces, tends at the fame time to render them more
vii Y2 compleat ;
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compleat ; and confequently it is a deducion from
hence, that the lefs the rifles are indented, the better
they are; provided they are juft fufficient to keep
the bullet from turning round in the piece. It like=~
wife follows too, that the bullet ought to be no
larger than to be juft prefled by the rifles; for the
ealier the bullet moves in the piece, fuppofing it not
to fhift its pofition, the more violent and accurate
will its flight be.  And to render this laft article the
more compleat; it is neceffary, that the {weep of
the rifles fhould be.in each part exactly parallel to
cach other. For then, after the bullet is once put
in motion, it will flide out of the barel without any
fhake, and with a much fmaller degree of friction,
than if the threads of the rifles have not all of them
the fame degree of incurvation.

* The foreigners are fo exact in this article, that
they try their pieces as to this particular by a fin~
gular artifice. For they firft pour melted lead into
- them, and letting it cool, they procure a leaden
cylinder of perhaps two or three diameters in length,’
exaltly fitted to one part of the infide of the piece 3
then if this leaden cylinder, being gently puthed by
the rammer, will pafs from one end of the barrel to
the other without any fenfible ftrain or effort, they
pronounce the piece perfect ; but if it any where fticks
or moves hard, they efteem it defetive. -

From the nature of thefe pieces it is plain, thag
they can only be made ufe o(P with leaden bullets
and confequently cannot be adapted to the adjufting
of the motions of either fhells, or cannon-bullets,
However from the fame principle, whence thefe
E;cces derive their perfection, other artifices may

deduced for the regulating the flight of the
more ponderous bodies. On fome of thefe methods,
which have occurred to me, I have already made
" feveral experiments ; and there are others, which I
have more lately confidered, and which appear to

: me
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me to be infallible. ‘But there are many reafons,
why I fhould not now engage in a circumftantial
difcuffion of this kind. I fhall therefore clofe
this paper with predicting, that whatever ftate
fhall thoroughly eomprehend the nature and advan-

tages of rifled barrel pieces, and, having facilitated -
and compleated their conftruction, fhall introduce

into their armiés their general ufe with a dexterity in
the management of them ; they will by this means
acquire a fuperiority, which will almoft equal any
thing, that has been done at any time by the par-
ticular excellence of dny one kind of arms; and
will perhaps fall but little fhort of the wonderful
effefts, which hiftories relate to have been formerly
produced by the firft inventors of fire-arms.

End of_,ihe First Vorums,
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