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- ADVERTISEMENT. *

A ~Ew Edition of Mr. Robins’s celebrated

Treatise of Gunnery being much desired by
the public, the proprietor has been induc-

‘ed to have it revised and improved through-

out by an eminent mathematician, who
has carefully revised the whole, and illus-
trated it with many useful notes, relative to
such improvements in the art of Gunnery,
as have taken place since the last edition
of this work. The notes added by the
present Editor are subscribed with his in-
itial, H: to disti}lguish them from those of

. the original author.
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DOCTOR WILSON’

PREFACE :

IN publifping thefe trafts of my friend Mr. Ben
jamin Robins, I fbould premife fome account. of their
author ; together with fuch refleétions, chiefly relating
to mathematical fubjelis, as may occafionally arife.
 This excellent perfon was born at Bath in 1707. As
bis parents were not wealthy, and alfo quakers, it was
much feared, lef} the furprifing progref[s be bad by
bimfelf early made in wvarions branches of literature,
would be interrupted through want of due encourage-
ment ; ¢/pecially amongf} a people, who profefs not the
. Jame efieem, as the reff of the world, for the learning

they fiyle buman ; [uppofing it not requifite either to the
underflanding or explaining divine fubjelis *

However, fome particular friends of Mr. Rebins
being very defirous that be might contivue bis purfuits,
and bis merit not be loft in obfeurity; wifbed for this
purpofe, that be could be properly recommended to teach
in this town the Mathematics, which bad been one of

© the principal objefts of bis fludies. With this view
therefore they communicated to a gentleman bere a paper
written by bim, in order to lcarn what judgment per-
Jons of knowledge might make of bis abilitiss. This was
Jbewn to Dr. Pemberton, who, thence conceiving a
good apinion of the writer, for a farther trial of bis
proficiency [ent bim fome problems; of which the Doltor
: : ' a3 required

* Barclay’s Apology, Prop. x. § 18,
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-required elegant folutions, not thofe foumied on algebra-
ical calculations ; adding an example of fuch a folution,
that the young geometer might the more readily compre-
bend 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 came to London ; where bis prg/'ence
Jill increafed the favourable jenttments that bad been
.entertained of bis talents.  For befides bis acquaintance
with divers parts of learning, there was in bim, to an
ingenuous .afpeit, joined an altivity of temper, togetber
with a great facility in cxpreffing bis thoughts with
clearnefs, brevity, firength, and elegance ; endowments,
which do not akways accompany fludious perfons. But
though M. Robins was poffeffed of much more skill

than is ufually required in @ common teacher ; yet being
wery young, it was thought proper, that be /bould em-
ploy fome time in perufing the beft writers on the fublim-

. ver parts of the mathematics, before be undertook pub-
bicly the infiruction of others. In this interval, befides
improving bimfelf in the modern lanpuages,. be bad op-
poriunities of reading in particular the waorks of
Apollonius, Archimedes, ‘Fermat, Huygens, De
Wit, Slusius, James Gregory, Dr. Barrow, Sir
Tsaac Newton, Dr. Taylor, and Mr. Cotes. Thefe
authors be readily underflood without any affiffance ; of
which be gave frequent proofs to bis friends. Amongft
others, one was a demonfiration of the laft propafition
of Sir Isaac Newton’s Treatife on Luadratures,
which was thought not undeferving a place in the
Philosophical Transactions.*

Not long after, an occafion ffered for bim to exbibit
to the public a_fpecimen alfo of bis knowledge in natural
philofophy.  The Royal Academy of Sciences at Paris
bad pro_pq/?d amongft their prize queflions, 1o demon-
Brate the laws of motion in bedies impinging on one
anotber.t  The celebrated M John Bernoulli bere

con=
* For 1727. No. 397. + In 1724 and 1726.
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;oudej'a;nded 20 be a candidate; and though his Diffpr-
Zation loft the reward, be appealed to thelearned world
by printing it.* He therein endequoured 1o eftablifp
M. Leibnitz’s opinion of the force of budies in motian,
Jrom the effeéts of their firiking againft [pringing mate-
rials ; as Signor Poleni bad-before attempted to evinee
the fame thing from experiments of bodies falling on foft
and yielding fubflances. But as the infufficiency of
Signor Polent’s arguments bad formerly been demon-
Serated ;T fo Mr. Robius publifeed in a journal, called
The prefent State of the Republic of Letters,} an
unanfwerable confutation of M. Bernoulli’s perform-
énce. ,
1t may indeed feem Rrange, that a mere tyro foould
thus overcome fo redoubted a wveteran. But though
M. Bernovlli muf be allowed to bave bad a confider-
able fhare of invention in pure matbematics 5 yet, when
- any phyfical caufe intervened, be feldom could avoid

Jalfe reafonings ; being deficient iu that diftininefs of
conception, fo nmecellary for fecuring againft error in
shefe more complex fubjeits, and which was poffeffed by
My. Robins in a _fupreme degree. '

Now the recommendations” of bis friends, fupported .
&y fuch autbentic teftimonies of bis abilities, foon pro-
cured bim many fcholars ; amongf thefe, [cveral were
of real genius, who at prefent make an eminent figure
in public affairs. ”

But it may be bere obferved, that about this time be
quitted the peculiar garb and profeffion of a quaker ;
Jor not baving the leaft tiniJure of obfiinacy, fuper-
Sition or entbufiafm in bis nature ; be foon got over the
prejudices of education, and bad an utter averfion to all a
Seigned part. However, be continued to cultivate a
Sriendfbip with feveral deferving perfons of that per-
Juafion ; not being ignovant that at all times, and in
' o a4 , all

% Discours sur les loix de la communication du Mouvement,
Par M. Bernoulli & Paris, 1727. :

+ Pilosophical Transalions in 1722. No. 371..

¥ For May 1728,
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« all places, there bave been great numbers of learning, -
fagacity, and even bonefly too, who through the force of
early impreffions, and a certain caff of temper,. bave
made moft palpable abfurdities the objells of their faith.

- Mr. Robins’s way of infirulting was generally fimi-
lar to the courfe be had followed bimfelf ; but as be
only taught perfons fingly, qnd not in claffes, it was in
bis power to vary bis method according to the capacity
or intention of each learner. However, be always be-.
gan with the Eléments of Euclide, not as interpolated
'4y Campanus and Clavius, or anatom¥ed by Herigone
and Barrow, or depraved by Tacquet and Dechalles ;
but accordmg to the original, banded down to us by an-
tiquity ; 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 inconfiffent with the
firiftnefs of demonfiration, fo il contains many curious
particulars relating to geomelry. And indeed the con~
tratted form into which Dr. Barrow bas reduced 1he
-Elements, may be of ufe for refrefbing the memory,
after the original bas been awell confidered ; the fame
sudgment may be paffed on bis Archimedes, Apollo-
nius, and Theodofius. :

For want of fuch a beginning in bis fudies, many a
mathematician, who bas acquired no fmall fame, bas
been altogether incapable of framing a [ynthetic demon-
Sration, as it ought 10 be, or even of readily comprebend-
ing one fo conftituted ; but would be apt, though it had
all the perfeétions poffible, to imagine it tedsous and 0b-
jcure, through bis not being acquainted with the ge-.
nuine expreffion of the true geometry,. Hence the writ-
ings of great pdrt of the moderns on mathematical
fubjetts abound with inartificial computations. The
confideration of which led Mr. Robins often to repeat
a [aying of that elegant wriler Joannes dclla Faille :
Mathcmanca mula fciunt, mathefin pauci.*

Amongfs
* De Centro Grav. Circul. & Ellxps in the prefacc.

‘e



PREFACE. ix
Amnongft Mr. Robins’s feholars, fuch as went after-
wards to Cambridge, i order to qualify themfelves
Jor ane. of the learned profeffions, were wont, as is
the cuftom of young men, frequently to enter into warm
- contefts with the difciples of Mr. Profeffor Saunderfon,
. that gentleman ufing there a very different method of.
inflruction. And indeed I bave met with ingenious
perfons, who, though they allowded Euclide’s Elements
20 be the perfeddeft book of the kind ; yet did net think
it the moff proper introdullion for the generality of
Sudents, at leafp when ranged in clajjes, the way of
“teaching principally followed in univerfities ; but the
contrary of this opinion appears to be true from the
conftant and very fuccefsful prattice of the late fumons
Myr. Maclaurin, wbo, { obferved with pleafure, al-
 ways begun bis academical courfes with the Elements
of Euclide.* _ '

And these Elements well deferve to be carefully con- -
Sidered, even by fuch as do not intend to devoie much
of their time to mathematical [peculations ; for they are
more ufeful, in order to acquire a babit of firiét reafon-
ing, than the moff laboured [yftems of logic ; that art.
owing in great meafure its original, and indeed being
beft fitted for making formal anfwers, to the childih
and ridiculous conceits of thofe quibbling fepbifts, whafe
impertinence Plato bas fo jufly expofed ; appears fo
far from being the moft natural means of diftovering
and judging of truth, that the great mafler + of the art
itfelf was a very bad reafoner. :
- The two chief grounds of falfe reafoning.are, ambi-
guity in the ufe of words, and principles baftily taken
up ; Jearce any one ever offending againft the rules of
mode and figure in [yllogifins. But the fureft defence
againfl thefe two grounds of error, is exercifing the
mind in_fubjells, where a courfe of reafoning is follow- .
ed free from perplexityin the terms, and difintangled from

. uncertainty in the principles ; by which we may gain a
' babit

* See his Life before his Account of Sir Isaac Newton’s Phiy
lasophical Discoveries. + Aristotle.
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babit of diftinguifbing between perﬁéf" rca_/'oa}‘ng and
whatever in different degrees takes owly the appearance

i, :
‘Euclide in bis Elements bas the advantage of a_fub-
Jeet, the fimplicity of which keeps it almofi neceflarily
Jree from any ambiguity of terms, and bis demonfirations
are condufied with the wmoft exprefs defign of reducing
the principles affumed to the fewefl number, and moft
evident, that might be; and in a method the moft na-
tural, ‘as i is the moft conducive towards a juft and
compleat comprebenfion of the [ubjess, by beginning with
Juch particuiars, as are moft eafily conceived, and flow
mofl readily from the principles laid down, theuce by
gradually proceeding to fuch as are more obfcure, and
require a longer cbain of argument.
And 1this great regard to per/picwity, in the method
and form of reafoning, was fo peculiarly the cbaralier-

. {fic of the moft ancient geometers, that Mr. Robins

chofe to initiate thofe under bis infiruétion iy the Ele-
ments of conicks by Apollonius, in preference tq any
modern author. ' ’

To fuch as bad a talent for invention, be recommend-
ed the geometrical analyfis of the ancients on account of
is elegance, which muft be allowed in many cafes by.
tbe moft profeft admirers of algebra. Even M. d'Al-
embert acknowledges,—il y a des cas o Fufage de I
Analyfe (be means algebra) loin d’abréger les demon-

- ftrations, les rendroit au contraire plus embaraflées.,

De ce nombre font, entr’autres plufieurs probléemes
ou theorémes, ot il s'agit de comparer des angles.
entr’eux.* 4nd Dr. Halley, though be bad formerly
beflowed the higheft encomiums on algebra,t yet when
be became acquainted with the geometrical analyfis,

~ gave this the preference, faying, Methodus hec cum

‘algebri {peciosi facilitate contendit, evidentii vero et
demonftrationum elegantia eam longe fuperare videtur:
and afterwards be adds, Verum perpendendum eft,

' / aliud,

* Encyclapédie, tom. I. p. 551.
t Philosophical Transactions, No, 205.
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aliud effe problema aliqualiter refolutum dare, quod
modis varlis plerumque fieri poteft, aliud methodo
elegantifiimi id ipfum efficere ; analyfi brevifimd
et fimul perfpicud, fynthefi concinnd et minime
‘operosi. Hoc veteres praftitiffe argumento eft
Apollonii liber, quem impraefentiarum tibi fiftimus.*

As to_ the principles of algebra Mr. Robins «fed to
deliver fbort precepts of bis own, free from the intri-
cacies and mifconceptions, by which the generality of.
soriters bad obfcured a matter in itfelf very plain and

eafy to be comprebended.  The interpreting the terms of
* affirmative and negative, which in reality exprefled
only the relation of one quantity to another, as implying
Jome abfolute quality in the quantities to which they are
prefixed, bas occafioned all that air of myftery, by which
learners are fo unneceffarily perplexed. As a flagrant
proof of this, fee the very extraordinary account of af-
Jirmative and negative quantities in Dr. Saunderfon’s
voluminous Treatife of Algebra, p. 50 and 56. _

Mr. Robins explained the doiFrine of fluxions, and
what is ufually flyled the fublime geomstry, after a clear
and genuine manner ; not baving tbe lea recourfe to
the abfurd notion of inditvifibles or infinitefimals, but as
it is delivered truly, though wvery briefly, by its great
inventor in the introduction to bis admirable treatife on
quadratures. What a crude ideg tbe fame Dr. Saun-
derfon gave bis fcholars of thefe [peculations, before
My, Robins bad publifbed an explanation of them, ap-
pears from bis poftbumous piece, called The Method
of Fluxions, printed at London in 1756.

I fball not procecd to defcribe Mr. Robins’s way of
inflruiling in the feveral branches of mixed mathema-
tics ; whereof be was a maft perfeft mafler, and on
whick be could deliver bimfelf with the utmoft clear-
vefs. I fball only obferve, that as be well grounded
bis fcholars in true geometry; it-was eafy for him to
inform them of the practical parts in a more [cientific
manner, than they are bandled in the vulgar treatg/‘e;;

# Prafat. in Apollon, de Se&ioné Rationis, Oxon. 1706.
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The medern authors, Mr. Robins chiefly valued,
were fuch as approacbed the neareft in their manner of
writing to that of the anclents. Amongft thefe the
great Huygens flands in the firfi place. But thofe who
bad the care of publifbing his poflbumons works, feem
20 bave been of a different opinion’; when they tell us,
they once bad thoughts of cbangmg bis real demonfira-
tions into algebraical calculations !

Mr. Robins alfo bad the higheft efieem for Dr.
Barrow’s lefures, and recommended them ufual{y to
bis fcholars ; for in thofe, that treat of the mathematics
in general, they would find amongst oiber excellent
things concerning the nature and principles of the fci-.
ence, a jufl defence of Euclide,'and a full explanation
of bis idea of properticnality ; and as the fubjel? is
bandled in a popular mannery fo the author, befides
Joewing much real learning, and exquifitc choice in bis

~authorities, bas not only fupported bis peculiar fenti-
‘ments with great [ubtilty of reafon,” but alfo adorned
bis difcourfe by a mafculine and true eloquence,

In bis optical beftures they would fee the principles of
catoptricks and diopticks fet forth in the compleateft
manner. There the aflual interfeftions are determined,
which he rays of light, iffuing from any pvint of an 0b-
Jjeit after reflection or refraciion, make with each other,
as alfo the limits of thofe interfeGions, and how the
rays, tbe nearer they approach thofe limits, are more
and more conflipated ; whence fuch limits are called the
Sociy as the line paffing through them all bas been f nce’
named the caufiic,*  Next, the author finds the princi-
pal foci in different lens’s.  Afterwards be - treats in
general of the apparent magmtude.r of objelts, and then
particularly affigns the images of plane Jurfaces. The
whole is intermixed with fevez al curious propoﬁtxons m

. geomatry,

Th;s Dr. Buarroz determined in cu‘c}os orly; his successor
in circies and in other curves by meaps of the radius of curva-
_ture.  See Barrow’s Optics, Leét-xiii. Art. 25, 26. Newton’s |
“Optical Leétures, Part. L Seét. iv. Prop. 32, J3, and hxsTrean
tise of Serics and Flunons, Prob, v.§.70. . . -
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geometry, and confirmed by moff accurate demonfirations; -
which bave been pratfed as fuch by Sir 1faac Newton
bimfelf ;* who fuppofed bis auditors well acquainted
with thefe leures of bis predeceffor, in oider to under-
Seand perfectly the julvlzme d ifcoveries, be was deliver-
ing to them. - '
Dr. Barrow’s geoimtrzcal lectures alﬁz exbibit great.
marks of genins and invention, He there at the begin-
ning difcourfes briefly, yet. clearly, about. motion and
time ; then fhews, from curves being generated by mo-
tion, bow are deduced feveral of their general proper-
ties. - Next. be determines the tangents and areas of
qurves ; inferting many curigus propofitions of different
kindsy as concerning the tangents and fecants-of the cir-
cle, the conic fuperficies; &Tc. aud in bis laft leiure be.
Jbews, bow to determine the limits of - equatxotzs, bett:r
than kad been done before, or even fince... | . .
v Iam the more particuylar.in relation to the warb of.
this great man, as. I think 1bey are too little at  prefent
regarded ; and I fhall farther firengthen mine and My
Robins’s thoughts of them by adding, to Sir lfaac
Newton’s.. judgment of the optics above quoted, the.
teflimony of the -famous James Gregory concerming.
both the optical and geométrical lettunes ; the Dofor’s.
matbematical lefiures not having been printed in bis or.
Mr. Gregory’s. life-time..  This excellent matbematt—.
cian,. though be bad wriiten profsundly on’ the very
jame JSubjeits ; yet in bis letters 1o bis friend Mr. Col-
lins; thus candidly gives bis opinion.  Mr. Barrow in
his optics theweth himfelf a moft fubtle geometer,
fo that I think him fuperior to any, that I ever look-. .
ed upon. I long exceedingly to fee his geometrical
lc&urcs, efpecially becaufe I have fome notigns
upon that fame fubject by me. I intreat you to
{end them 'to me ‘prefently, as they come from the
: press,

-,-—pum Dmertatwnes, quas hic non ita pmdem audivestis,
tanth rerum opticarum varietate, novarum- copid, et agpuratissi-
mis carupdem demonstrationibus fuerint compasztz ; v New.
ton’s Leét. Optic. at the beginning. :
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prefs, for I efteem the author more than you can
eafily imagine.* nd Myr. Gregory’s expeitations
were not in the leaft difappointed ; for baving received
thofe leftures, be writes Mr. Collins word, Barrovii’
(Geometricas ) Lectiones fumma cum voluptate et at-
tentione perlegi; atque omnes qui unquam hifce dere-
bus fcripferuntinfinito intervallo fuperaffe comperio.
- - I need not mention Mr. Robins’s opinion of Sir Ifaac
Newton ; fince be bus bad occafion to declare it _fo often
in the following trails.. And indeed Siv lfaac Newton’s "
Jame feems at prefent 1o have furmounted all oppofition.
Tbe philefopbers of a neighboursng nation acknowledge
Bis.merit. Though they had for years quite overleshed
bis. book of eptics ; yet now they [peak of it in the
bighest terms. . - Jnd they bave at length adopted at=
traltion: under ‘the name. of wunpiverfal gravitation ;
which they bad -long tejected . as an occklt quality, on
account it5 canfe-is not difcovered.  They might as well
bave neglesied the confideration of the laws of motion 3
becaufe 4t is not known, why metien arifes from the cols
lifion of \bodies ;. or the ‘contemplation of the effects of
" Kght, as it bas not been found out, whether it is owing
to beams. darted. immediately from the luminous objes?; .
or to impreffionsmade on a furrounding medinm, -or 1o
JSome more latent saufe. It is the bufinefs of the frue
| philofopby to explore the moft fimple caufes, :and from
thesr combinations to account for the various phenome=
" na in.nature. ~ Bav all the -objeGions that could be.
raifed againft ihis true way of philofopbifing, Sirllaac
Newton bad previonfly obviated in bis works. Of this
they Jeem at - laft to -be fenfible, from baving confidered
them more atientively ;|| and accordingly they are as-
tempting to make improvements on bis principles.!
* Dr.Ward s Lives o1 the Professors of Gresham-college, p.161.”
t Commercium Epistolicum, p. 95. )
1 Ouvrage vraiment digne de Padmiration de tous les siecles.
History of the Royal Academy of Sciences at Paris for 1752,
134. : T
p'. | ‘Memeirs of the Royal Academy of Arts and Scjences at '

Paris 1745, p. 329,

i
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1 am very fenfible the exafnefs of my friend in
Yeaching is [lighted by fome profeffors ; they recommend-
ing Pardics;, Sturmius, and otber fballow authors, as
Better calculated for the bumours of many, who, fince
thefe fpeculations bave been fo much in reputation, would
. gladly acquire, at little expence of time and thought, &
Jmartering acquaintance with them. :
Though fieth empirical methods bave prevailedamongst
2be fuperficial and palf taught ; 1 wifh they may not be
conmtenanced in our public fchools. 1 bope that univer-
Sity, wbich bas been fy remowned for the matbematics,
and all forts of found literature, will ever difdain thefe
doth and imperfeft ways of infiruttion in every kind of
kuowledge ; and that the great examples of a Spenfer
and a Milton, of a Bacon and a Harvey, of a Barrow
and a Newton, with numberiefs others, will always
nfpire its fudents with the laudable ambition of fol-
lowiny thefe their predeceffors in the fame path to glovy |
and immortality. Not lefs ardent are my wifbes for
the profperity ~of our other unsverfity, wbofe learned
taembers bave “fpread far its fame in all ages;  not.
only i the times fince the revival of real fcience; but
even when the weflern world lay covered under grofs
- ignorance, there fbone out at Oxford from amidft that
shick clowd of darknefs, bright geniufes, whyfe works.
e manufcript, as tefiimonies of their fingular merit,
are Rill preferved .in the famous Bodleyan Library.
And furely the illiberal and mechanic method of teach-
ing tbefe mofl perfel arts, will never gain ground in
a feat of learning, whafe profeffors, as a caution againf?
this sumovation, bave already obliged the lovers of -
thefe Jeiences with editions of Euclide and Apollonius, -
of Theodofius and Menelaus. A5 that ufeful under-
taking was begun by the encouragement of the excellent
" Dean Aldrich ;* fo it is to be boped, the prefent wor-
thy gavernors of this univerfity may procure the pub-
~ | | Iibing
* This learned person, in his Artis logice Compendium, de-

fended Euclide from the objeftions contained in a logic called
U Art dé Penser, . b
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lifbing the reft of the ancient matbematicians. 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 beflowed pains
equal to bis great knowledge and fagacity.. . ‘
. And bere 1 cannot belp declaring the fatisfaition,
Mr. Robins always expreffed on obferving the progrefs
. a true tafle for real geometry made in Scotland. The
- matbematical [eiences bave indeed been well cultivated
by that learned nation. To a Scotchman, the Lord
Napier, we are bebolden not only for the admirable in-
wvention of logarithms,* and their application to tri-
gonometry ; but alfo for other very valuable improve-
wents'he bas made in that moft ufeful art, and proba-
bly bisill flate of bealth bindered his making farther
difcoveries. Tbhe incomparable James Gregory was
likewife of that country, whofe rifing merit feems to
bave given umbrage ¢ven to the great Huygens ;1 and
whofe immature death was an irreparable lofs to the
mathematical world ; for which lofs I bave been ins
formed, Sir faac Newton yfed always to foew very
Jenfible tokens of grief, whenever Mr. Gregory’s name
bappened 1o be mentioned to bim. -

In the manner above recommended, were my friend's
younger. days employed in promoting tbe"knowledg;

. )

* The Lord Nupicr was not only the invetitor of the system
of Logarithms, published by himself, but also the author of that
improved plan, which.our countryman Mr. Briggs, with im.
mense labour, put in execution, though Dr. Saunderson, in his
confused account of logarithms published in his Algebra, §. 302,
has subscribed to the mistake, first propagated by Mr. Wingate
and commonly prevailing, that Mr. Briggs contrived his form ;
notwithstanding Mr. Briggs. himself says expressly in the pre-
face to his. Avithmetica logurithmica, that the form of loga.
rithms, he computed, was communicated to him by the most
noble inventor. ' . : o

+ See their disputes in the years 1668, 1669, about the
quadrature of the circle and hyperbola in the Journal des Sgavans
and Philosophical Transactions, as also in Mr. Gregory's Ezer-

' citationes Geometrice. . What was said in that tract seems to
have silenced M. Huygens,

- ’
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of thefe [ciences ; whofe aid is in_fome meafure required”
Jor eftablifbing cven the firft foundations of civil Jociety s
as the property of each individual of rbe community mu/t
be afcertained in number, meafure and weight. . . . .

Befides thefe Jeiences bave great(y contributedto thofe
arts, whereby the enjoyments of buman lzfe are rmdtr,-
ed more elegant and refined. -

The [ymmetry neceffary to be o&ferwd wbétber\m
rearing edifices for defence as well as ormament, or in
delineating the forms of vifible ebjects; bs altagrtber
owing to thefe fciences.

Nay, by théfe the very elements; whereby we _/'mb@/i,
are many other ways rendered capable.of fupplying our
wants, and adminiflering to our pleafures..Under them;
even mufic is ranked ; as its various tones. arifefrom
the different vibrations made in the-ain, by the regalar
proportions of which, concords are diffimguifped from -
difcordant founds. T be influence: of 1hisart an ‘the.

. buman mind, thereby - polifhing mankindy-bus been..al.

all times celébrated ; ~and it" bas been pm&:_}’ed by “the.
greateft beroes of antiquity, otk facred: and profane ;.
and the oldeft [yfiem of government and religion, we.
know of, adopted it in the 'worﬁ.'zp patd 1o the Supreme.
. Being. -

The ﬁrmame)zt ex pandm’ on all f des owr our beaa's,
whether illuminated by the [plendor of ‘the fun, or
adorned with the milder lights of the moon and flars,
muft ever bave drawn the attention of a mind capable
of reflelting : and thefe fiences, by affiduous-and care-
Sul obfervations, bhave enabled us to Jettle the motions,
. and to account for and prediét the various appearances.
of the objelts, we there defery. Hence we" determine
the returns of the [eafons, on which agriculture de-
pends ; number, and, as it were, fix the fleeting parts
of time ;-and meafure, divide and compafs this globe, on
which we live.” By thefe means we become, in. fome

manner, familiar, yot only with our tomtemporary fel- -

low inbabitants in far diftant climes ; but alfo with
thofe who exifled in ages long fince pqﬂ. Thus the
' b " buman
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‘buman mind is kept clear of many extravagant and
burtful prejudices, which it would be too apt to im-

- bibé; on our baving only a feanty 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.

Again, from wvery trivial obfervations, by belp of
the mathematics, bave been drawn moft wonderful con-
cluffons. '

- The obvious property of the common balance, and
the floating of folid fubfRances in fluids, have given
rife to'arts, that bave produced magnificent and flupen-
dous works. . o , S

The brokem appearance of an ocar in the water,
which inflance, the academics in their idle difputations
JSo pertindcionfly urged againft the certainty of buman
knowledge,® the matbematicians bave laid bold of, and
thence found out, not-only the manner wherein vifion is
performed, but bow to improve that fuculty ; as alfo
the fwrprifing properties of light, whereby objesis are
prefented to us in fuch a beautiful wvariety of colours ;
and even determined the magnitudes of ‘the particles in

. matter, that are difpofed to reflelt or refract different
coloured rays. . ' - o

. From bodies being attralled by the earth (for they
Jall to it on every fide) bas been difcovered the law of
that power, to which all portions of matier, wherever

" placed, do fubmit ; and how thence the celeftial bodies
- are kept in their order, and perform through the bound-
lefs fpace their refpedlive courfes. Hence the firulture
of the univerfe offered to us in this view, wberein we
bave learnt, that its different parts, even the moft re- .
mote, are all governed fo completely by ome and the
Jame fimple principle; muft infpire a juft and awful idea
of its mqft powerful, wife and beneficent autbor ; a;z};d
' : - bam,

Ciceron. Academ. L. iv. §. 7, 25.
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. banifb from our minds every anworthy conception of
him, that fuperfiition and enthufiafm may fupgef.
Befides thefe apparent advantages, accruing to man-
kind from cultivating the mathematical fciences, the
many fleps of pure reafoning, that are gone through in
the progrefs of knowledge, from the moft obvious af-
Jecitons of magnitude, to the admirable properties that
are now difcovered, fince thefe [ciences bave been fo
bappily applied to the fudy of nature, muf afford an
exquifite pleafure to a mind duly adapted for fuch re-
Jearches.  And perbaps in thefe mental fatisfations is
20 be found -our fupreme felicity. ‘But as we are of d if-
Serent tempers, fo that what delights one, appears in~
Sipid Ta another ; it is too frequent a failing, even
. amangst perfons of true learming and genius, to over-
" rate their own purfuils, and contemn thofe of others.*
But it is the bufinefs of experience and reflexion.to
wean us of thefe unreafomable prepoffeffions, whereby
. we may become move cautious <in paffing too rafb a
Judgment on fubjects generally allowed to be ufeful, and
wbich we flight, chiefly becaufe we bave not maturely
canfidered them, or perbaps have wagnted talents 1o
make fuch inquiries.
1t bas indeed been frequent at all times, even for
writers not defpifing any branch of learning, yet in
praifing the art in which they excelled, to undervalue
11 fome meafure that of others. Thus long ago, though
Cicero i many place; of bis works [peaks bighly in
. commendation of the matbematics ; yet at the beginning
of bis treatife De Oratore, where be would exalt bis
own profefion, by fhewing bow few bad attained ver-
Jfection in it, bas thefe words : Quis ignorat, ii,”qui
mathematici vocantur, quanta in obscuritate re-
rum et qudm recondita in arte, et multiplici, sub-
tilique versentur ? quo tamen in genere ita multi
perfecti homines exstiterunt, ut nemo felé studuisse
b 2 6
- * Eodem modo de Aristotele et Isocrate JlldlCO quorum ‘uter-
que suo studio dcleétatus contempsit alterum. ~ Cic, Offic. at the
beginning. . ) ) .

A
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ei scientizz vehementius videatur, quin, quod volu-
erit, .consecutus sit. And but the other day a
moft celebrated author, who at times bas treated the
mathematics very civilly : yet in [etting forth the dif-
Siculty of bis own bappy talent,  bas thought fit to fay ;
il est aisé d’apprendre la trigonométric.* But thefe
writers bave not in this cafe, as they ought, taken care
in making thefe forts of comparifops, to diftinguifb be-
tween fuch as bad acquired a knowledge only in thefe
arts, and fuch as bave produced difcoveries. There.
bave been but few Archimedes and Newtons : tbougb‘
it may not be difficult to underfand trigomometry, it is
not fo common to make real and elegant improvements in .
that, or in any other branch of the mathematics. .
In thus apologifing for my friend’s profeffion, I would
not be underfiood not to enteriain a due eficem for other
 parts of learning, or in the leaft to place the mathema-
“tics in competition with them.
After what bas been faid, it would be needle efs to
take notice of fuch, as without any tafte, and being
" wretched reafoners, bave fpoken with contempt of the
mathematics.  Thus Joscph Scaliger, when conviéted
by Clavius of the grofs parallog; ifms, be had committed
in atiempling to [quare the circle, not only abufed bis
monitor, but bis vanity rendered bim ridiculous gnough
as to affert preclarum ingenium non potest ésse
. magnus mathematicus ;1 “and on a like account this
o felf-fufficient critic, flyled our all accamplifeed Sir
Henry Savile, un certain argueilleux sot.]  Buz
that learned knight, who bad been thoroughly acquaint-
ed ag Paris with Scaliger’s failings in point of reafon-
ingy afterwards gave ‘bis real charader m bis Pre-
leftions on Euciidc. §
From 1he above weakneffes qf mind Mr. Robins
ﬁemed to be exempt by nature ; baving been enduez
7 . wit

* Preface to a comedy callud Le Caffé ou I Ecossaisc, p. ix.
printed in 1760.
~ + Scaligerana, article Clavius.
1 Scaligerana, article Casaubon.
§ Lect. ii. p- 22 Le&. iv. p. 73. and Le&. xii. at the end.
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with a capacity fitted for very different [peculations.
Hence, though be profefed teaching the matbemalics
onlyy be wonld bowever fometimes affifi particular
Jriends in other parts of knowledge ; for be was well
qualified to point out the real beauties of writers in all
Jorts of polite learning, and alfo the excellencies in the
performances of great aritifis, as bis tafle and judg-
" ment were not limited to a fingle [ubjeft alone, but ex-
tended equally to bifiory, oratory, poetry, mufic, archi-
telture, [culpture, painting, and works of genius and
invention in every kind. ) _

_ Notwithftanding be was thus fraught with variety
of knowledge, be never made any oftentatious ufe of it ;
bis converfation being always lively and- entertaining,
generally on - gay and joyous fubjefls, without the .

- leaft mixture of pedantry or affeflation of any jfort.
However, when a proper occafion. prefented, be
could explain himfelf on the mofR abfirufe points with

great clearnefs and firength, both of reafon and ex-
prelfion. ‘ ' v '

- 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 ; for which be was fitly adapted, as being of
@ middle flature, well made, and not. corpulent.
Hence be tried many laborjous experiments in gunnery ;

believing the refiftance of #he Hir bad a much greaier
influence on fwift projectiles, phan was generally fup-
pofed. Hence be was led to confider thofe mechanic

- arts, that depended on mathematical principles, where-

. in be might employ bis iftvention ; as the confirulting
of mills, the building of Yridges, draining of fens, rer-
dering rivers navigable, and muking of barbours. In
which inquiries be received confiderable advantages
Sfrom a very early acquaintance with William Ocken-
den, Efq. who baving a peculiar genius for fuch

Speculations, and a moft intimate friendfbip always fub-

Sifting between them, they mutually improved each

' «b 3 , other,
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other, by a conflant- communication of their thoughts.
and obfervations on thefe fubjelts. )
Amongst other arts of this kind, fortification very
much engaged Mr. Robins’s attention ; wherein be
met with opportunities of perfefiing bzm_/é{f by the view-
- of the principal firong places of Flanders, in Jome
" journeys he made abroad with pef:/om' of drﬁm&‘tan and
- fortune.

On bis return bome from one of thefe excurfions, be
Jound the learned beve amufed with a treatife, writien
exprefsly againft the mathematicians, intituled The
Analyst. This was the produltion of Dr. Berkley,
ifbop of Cloyne ; who bad been long famous for vain
and metaphyfical paradoxes ; and. bis objestions to Sir
Xsaac Newton arofe chiefly from bis not underﬂandmg
the writings of that great man, :
- Mr. Robins therefore was advifed to clear up this

affair, by giving a full and diftinét account of Sir Isaac
Newton’s doftrines, in fuch a manner, as to obviate
all the objeitions, without naming them, that bad
been advanced by the author of the Analyst; fo' that
there need mo recourfe be bhad to the bifbop’s book
to underfiand the fubjes?, and alfo that be bimfelf,
if poffible, might fee tbe weaknefs. of what he bad,
with fuch an air of affurance, urged. Accordingly
Mr. Robins prmted, in 3735, A Discourse con-
cerning the Nature and® Celtamty of Sir Yaac
Newtons Methods of* Fluxions, and of prime
- and ultimate, Ratios. '
This fmall trac? is admirqble, on account of its clear-
mﬁ, brevity, and fliéngth of expreffion.

Towards the illuftrating the nature of fuxions, it is

- there at the beginning M/er‘ved that as the fluxion o a
line is the wvelocity or degree of fwifinefs of a point
defcribing in its motion that line ; fo the fluxions of

Jurfaces and Jolids may be expreﬂé’d by the velocities of -

points deferibing lines, that - increafe propormnal/y
wztb thofe quantities,

.,Nexr .
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 Next the fundamental properties of fuxions™ are
demonfirated after the manner of the ancients, in the
moft rigid form ; and it is fhewn bow to apply them
10 the determining the langents and areas of curves.
Then is given a full and clear account of the feveral -
orders of fluxions, or the variations in the wvelocities
of increafing and decreafi ing ; and the ufe of fecond
Huxions is illyftrated in the invefligating from a pew
confideration the curvature of curves. As bere, in
demon/lratmg the fluxion of a power, Sir Isaac New-
ton’s Binomial Theorem is introduced ; fo in the
Present State of the Republic of Letters, for Oc-
tober 1735, there is publifbed a demon/lramn of it
independent on that theorem.

Afier follows a very diftiné relation of Sir Isaac
Newton’s method of prime and nitimate ratios, and
bow it -may be applied to the purpofes, for which it
bad been fbewn fluxions might be wfed ; and there is
. given another new way of determining the curvature
of curves. Here is fully made out the connexion be-
tween this method, and that of the ancient geometers,
called exhauftions } Jo that it may be of no fmall fer-
vice to young mathematicians, for their more. ready
perceiving the force of the demanfirations in the

Principia.

The laff part illufirates Sir Isaac Newton’s way
- of computing the fluxions of quantities ; concluding with
an explanation qf what be bad delivered concerning
" their Momenta. ' And this particular is Rill farther
profecuted in the abovementioned journal.

Notwithftanding this tral? was written with the
greateft per/picuily, campletely explaining the genuine
Jfenfe of Sir Isaac Newton’s doiZrines; yel there were
found fome, who were not fatisfied with wbﬂt Mr.

Robins bad publifbed. .

. And this was the lgfs to be 'womiered at, fince many
of our mathematicians having firft learnt to apply the
compulations of this method; to geometrical figures,

Jfrom the Marquu de I'Hopital’s Analyse des infi- .
b 4 niment



J,;x‘iv ' Dr. WILSON’s

niment petits, they were infenfibly infeéted with the .
- principles of infinites followed in that book.

One amongst thefe, who under the name of Philale-
thes Cantabrigiensis, bad on this- wrong Soundation
- undertaken the defence of the mathem:ticians agarn, ot
" the author of the Analysr, continued to maintain his

miftaken reprefentation. This induced my friend to
- awrite two or thyee additional difcourfes ; which, as

they may poffibly contribute to the eaficr apprebending
Sir Isasc Newtow's gemuine meaning, 1 bave bere
reprinted. Tle fubfequent peevifb and ungentleman-
Iike fhbifts, Philalethes condefcended to, rather than
anquiefce in Mr. Robins’~ Jjuperior knowledge, I
would gladly bave paffed over in filence ; had not I
found M. Robins bighly blamed by M. de Button,
in the Preface to a ¥rench tranflation of Sir lsaac
Newton’s Method of Series and Fluxions. [
bave therefore endeavoured at a wvindication of my
Sriend.  But as this. would now carry me too far
from the defign of the prefent preface, I bave given
it with ather tbmg.f in an Apendix to the following
trals.

In 1738 be defended Sir Isaac Newton againfi an
objeition, contained in a note at the end of a tralt in
Latin, called Matho sive Cosmotheoria puerilis,
written by one Mr. Baxtcn, who bad before publifoed
no fmall volume concemmg the foul! " But what ought
we lo think of this man’s capacily for reafoning, wha

~could not fee bis, error in a mathematical f[ubjeft,
tbaugb it bad been fo plainly fhewn bim ; as we learn
by an enlarged edition -be afterwar ds made of bis
Matho i English, that be fiill perfevered in bis

miflake ?
" And indeed the world bas never wanted prefuming
men, that fancied themfelves able to difcufs inexplicable
points ; yet when they bave attempted fuch as are
capable of demonfiration, they bave manifefted iheir
deﬁczemy in reafoning. - 1t is true, the greateft genius
may through inattention fall into parallogifms, even in
geometry.

t
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geometry. - - But bere lies the difference.  The one on
the leaft bint given of fuch a Jlip, readily of bimfelf
-redtifies it ; but the otber, if you offer to fet him right,
only ﬂouna'ers on in bis ervors, being not- able to com-
prebend the force of your objeftions, bowever clearly
urged; nor at length evem bis own' wmeaning, bavin
never bad a juf idea. qf the fubjest. be unad‘z,z/ed{yl
undertook.

Myr. Robins prmted in 1739, Remarks on M.
Euler's Treatise of Motion, and on the Compleat
System of Optics, written by Dr. Smith, the prefent
worthy mafler of T'rinity-College, in the univerfity
of Cambridge ; as alfo on Dr. Jurin's Discoursc of
distinct and indistinct Vision, that was annexed to
Dr. Smith’s work. :

One purpofe of this piece is to foew the errors ma-
thematicians are liable to, by implicitly adbering to
their algebraical caleutations.” The latter part.is writ-
ten after a free manner ; for which the author in his
preface bas given bis reafons.  This alfo, as well as
the di fcourfe on_fluxions, occafi oned on the fide of
Dr. Jurin a controverfy, which might have prov-
ed of lomg duration ; had it not been cut. fhort

* 4y Mr. Robins bemg then called to a public em=-
ployment.

As all t.be tralls, to which be put bis name, were |
confined to the mathematics ; the clearnefs, brevity
and elegance, wherewith they were compofed, could be
Judged of by a very few, and indeed perfeitly only by -
Juch as were not unacquainted with the wrilings of
the ancient geometers. But in fome anomymous pieces,
be publifbed on more popular [ubjeils, greater numbers
were fenfible of the force of bis reafoning, the juftnefs
_of bis deferiptions, the beauty gf bz.r expreffions, and
the -barmony of bis peiivds.

In the year 1739 there came out threc pampblet:,
swhich acquired bim great reputation, though they were
wriiten very haftily ; as the Incidents, that occafioned
them, were fudden and urgent.

: The
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Tbe firt was intituled, Observations on the pre-
sent Convention with -Spain.. Here the fpecious
veil, with which fome bad endeavoured to cover the

meanncfs of this tranfaltion, was entirely removed; .

and all the invincible arguments againfi it Jet in the
Srongeft light, which very arguments were afterwards
made ufe of, when it became matter of debate in
‘parliament.

The fecond was called, A Narrative of what pass-
ed in the Common Hall of the Citizens of London
- assembled for ‘the Election of a Lord Mayor.

This, though compzy'ea' indeed on a lefs momentous affair,
" yet contained in it jurprg/‘ ng firokes of true oratory.

 The third was written on the following occafion.
Ma;gy eminent palriots, as they were then Syled, “upon .

the faniion given by the Hoyfe of Commons to the
Spanish convention, notwithfianding all their weighty
JSpeeches and reafons againfi it, became fo difgufted, that
they took a refolution from that time of mot attending
the bufinefs of parliament ; which proceeding, called a
Seceffion, was bighly refented by the other fide; and

the feceders at length returned as ufual to their feats.

. in the boufe.  This defellion being by many deemed rafb,
M. Robins was requefted to write an apology for it:

- The pampblet be compofed was delivered to a principal

_ perfom_concerned, in order to be tranferibed, and the

A

original defiroyed, the better to conceal the real writer; -

whofe condition in life might not be able to 0 fecure bim
Jrom the refentment, the freedoms taken in it might

provoke. After fome alterations, to foften matters,

were made, and a preface prefixt, of both wbich Mr.
Robins was neither the author nor approved ;' it was

at length publifbed under this title ; An Address to -

the Electors and other free Subjects of Great Bri-
lain, occasioned - by the late Secession. In which
is contained a particular Account of all our Ne-
gociations With §pain, and their treatment of us
for above ten Years past.

. This |
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SThis trafl, though by the abovementioned alterations
in a manner disfigured, was univerfally efieemed, and
~ for fome time, as well as the Observation$ on the
Convention, generally reputed to bave been the pro-
duétion of that great man bimfelf, whowas at the bead
of the oppofition to Sir Robert Walpole ;- but it proved
of fuch confequence 1o Mr. Robins, that it occafioned
* him 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, to the peerage, by
. the title of Earl of Orford. However, a committee of
the Houfe of Commons being appointed to examine into
'~ bis lordfbip’s paft condul?, Mr. Robins was chofen
. their fecretary. '

And bere be éxbibited confiant proofs of bis fitnefs for
this important flation, in taking down very readily and
perfeitly the examinations made before the commitiee 5
which was no eafy task, as the perfons examined were
well-werfed in fecret tranfaltions, and greatly interefi-
ed, that the real truth fhould not be come at. After
the committee bad prefented two reporis of their pro-
ceedings, a fudden fop was put to their farther pro-
grefs by a compromife between- the contending parties ;
and moft concerned were gratified, either with bonours
or places, except the fecretary; which fome attributed
~ to his baving been too fincere in the affair. Howewver,
in 1742 tbe fecond report clapdeflinely came abread,
and was much admired.

~Thus Mr. Robins being again at leifure, printed
the fame year a fmall treatife, sntituled New Principles
of Gunnery, containing the refult of many experi-
ments be bad made, whereby. is difcovered the force of
gunpowder, -and the difference in the refifiing power of
the air to fwift and flow motions ; whence it plainly
appeared, that the oppofition of that medium to bullets
and fbells, fbot from cannon and.mortars, far exceeded
what was generally imagined ; and that the-track de-
Jeribed in toeir motion differed from that of a paraboli-
‘ ' ‘ ¢cal
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cal line, to a degree andifcovered by any who bad writ-
ten expreffly on the Jubject, from the days of the famous
Gaiileo; 20 the prefent time.

Sir. Isaac Newton indeed, as Mr. Robins obferv- . -

d,* was very fenfible of the cffells of this refiffance ;
and bas propofed bow to affign in- particular cafes a
curve of a different fpecies from the parabola, as more
anfwerable to the projefile’s motion.t Nor was this
great man wholly unapprifed of the increafe qf refift-
ance, both from the rotatory motion of the moving body,
and alfo from the preflure of the fluid on- the body, be-
coming by its motion greater on the for: part than on
the binder.}

The tratt of Mr. Robins was preceded by an ac-
count of the progrefs modern Sfortification bad made from
its firft rife ; as alfo of the invention of gunpowder,
and of what bad already bcen pe;ﬁrmed in the theory
of gunnery.

This was well received by the pub[:c, and, it
was thonght would bave procured the author prefer-
wment ; if be never bad been fecretary to the _/ecret
commiltee. '

Upon a difcourfe contammg certain experiments being
publifbed in No. 465 .of the Philosophical Trans-

actions,
* Preface, p. 51.

+ Princip. ‘Lib. II. Prop. x.

t Ibid. Prop. xl. in the Schol. in the Remarks on Experim.
12 Amongst Mr. Robins’s memorandums is the folowing pas-
sage, which seems as intended to have been inserted into a pre-
face to his discourses, that had been read beforc the Royal So-
ciety, and which he was about publishing. ¢ Since what I
¢ wrote in a former treatisc on this head, I find Sir Isaac Newton
¢ had considered this, though not in the present instance ; for
¢ in speaking of some conjcétures he bad made on the separa. .
< sion of the colours by’ the prism, he adds,”—~I remembercd
that I had often secn a tennis ball, struck with an oblique racket,
describe a curve line.  For a circular as wgll as a praogressive
motion deing communicated Lo it by that slroLc, its parts on that
side, where “the motions conspire, must press and: beat: the con-.
tiguous air more violently than on the other, and there eivte a
relulancy and re-action of the air proportionably greater. Phi-
losophical Transactions, No 80. p. 3078. Feb. 1671-2.
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actions, in order to invalidate fome particilar opmzom
Mr. Robins bad advanced ; be thought proper, in an
account be gave of bis book in the Jame Tranfaltions,
No. 469, to take notice of thofe experiments.  And in
confequence of this, feveral differtations of bis, on the
refifiance of the air, were read, and the experiments
exbibited before the Royal Society in the years 1746.
and ]747 JSor which be was pvéj/ented with a gold
medal. ,

On tbat occafion. Mr. Folkes the prq/‘ ident addreﬂba’
the Society and Mr. Robins, as follows.

GENTLEMEN, o
. The cur;ous an{d valuable e\penments which
have latcly been made before you, by our very
worthy btother of the Socmty, Mr. Benjamin
" Robins, concermno the resistaiice 'given by the
air to bodies in motion; particularly, to m]htaly
projectiles, and such others as, are made’ to pass
through that medium with great velocities ; could
not escape the attention 0% my honome(l prede-
- cessor, your late president, Sir Hans Stoane: who
in his present retirement:from bumness, still ap-
plles himself w xtl: unwearied (hlmence toall smts :
of learned and lnlowphxgal enqumcs I
He has still the same concern for the prosperity
and for the honour of this body: and the know-
ledge and information he daily reccives of every
thm«r remarkable that passes amongst us, or that
is communicated to us from without{ atfords him no
“less satisfaction, than when the wemht of fewer
years, and a more vigorous state of health allow-~
‘ed him to give so constant and so 1eo'ular an at-
tendance at our mectings, during so Iono a perlod
of time, and through the se\exal offices he has
held in the Society.
As
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“As 1 say the before mentioned experiments could
not escape his notice, so neither would he let
them want the sanction of his own approbation :
and he has therefore this year, as the surviving
executor of the late Sir Godfrey Copley, nominat-
ed Mr. Robins to receive the annual prize medal
of gold, bestowed by the Society in consequence
of Sir Godfrey's benefaction. ' _

I accordingly, at'a late meeting of your coun-
cil, acquainted the gentlemen there present with
this appointment : who were unanimously pleased
to,apgrov'e of the same, and to put into my hands
a medal, .upon which, according to their order, I.
have caused Mr. Robins’s name, and the date of
the present year to be engraved.

It is from these experiments, and from those
others which Mr. Robins is still preparing to ex-
hibit, that we may expect to see compleated the
‘whole, and the true theory of projectiles. What
Galileo and Torricelli, who first demonstrated the
motions of these bodies in wacuo, knew to be still
wanting in their theories, will hereby be supplied:
and these particulars will at last bécome known,
which they wished that future observers would
make diligent and careful experiment about. '

“The great Sir Isaac Newton, who did so much
honour, when living, not only tp this 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 itself : this great -man, I say, in
his admirable Principia, investigated the laws of
the resistances made to bodies in motion, during
their passage through the air and other fluids,

- and those upon different theories, and upon dif-

ferent suppositions. He also made experiments
upon the resistance given to funipendulous bodies
in their oscillations, and to others in their fall,
which he caused to be dropped for that purpose
from the highest part of the cupola of St. Paults

- g church :’

.
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church: but he never had ‘the opportunity of
making trials, upon those much greater resist-
ances, that shells and bullets are impeded by, in’

those immense velocities .with which they are

thrown from military engines. ‘
-. And hence it lias come to pass, that succeeding
writers, even those of the first class, and who are -
the most justly distinguished by their great know-
ledge and abilities, not sutficiently attending to
the true theory of these motions, have been of
opinion, tkat in large shot of metal, whose weight
many thousand times surpasses that of the air,
and whose force is wvery great, in proportion to
the surface wherewith they press thereon, this
oppesition is scarce discernable, and as such
may, in all computations, concerning the ranges
of great and weighty bombs, be very safely neg-
lected. o . ’

This is one of those principles, which the learn-
ed gentleman, who favoured us with these expe-

" riments, very particularly proposed to examine,

)

and that both theoretically and practically ; and
he has accordingly shewn, by a series of the most
curious. and most ingeniously contrived experi-
ments ; if not the absolute quantities of these re-
sistances in all cases, at least that they are enor-
mously great, much beyond- what any former
theories had assigned, and such as are absolutely
necessary to be considered in all strict reasonings
concerning these matters: particularly, as they
in so remarkable a manner curtail and diminish the

. great rang¥s of all sorts of cannon and mortar-

pieces. : v

He has also by the way had occasion to take
‘notice of several new and surprising phenomena,
attending these sorts of motions : such as the dif-
ferent resistances, that are given by the same me-

“dium, to one and the same body, when put into

‘motion with the same velocity, and when present-
. - mnge
) 5
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ing to the resisting medium, the same or an equal
_superfices, but only in a different direction..

Mr. Robins has yet farther pushed his trials,- to

certain deflexions, hitherto entlrely unconsidered,
of bullets and other projectiles from the vemca’l‘
lane in which the shot is made: and which he
1as with great subtilty accounted for, from a ro-
tatory motion that bullets accidentally -acquire
about an awis: and asa confirmation of his theory,
he has in many cases been able either to prevent
this. deflexion, or to duect it such: way as he
thought proper.
The last particular I shall here take notlce of, is
a most extraordinary, and astonishing increase of
the resistance, and which seems in a manner to
" take place all at once, and this when the velocity
comes to be that of between cleven and twelve
hundred feet in one second of time. Thisincrease
however only concerns the absolute quantity of
the resistance, the law of it continuing-in other
respects nearly the same as before: and’ it ‘is- re-
markable farther, that the case wherein this in-
crease of resistance becomes observable,. is that;
wherein the velocity of the shot, is at least- equal
to that velocity with which sounds are propagated:
whence Mr. Robins has with great- sagacity of-
fered his reasons to belicve, that in this case thé
air does not make its vibrations sufficiently fast,
to return instantaneously into the place the bullet
has left; but that the bullet then leaves a vacuum
behind it; whereby it becomes exposed to the
~whole wsxstance the body of air beforc it is ca-
pable of giving.
~ Should I'but l)arely enumerate all the particu- -
lars in these experiments, that have appeared to.
myself both curious and instructive, I must by far
exceed the bounds; that can reasonably be allowed
me on the present occasion. I shall therefore
only add, that as I cannot sufficiently admire the
. elegance

!
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elegance and~the judgment, with which the gen-
tleman’s - experiments have .been contrived: and
conducted ; 'so neither.can I enough commend
the laudable and indefatigable pains-he has taken,
in making so very many experiments himself, and

" in collecting also so many others from elsewhere;
all which. he has deduced such computations
from, . a$ ‘might eénable him to compare the same
with, . and hereby torcenfirm and -ascertain his
theories. : Co

Voot gy H LN

L~

Mr. -Rorins,

: It is- now, Sir,* with the  greatest satisfaction:
that I can assure you of the high esteem the Roy-
al Society have for you,; and of the just value they
set upon your very curious and ‘useful communi-

. cations, .. It is by their command, and in their
name, that I put into Your hand- this faithful
token of their regard: in which you will not at-
tend to.the.smallress-of:the gift, but donsider it
as.it.comes.from a Society, neither abounding in
sums of silver ot ‘gold, not pursuing er coveting
worldly riches, but the improvement -only-of phi~ -
Josophical knewledge..- Y.ou will please therefore
in such a:light to accept. this medal, and in some
sort. to\.compare it to those crowns,: that were

- given to eminent persons, in the first dges of sim«.
plicity of the ancient Greeks; and. which ' al-.
though only wreaths of olive, or evén.garlands of
grass, were not on that account the less esteemed
by those upon .whom they were bestowed, as they
were still authentic testimonials, of the most ex-

_ alted virtue, and of the most distinguished merit. -

As thus Mr. Robins'’s experiments and theories met
with the greateft.approbation from the beft judges bere »

S0 1be iraét be bad publifbed on thofe fubjeils bd'id

N oo NR
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bim much bonour abroad ; for the famoss M. Esler
tranflated it into High Dutch; accompanying this
Small piece with an immenfe. commentary* and befow-
ing praifesion it, yet not without astempting to difcover
errors, This was printed at Berlin i 1745, and
Mr. Robins foon after informed me, that M. Euler's
principal objections arofe from . mz/lalm ; the fource of
wbich baving found eut, be interded to publzﬁ ag .an-
Jwer ; but fram that time continual zm:rruptmm pre-
vented bim.

1t bas alfo been tramflated into French by M. Lc
Roy ;t and it is eften mentioned with applaufe in the
Literary Journals of Europe.f Tbe antbors-of one o
shem in giving an account of M. Du Hamel’s experi-
ments ‘o :the fame fubjelt, ddd---il nous expose &
cette occasion: quelques ezxpenences trés-curieuses
faites - par d"autres! hysicicns particuliérement par
M. Robins, que lxngletmre comptoit au nombre:
de ses plus gran géometres, -mais que la mort Tuit
énlevail yd déja 2uelques années.f -

- The reputation, be juply acyiived by this ?E(fdﬂﬂa
© awce, made, a. foreign “profeflor of ibe -matbematics,
vlmx in London, pay bim a vifit » and bis ¢ficem for:
Mr. Robins ewas by that interview greatly improved,:
infomuch that on bis retars bome, \he commended Mr.
Robins fo effeZually to ke late prince of Orange, thaf.
be was invited over:ta affift #.the defence of Berghen<
op-Zoor, then invefied by the Fiench ; and: be did
_accordingly fet out for that place ; but it was enmsered.
&y the befiegers, September 16, 1747, ju_[t' qﬂer bis
'arrwal in tbe Dutch 4my 4

.o : - As

"% This celebrated work has lately been translated into Eng-
- lish, by order of the Board of Ordnance, withmany necessary
- Remarks and useful Tables, by Mr. Hugh Brown.of the Tower,
. publlshed in one volume, in quarto, -
.+ Memoir. de I’A cademie de Sciences & Paris, for 1751, p. 45,
. "1 Journal des Scavans, Mai 1743. Nov. Aéta Erudit. Maij
1746. Mem. de VAcad. des Scicnces & ‘Paris, 1750, p. 1.’
Mem. des Sciences & Belles Lettres i Berlin, ann, 1755, p. 104
.|| Journal des Sqavans, Jan, 1755,
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- As My. Robins bad at this time o opportunity of
feewing bis fRill in military affaivs ; fo fome years be:
JSore be was difappointed in bis boges of ferving that
way bis own country. For in 1741, Lord. Cathcart
was 1o go on a fecret expeditiony-which was. geherdigr
believed to be intended againff the Havauna.: ~And
Mr. Robins baving bad a manyfiript plan of i, drawn
spon 1he [pot with great exalnsfs, Fiven to bim by fome
of bis Sriends, zfrimedmtel_y applied bimfelf to confider,
bow the fiege of this city, now delincated bifsre bim,
might beft be attempted ; and By great pains-in inguirs
.Ing of numberlefs peyfons, who bad bégn thers, got futh -
information, as erx bled “bim to wrile ¢ very dcturate
Jeheme for the conqueft of ihat “important fortres ;-ik
whith feheme, after baving deferibed the citcumjariss
conntry, and pointed ous the properdft Dlacey where thy
sroops.might land, be then fet “dotoni & ety ‘particular
account; i what manner they ought vo proceed, fép By
Sep, tbrmgb all their atsacks, firfi dgainfl thé. Meorea]i‘l?’,
‘and then againfl the body of 7he towom itfelf. '
This ftheme, togetber with the mannfcript plan ﬂﬂ
mentioned, Mr. Robins prefented Yo Lotd Cathceart,
wot without bopes, that bis Lordfbip worid thereby b
indsced fo allet bim'a fhare in the eaécution of aii en-
terprize, be bad fo fully marked ont, as bardly ¥
omit u Jingle circumfiarice, that fiied tn aeed of e:pia-
nation ;- -but bis expeftations were datally difappointed ;
Jfor notwithfanding the prefent wak recerved tith giort
readinefs, and many encomiusms beflovied upok the. coti-
Ppleatne[s of the performance, et ks Lordfhip <vas
quite i{gnt with regard to ensaginy bis -perfizl ¥R
ance.. Many people then fudged this: cola’nm to pro-,
ceed: from Mr, Robins baving been alnchid 46 25é
wrong fide of political party; but time foon d sfeovéred

Carthagena, and not” the Havanna, 1o ‘be Ibe grea}
objelt of that unfuccefsful expedition. '

-~ Some years aftér ihis. difappointrnent, Mr. Rebins
bad tbe good fortune lo be engaged .in a work, fhat
proved of mare -confequence to bmﬁ than oll be bad ,

- bitherto written. )
c2 - In
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v g 174 MrodAnson; (now Lord Anson; and af
the begd-of ihe Admiralty, when our fleets carry.terrér.
wherever they appear,). as commodore in the Centurion
man-of war, accompanied wirh otber [bips, began- his
woyage round the world, which though by difafiers bad
w0t .all the fuccefs that might bave been reafonably exA
pelied, yet under this.great commander were produced
wany brave and fkilfud officers; who at prefent do fo
puch kanour 1o the British navy.: . QF this voyage the’
- publick. bad far fome vime been in expeliation of Jeeing
awkecount compofed under- bisLoydfoip’s own infpec-
 op o For thispurpefe. the reverend Mr. BRichard
Walter vwugs, emplsyed; - as baving been chaplain aboard
the. Centution fortbe greateft part of the expedstion,
M. Walter bad. accordingly almoft finifbed bis task,
buving., brought. it dewn o bis. own . departure from
Magao for ¥ngland; wben be. propofed to print bis
 awork\by Jubfcription., Then Mr. Robns being recom-
mended-as a.proper- pevfen for reviewing it ; on examis
nation (notwitlz{twti'ng the foortuefs of\tbe 1ime; that.
could be allowed for. fuch an undertaking) it was re-
Solved, that the. whole [bould be written.entirely by Mrs
Robins ; what My \Walter bad done,-being, as Mr.
Robins inforgeed  sos-almoft all.taken werbatim from
the Journals, was 29 ferve asmaterials only. . And.
upon a firict perufal - of bath . the performances, I find
Mr. Raobing’s o contein about as much matier. again
. as that of Mr. Walter: and -indeed. the introduilion
entire, with many differtations in the body of the book,
were . compefed by Mr. Robins, without baving re-
ceived the leaft bint from Mr. Walter's manufcript »
and wbat be had thence tranfcribed regarded chicfly
the wind and the weathey, the currents, courfes, bear-
ings, diftances, offings, foundings, moorings, and -the
~qualities of the ground they anchered om, with fuch
particilars as generally fill up a failor’s account.. Sa
tbis famous voyage was compofeds in tbe perfon of the
Centurion’s chaplain, by Mr. Robins, in bis own
Jyle and manner.  Of this Mr. Robins’s friends, Mr.
1 ) Glove
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Glover and Mr. Ockenden, are witncffes as well as
wyfelf, we baving compared the printed ook wztb M y
\Valten s manufcript,
And this was at that time no ﬁ(‘ret ;. forin. ibe coun- .
. terpart of an Indenture, row lying before me, made:
between Benjamin Robins, Efg. and John and Paul

Knapton, bookfellers, - I find, that thofe. bookfelers,
purchafed the topy of this book from® Mr. Robing as.
the fole proprietor, with no other . mention of Mr.,
Walter, ‘than. a provifo in relation 1o, the _/aé/rnpfms.
be bad taken. ;. o

Thus:as many of Mr. Robms 8 fmaller pxec'e.s came.
abroad. without a name ; .fo this: larger volume. twas.
printed in the year 1748, under that of anotber. But
though Myr. Walter's appears in -the frontifpiece.; yet:
Myr. Robins was fo' well underflood bere to be. the
Principal author, that be was univerfally congratulated
on its fuccefs. And indeed no produition of this kind
ever met with @ more favourable reception from the
public ; four large editions were fold off in lefs than

& twelvemouvth ; and it bas been tranflated into moft of
the languages of Europe; and it fiill fupports its re-
putation, it being this year, 1761, printed here for the
ninth time.*

" Though' 1he beauty YL theworiginal cannot be fully
pereeived by a foreigner, yel the Fournals abroad bave
Jpoken of it with great appi &ufe The authors of ane
of themt declare—aussi croyons-nous avec lui que
son ouvrage est trés-swperieur i tous ceux qui ont
paru dans ce gente ; ¥nd on mentioning the fufferings
of the mariners in aone part of the navigation, they Jay,
La pelutule de ces divers accidens est si forte & si -
-vive, qu’elle poite I’effroi & la commiseration dans:
l’ame des lectures. - And M. d’Alembert; in His .
Disquisition on the figure of the earth, recounting the

‘voyages that bad been made- roand it, ﬁzy:, En der-
c3 ~ niere

* The fifth edition at London in 1749 was remed and core
rected by Mr. Robins himself.. i .
+ Journal des Sgavans Janv. 1750.
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niere lieu ce voyage a été fait par ’amiral Ansan,
dont on a imprimé la relation si interessante et, s

“curieuse.*

We are alfo toldt that in a treatife publifbed at
Paris in 1756, intituled Histoire des Navigation
aux Terres Austriles, tbere are extrafis from it ; and
accordingly the autbors of tbe Memoires des Trevoux}
in_ their account of that Collection, after having duly
commended two famous woyages§ to thofe parts, add,
that in theri;—an ne sent pas cette chaleur d’ima-
gination, cette vivacité de style, qui caracterisent
P'histoire de V'expedition dont se chargea l'amiral
Anson en 1741.—Richard Walter, chapehain du’
vaisseau amiral, qui a écrit la relation de ce voyage,
y peint une flotte qui s’embarque avec allégresse,
qui vogue avec les plus hautes esgérances, et qui
aui Détroit de la Maire, et méme 3 I'entrée de la
Met Pacifique, voit la fortune dont elle se repais-
soit s’evanouir .dans le scin des plus affreux de-
sastres.—Tout ce que F'un et P'autre élément peu-
vent offrir de. plus riant et de plus effrayant, se

. rencontre sous le-plume de Walter et varie agré-

ablement ses curicuses observations sur la géo-
graphie la physique et la navigation. N
bave chofe to fet dowm yvather thefe foreign tefii

. monies to the advantage of, Mr. Robins's performance,

than to enlarge myfelf in s commendation ; fince ihe
inviolable friendfbip, that is well known to bave fub-
Sifted above twenty years between us, may be thought
2o influence my opinion.  *

Mr. Robins, thus becoming famous for bis ability
in writing, was requefied to compofe an apology for the
unfortunate affair at Preston-Pans in Scotland.
This was prefixt as a preface before the report| that

. was
* Encyclopédie, tom. vi. p. 750.

+ Journal des Sgavans, Oétob. 1757,

1 Jan. 1758. : o

§ Those of Mess. Frazier and Losier-Bouvet.

1| This is intituled, The ort of the Proceedings and Opia

~ mion of the Board of Generdl Ufficers on their Examination inte
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was publifbed of that tranfattion, and this preface is
effcemed a mafler-piece in its kind. For there the
movements of the English and of the Highland armies
are defcribed, the piclure of the country drawm, and
$he advantages and difadvantages of ground pointed
out, with fuch force and perfpicusty, that I bave beard
2ood judges [ay, they looked on it, as one of the beft writ-
Yen pieces in onr language. And indeed its author was
wery capable of adapting bis flyle to variety of fubjects,
_wwhether grave or of a foyous mature: fo that bis
$mmature death bas deprived us of many excellem
works, be might bave vtberwife publybed of very difs
ferent kinds. K N
Henceforward Mr. Robins bad vpportunities of
making fartber experiments in gunnery, by the favour
of Lord Anson ; the refult of fome of them is declared
¢n the Dijcoxrjes, I bere publifp from the author’s
apers.
? He alfo not a little contributed to the improvements
made in the Royal Obfervatory at Greenwich, by
ufing bis interefl with the fame noble perfon to procure
& fecond mural quadrant, and other infiruments, where- .
&y this obfervatory is become perbaps the compleateft of
any in the world. The new mural quadrant, which
was at firf} defigned for abferving towards the north, be-
ing Rill of more exquifite workman/bip than the former,
§s accommodated for obfervations towards the fouth,
This obfervatory foen became famous, from Mr. Flam-
-steed’s. obfervations besng found to be the moft accurate
of any made at that time by others. And what may
we not expelt from it now, fince its prefent worthy pof-
Jelfor, the reverend Dr. Bradley, is not more remart-
able for bis fingular exalinefs in obferving, than for bis
great bumanity in communicating bis obfervations to
Juch. as are likely to make & proper afe of them ?
. Myr. Robins’s reputation being nots arrived at its
Jul beight, uneitber bis backwardnefs in pufbing bis for-
' c 4 ) tune,
the condull qf Lieutenant-Generdl Sir John Cope, Knight of the
Bath, Colonel Peregrine Lascelles, &c. London printed m_xuy
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- dune, that conflantly accompanied bim, nor bis inflexible
bonefly, that never permitied bim to approve of the
unwarrantable aftions of any faction, being:no longer
able to prevemt bis preferment, be was offered the
choice of two very confiderable employments.. The firft
was - to go to Paris as one of the commiffaries for ad-
- gufting our limits in Acadia ; the other ‘to be emgineer
general to the East-India company ; -whefe forts being
in a moft ruinous condition, there was wanting a very
capable perfon to put-them into a proper poffuré of
defence.  This latter be accepted, as it was fuitable
2o bis genius, and where, be ‘believed, be fbonld -be
able to do real fervice, as not being liable to be bin-,
dered through the [uggeflions of defign or ignoranmce,
which by tbeir boafting and importunity, often in-
JSinualing themfelves into the direction of public affairs,
- Jrequently render abortive the beft concerted fchemes.
The company’s terms were both advantageous ‘and
bonourable.” There was fettled upon bim five bundred
- pounds per annum during bis kife ; om condition that be
continned sn their [ervice five years. He was alfe

entrufied with the appointment of .all that weresto-.

be employed under bim ; and fuch an order was made
" for furnifbing. bim with what fums of money, be foould
think neceffary towards carrying on the works be un-
dertook, as was never paffed on the like occafion ; fo

great was the confidence the company repofed in Mr.

Robins’s integrity, as well as ability ;*5n neither of
which did they find themfelves deceived; and indecd be
alted in all occurrences, through every [cene of life,
with the utmoft genergfity and difinterefiednefs ; and
never offered to undertake any thing; wheresf  be tds
not a perfelt mafler. . N e
. He defigned, if be bad remained in England, 1o
bave compdfed a fecond part.of. the wvoyage round the
world; as-appears from the following letter, which

Lord Ansowdid Mr. Robins the bonour to write to

bim on that fubjedt.
' , - PE#R

. NI '3.'\_.‘

-
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When I last saw you in town, I forgot to ask
you, whether you intended to publish the second
volume of my voyage before you leave us, which,
I confess, I am very sorry for. If you should
have haid ‘aside all thoughts of favouring the world
- with more of your works, it will be much disap-

pomted and 010 one in it more than
your very much obhged

Buth, the 221 . humble servant, -
. _of'Octn‘ber, ’ ANSON
1749. ’

Al

If you can tell the time of your departure, let
me know it. © AU

- be abwc letter is prmted not. wztbvut the noble
.Lord’s confent.s who, being requefled to permit, that
2bis tefbimony might be exbibited ‘to the world of bis
Lordfbips efteem for My. Robins, replied, in the po-
liteft manner, That every thing in his power was
«due to the memory of one, who had deserved so
. -well of the public.. :

- Mr. Robins-was.alfo preparmg an enlarged edition
qf bis New Principles ‘of Gunnery, and as there
-epould - beve been made great improvements in what

was already publifbed ; fo the geomeirical part was
antended to be added ; as I learn from fome memoran-
dums, : be left bebind bim. Fyom them alfo I under-
fland, that'be bad tbe tbeoryof the moon urider con-
Jideration. - - - w
. .Bat, baving promded bszdf w:tb a complete /&:
of aftronomical. and. otber infiruments, for making- ob-
Jervations and experiments in the: Indies, be departed
- from bence at Christmas in the year 1749, to the
great _/brrow of all bis acquaintance.  This bowever
was in Jome meafire -alleviated, on accoint of the ba-
MI& the-public wgkl rewve ﬁam his Wnt / tuatmx

4.4‘0’“/) . Vel E e m

*

P



ki Dz; WILSON’s

in life, and by the bopes of [ecing bim return [afe with
bonour to bis native country. Not lefs fenfibly moved
- awas Mr. Robins at quitting the agreeable fociety of
bis dear friends, to many of whom be bad been firitly
united from bis firft coming to this place. o
" In the woyage bis [bip was very near being caff .
oway ; but he arrived at the Indies on the thirteenth
of July, 1750.

- There be immediately fet about bis proper bufine/s
with unwearied diligence ; and be completely formed
plans for Fort St. David and Madras.  But be lived
not to put théfe in execution.  For the great difference
1n the climate was beyond bis tonfiitution to fupport :

" which was always delicate, though till then be fearce
ever bad a fit-of ficknefs. L SR
In September 1750, be was attacked by d fever,
out of which be recovered; but about cight months
after be fell into a languifhing condition, in which fate
be continued to bis death. . When be had reafon to be-
‘lieve that was mot far off, be expreffed bimfelf dif-
pleafed, the phyficians bad not made him acqusinted
with bis real cafe fooner, that be might bave loff #o
time in expellation of recovering ; and even then be
exerted bimfelf as much as poffible in the duty of bis
office, expiring at Fort St. David the 29tb of July
1751, with bis pen in bis band, as be was drawing
up for the compgny an accoumt of the pofture of thesr
affairs. ' ' ‘ '
The fortifications.of Fort St. David bave deen fince .
JSinifbed, and they are at work upon thofe of Madras,
according to Mr. Robins’s plans. Thefe I bave beard
bighly praifed by many intelligent perfons, who bave
- been upon 1he fpor. And what 15 flill ‘more, I bave
been informed,* that they were approved of by the
brave colonel Clivé ; ‘who through: the force of genius
: ' ' alone

# By the late accurate and elegant historian of the affairs
of India, Roserr Onme, Esq. who was personally acqaainted
with Mr. Robins, and highly esteemed his abilities. ~See his

Military Transactions of the British Nation in Indostan, 4to.
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_alome becoming & felf-tatight commander, bas with
matchlefs condufl, as well as valour, retrieved oyr
Jinking affairs in thofe parts of the world. . .
- As foon as the news of Mr. Robins’s death arrivéd
“bere, great numbers, befides bis particular friends and
acquaintance, flvangly expreffed their concern at the bfs
of fo valuable a perfon ; and as bis letter was read to
the court of the LKast-India diredors, a moff vifible
appearance of forrow fhewed itfelf on the countenance
of all prefent ; and the regard the company bad for
Myr. Robins’s merit, and their fenfe of the fervices be
did them, the fbort time be lived in their employments,
induced them to bebave with great generofity towards
bis fatber. : ' )

Mpy. Robius left alfo a moff amiable charatler be-
bind bim in the Indies; for I bave learnt from many
perfons, who bave come from thence, that bis memory
is fRill beld there in the bigheff efiimation by all ranks
of people. And no wander that a perfon fo well quali-
fied in every branch of valuable learning, fuch a pro-
Jicient both in the praclice. and theory of ufeful arts,
as likewife fo capable and ready to communicate bis
knowledge to ithers, and endowed with @ moft candid,
generous and. difinterefed -mind, and withal a mofp
Sorightly and agreeable companion, foduld bave render-

" ed bimf[elf univerfally acceptable. :

I mift not omit mentioning,. that be took care to make
a fufficient provifion for bis fatber, Mr.John Robins,
&y purchafing an annuity for the old gentleman’s life ;
wha, at the Bath till bis ninety-fecond year, when be
died in 1758, enfoyed a perfeit fate of bealth, baving
bad nothing fo much to regret, as the lofs of the only -
child be ever bad ; whofe repatation in the world, and
conflant affeitionate bebaviour towards bim, were the

. cbief confolation of bis declining age.

By bis laf will, Mr. Robins left the publifbing
bis works to bis bonoured and intimate friend Martin .
Folkes, Efq. prefident of the Royal Society, and to
myfelf: but as that excellent. perfon bad for fome tbime ,

- oeen -



xliv Dz.” WILSON’s ‘
been rendered incapable, by a paralytit difotder; of
wbhich beis fince dead, of bearing a part in this charge ;
Mr. Robins's papers were entrufied to me by bis ex-
ecutor Mr. Thon:as Lewis. :

And bere I cannot forbear exprelfing my deep fenfe of
the long continued and uninterrupted bencficence, Mr.
Robins experienced. from this worthy gentleman, arif-
ing folely from bis juft difcernment of merit, which not
only infpired bim with the bigheft ¢fleem for Mr.
- Robins, but alfo with a degree of friendbip, which
-meither time nor place could abate: bis regard for the
memory of bis deceafed. friend, extending beyond the
grave, was fill fbewn in.a conflant benevolence to-
wards Mr. Robius’s fatber during bis life.

What writings Mr. Robins left bebind bim, that
were delivered. to me, bad been tranfiribed into one
voiume in a very fair band. This contained feparate
difcourfes, all relating to gunnery. ‘

Thefe take up from p. 175 to p. 315. * They bad - -
been moft of them read. before the Royal Society,
whilfl their autbor wasin England. That entitled,
A Comparison of the experimental Ranges of Can-
non,-&c. at p. 230, was fent by bim from Fort St. -
David, juft after be was recovered ous of bis firft ili-
nefs. It.was prefented tothe Society the 27th of June
1751 ; and the letter, that accompanied it, was dated
October 16, 1750; in which Mr. Robins tells the
prefident, This I here send, with anothery I intend
by the next spring (when I hope to let you have
the complete copy) will finish all I now purpose
~ to publish upon the subject of gunnery, leaving
the further completion of it to my future labours,
either.in this country.or in Europe.  The other dif-

* caurfe mentioned in the letter, I take 10 be The prac-
- tical Maxims, and the complete capy to be the Ma-
nuscript pu# into my bands, as far as Mr. Robins
bad fiifoed. it : wbich, I believe, would bave been
more complete, if be bad furvived any time longer : for
as there aré added fome notes, fo there were vacant

T fpaces

\
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" fpacesileft, in order, as it foould feem, fo ?ec‘éxbt more
notes ; but death put a /iop to 'wlmtever be t‘bfn farlber
intended, :

Of the Practical Maxnms, wbzcb*were not reﬂ '
before the Royal Society, there are many copics abroad ;
and I collated mine with two others : ownesmy-friend
Myr. Glover furm]bed me with ; the other Mr.
Nourse, who kad it fome years ago of My. Muller.
The wvarieties in the reading, I found to be very .m—
confiderable.

This volume contains likewife Mr. Robms s New
Principles of Gunnuery, as be printed it (for it is not
known, -what is become of the many improvements, he.
bad made in it) with the account, that was given of -
it in the Philosophical Transactions.- And I bave
added an extral? or two from his loofe papers, as alfo
bis difeourfe on the beight to which rockets afcend,
together v with another on the fame [ubjelt, written by
bis ingenious friend My. John Ellicott, fellow of the
Royal Society, and clock-maker to bis majefty ; a per-
Jon of Bric ponour, whofe inventions, in mechanics, and
reputation for exquifite workmanfbip, in all forts of

" movements for regulating time, are juftly celebrated, as
well in foreigh parts as at bome.

My, Robmg&dg[routfe of the nature and advantage o
of rifled barrel pieces, not baving been communicated

20 me, till almoft all this volume was. printed of ; I

_awas obliged to give it there at the end, though fome-

“what out of its proper place.

All the difcourfes, that had been read before the
Royal Society, were to bave been colleSed, and dedi-
cated by their author to the late prince qf Orange
who had expreﬂ?d the bighef eficem for Mr. Roblns,
and bis writings, as I learn by a letter of a noble per-
Jon, dated the 13th of August, 1747, written from
the Hague to Lord Anson, -

I mentioned before My. Robins having treated of
the geometrical part of bis New Principles of Gun-
ncry Jo ke bad confidered the ¢ffeéis of the air's re-

¥ ﬁana;‘-
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b ﬁam& in regard Io/jbzp—bmldmg, and the working of -
veffels at faa ; but whatever be might bave fet down in
writing concerning thefe, and other curious and ufeful .
Jubjects, bé carried along with bim to the Indies; of
which I bave not_been able, during the many yeaks -
ﬁuce bu dm’q/t, 2o gel ibe leaﬁ zrgfomamn.

" JAMES WILSO\I
London, May 20,
§761. - ’

Ty
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THE
AUTHOR’S PREFACE.
(

Axovur a twelvemonth sincdcg/l)had 'some inten-
tions of exhibiting a public course of Fortification

- so far as to dlstnbute some manuscnpt coples o
- the particulars, of which I proposed it to con-
sist, I have thereby been in some ‘measure en-
gaged in the present undertaking. oo
\ : .
~ For, as I had resolved to render this course s
complete as I possibly could, both by large mo-
dels of different fronts of Fortification, and their
different attacks, and by an experxmental exem-

., plification

* This sentence seems  to allude to a m.rcumstance not no-
ticed in the preceding account of the author’s life ; viz. that
" on the establishment of the Royal Military Academy at Wool-
wich, about that time, Mr. Robins was a candidate for the
. office of professor of fortification in it, but which was con-
ferred on Mr. Muller. On which, it has been said that Mr.
Robins published his discoveries and improvements in Gun-
nery, to show, it was thought, what sort of a man had been
overlooked on that occasion. - H.

A2
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plification of the prece[;ts of Gunnery with real
Artillery, I found it necessary to insert under this
last head a theory of the force of Gunpowder,
and certain propositions relating to the resistance
of the air, which I had discovered, and confirmed

by experiments. But these principles being set

down in the schemes, which I' delivered out as

assertions only, without any account of the na-
ture of the experiments' made use of for proving
them, and being liable to great contestation, on
accoutt of their inconsistency with all the re-
ceived opinions of the writers upon this subject,
I thought it incumbent on me to clear up in a
more particular manner any difficulties which
might have arisen about them, and to evince
their certainty by a number of unquestioned ex-
periments. And this has principally given rise to
the ensuing neétise,'iri which the force and va-

ried action of Powder is so far determined, that

the velocities of all kinds of bullets impelled by
its explosion may be thénéc,,computed, and the
_ enormous resistance of the air to swift motions
(thuch beyond what any former theories hayve
assigned) is likewise ascertained. And on ‘these
i;rinciples it will appear that the original velocities
of bullets, when impelled by full charges vofy Pow-

' / der,
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o

der, and the track described by their flight, are
" extremely .different from what the writers on

these subjects have hitherto supposed.

As the principal disquisitions of the following
sheets relate to the force of Powder, and the
- flight of shells and bullets, it may not, perhaps,
- be unacceptable to the reader to peruse a few
particulars relating to the invention of Powder,
and the history and improvements of Gunnery, -
and its sister art, Fortification ; especially as the
nature and purport of what we shall hereafter ad-
‘vance will receive some kind. of illustration, by
‘being compared with the opinions which have
formerly-prevailed in these enquiries. And théugh
our immediate view is the promoting the theory
and practice of Gunnery, yet the present me-
- thods of fortifying are so connected with the in-
“vention and management of Artillery, (these arts
having in some measure given laws to each other)
that I presume a short recital of the rise and
changes of the modern military architecture will
not be 'impertinentfy prefixed to an account of
those powerful machines which first gave it birth.

With regard to the first invention of Bastions,
' As - there
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there are many epinions amongst authors, it being
as yet a point undecided in what place and at
what time they were first put in practice. Some
have attributed this invention to Zisca, the Boke-
mian ; others to Achmet Bashaw, who having
taken Otranto in the year 1480, fortified it in a
particular manner, which is supposed to be the
first instance of the use of Bastions®. But these
are the positions of later writers. ‘Those. who
wrote on the subject of fortification near two
centuries ago, seem to suppose that Bastions
were a gradual improvement in the ancient me-
thod of building, rather than a new thought, that
any one person could claim the honour of.—
Pasino in particular, in the first part of his book,
~ imputes the changes in the ancient fortifications,
and the introduction of the modern form, to the
. increased violence of the later artillery, without
pretending that it was effected at one time, or by
one person f. So that I believe we cannot with

certainty

* Vid. The commentary of the Chevalier Folard on Poly«
bius. Tom 3. pag. 2. ,

+ Vid. Discours sur plusieurs poincts de P Architecture de
Guerre concernants les Fortifications, tant anciennes que mo-
dernes, &c. Par M. Aurelio de Pasino Ferrarois, architecte
de tres-illustre Seigneur, Monseigneur le Duc de Bouillon.—
Printed by Plantin 1579. It appears by a copy of verses pre.
fixed to the book, that this author fortified Sedan.
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‘certainty affirm more in relation to the invention
of Bastions, than that they were well known soon
after the year 1500. Forin 1546, Tartalea pub-
lished his Quesiti & isventioni diverse, in the
sixth book of which he menuons, that whilst he
resided at Perona (which must have been many
- years before) he saw Bastions of a prodigious
size, some finished, and others building ; and
there is besides, in the same book, a plan of
Turin, which was then fortified with four Basa
tions, and seems to have been compleoed some
tlme before. :

And though‘ ‘we cannot certainly assign’ the
time when the old circular Towers were first con-

verted into Bastions, yet in'all probability it did .

not long precede the date we last mentioned.
For in the same book, the prior of Barlera, who
was himself a soldier, esteems Turin to be im-
pregnable, and tells us that this was the general
opinion of all men of skill; he likewise makes it
a question, if, in the fortifying of cities, the ge-
nius of mankind was not arrived at its utmost
limits of perfection ; which seems to evince that
the invention was a recent one, and tHat it was
greatly the object of the esteem and considera-

v | A4 ~ tiom -

/



8 THE AUTHOR’S PREFACE..

tion of his cotemporaries, as a new contrivance of
this kind would naturally be. o
The first Bastions, such as those of Twrin, of
Antwerp*, and others of the same age, were but

small, and removed at a great distance from each

other; for at that time, it was the universal prac-
tice to attack the Curtain, and not the Bastions.
But a few years after there were introduced Bas-
-tions much larger, and much nearer together,
‘than w_hag had been constructed before ; as_ap-

pears by the citadel of 4ntwerp, which was built
under the direction of the duke D’A4{va, about

1566, and which, by the frequent encomiums on
it.in some early authors, seems to have been the
first instance-of this improvement.

From this period, the modern practice of mili-
tary architecture may be supposed to have taken
its rise ; most of the improvements of the present
times being little more than the putting in use .
such methods as were proposed within a few
years of this @ra; for many celebrated authors
flourished soon after, as tLa Treille, Alghisi,
‘ Marchi,

* Antwerp was fortified about the year 1540, as we learn.

from Speckle. Lib. I. chap. 10.
+ Vid. La maniere de fortifier Villes, Chasteaux, et faire
autres
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" Marchi, Pasino, and, above all, Speckle*, who
" was one of the greatest geniuses that has applied
 to this art. ‘
The better to'judge of the pretensions of the
- moderns, and the merit of the systems of fortifi-
cation now in vogue, we must enter into a short
" discussion of the various methods which have
been proposed for covering the Flanks, and con-
sequently for securing the Ramparts from the ap-
prbach of an enemy. For if it be agreed that
the principal defence of a fortress is its Flanks,
the best standard to judge of the merit of any-
_system of fortification, is the manner in which it
provides for the safety of the Flanks, against the
efforts of the enefhy. B

Now the most usual contrivances for this pur-
pose have been Orillons, Ravelins placed before
the» Curtains, Half-Moons placed before the

: points
autres lieux forts: mis en Francois par le Seigneur de Bere:il -
Frangois de la Trellle Commissaire en PArtillerie. A Lgon
1556. This author was the first I have seen who proposed
the Retired Curtain, which has since been published by others.
under the name of the Re-inforced Order.

* Daniel Speckle was architect of the city of Slra:bourg s he

died in the year 1589. He published a treatise of fortification
in German, which was re-printed at Leipsic in the year 1736.
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points of the Bastions, and Contregards ; each of
which we shall separately consxder, both as to
their use and: anthulty

The Orillon is as old as the Bastion, since in
" Turin and Antwerp (mentioned above) there is a
lower Flank, which is cut out of the substance of
. the: Bas@, and has thereby a shoulder of a con-
siderable thickness, to screen it from the Field.
Batteries. But, besides this, the drawings of
- Pasino, Speckle, &c. abound with Orillons of the
same form with those now used, the only differ-
ence being, that the modern ones are less massive
- than the ancient ‘ones. This invention has had
the good fortune to stand its ground in almost
every system which has prevailed, although it be
rather on the fame of the services it has formerly
done, than for any advantages the moderns have
received from it. For in ‘ancient sieges it was
the custom for the besieged to have a retrench-
ment behind the breach, by which means the be-
~ siegers were obliged to lodge themselves on the
ruins of the breach, in order from thence to bat-
ter the retrenchment. In this case the piece or
pieces of artillery, which being covered by the
Orillon, could not be dismounted, were of wongy
' derful
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‘derful service to the besieged'; and many instances
might be given, where the enemy have been hereby
0 gauled, after they had lodged themselves in the
ruins of the breach, that they have desisted from
their enterprize. But as it is now o longer the
fashion 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 present times of gny great

feats performed by the Orillon.

The Ravelins placed before the-Curtains, (or

Half-Moons as they are called in the modern sy-

stems) wete intended to protect the Flanks from
cross shot, and to confine the batteries, which
should be raised against the Flanks to the oppo-~
site part of the Counterscarp only, where they
would be ‘more exposed to the besieged, and
‘more difficult to preserve. This invention like-
wise is nearly as ancient as the art of fortification,
it being to be found in great numbers of old
places, and in almost every old writer, and is still
‘continued in most fortifications.

But the ancient writers, whose principal care
was the securing of their Flanks, did not rely
solely on the advantages they received from the

last-
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last-mentioned invention. For though, by that
means, the Batteries for destroying the Flank
were confined to one place, yet they found, on
examination, that on that place the enemy would
have more room than was sufficient for erecting
of his Counter- Batteries, and therefore they added
'Half-Moons before the points of the Bastions :
“these were intended to possess the ground to
which the enemy’s Batteries against the Flanks
were already confined, and thereby to render the
.construction of* those Batteries still more difficult.
. However, they did not completely answer this -
. Iiurpose, and have been long since laid aside.
The intention of Contregards*, which are’
likewise very ancient, is the same with that of
the Half-Moons last-mentioned ; that is, the pro-
tection of the Flanks, to which purpose (if pro-
perly constructed) they are most Wondérﬁﬂly
adapted ; for the enemy, in order to ruin the
Flank, must either plant his Counter-Battery on
the Contregard itself, which, if the Contregard
be of a proper profile, it will be impossible for
him to do, or he must demolish a part of the
| | Contregard

* Pdu‘no, whom we have mentioned above, claims the in-
vention of Contregards, though they were afterwards much .
mended by Speckle. But the Contregards of this author were
not before the Bastions only, but surrounded the whole place.
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Contregard to enable his battery on the Contres-
carp to view the Flank, which is a tedious work,
“attended with' great hazard and difficulty. The
same inconveniency likewise attends him, when
* he would batter in breach:

But, not{vithstanding the excellence of this in- -
vention, it has been almost entirely neglected in
the modern system of  a neighbouring nation.— -
There have indeed been two or three places forti- -
fied by the Fremch, in which there are pieces
called by them Contregards, but they have no-
- thing but the name in common with those we
~ here treat of. However, their experience of the
efficacy of this work at Zurin may possibly have
induced them to think more favourably of it : for

I have lately seen them adding Contregards to
. the old works of.a very considerable frontier, al-
though it was before esteemed one of their com- -
pletest places. .

From all that we have said, then, it appears .
that the covering of the Flatiks was a subject much -
“more attended.to by the-ancient engineers, than
by those who have succeeded them; and conse-
quently that -the art of Fornﬁcatxon has net re-

ceived
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ecived from the moderns those great improve-
ments which unskilful writers would sometimes
persuade us to believe : for, indeed, in the se«
‘curing of the Flanks consists the greatest strength
of a fortress ; since, though all the other de-
fences, by being exposed to the Field-Batteries
of the enemy, should be ruined, yet, as long as
the Flanks are entire, the Rampart of the place
cammat be approached by the enemy : and, there-
fore,’ sinece this circumstance hath been so little
heeded by some amongst the moderns, it must be
owned, that the true principles of this art have
"been very imperfectly comprehended by them.—
For it has often happened, that they have dis-
puted about a few fathoms in the length of a
Flank, a Face, or a Curtain, or a few cl_egrees" 'in
the magnitude of a particular Angle ; when at the
same time they have too much disregarded this
most impbrtant consideration of all, the screening
of the Flanks from the Batteries of the enemy.

~ But this neglect hath been sometimes owing to
the authority of erroneous maxims, one of which,
in particular, is, that* whatever sees, is itself

. ' | ' seen ;

\
' * See this maxim urged with this view in Pagan’s Fortifica~
_tion, Chap. iv.
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seen; whence it has been .inferred, tha.t, if the
Flank can see the enemy, the enemy can ruin the
Flank with his batteries. But the fallacy of this
_reasoning lies here, that the Flank, if properly
 covered, cannot see the enemy when heisina
situation where it is possible for him to raise bat~
teries, but only when he gets in a place where he
~must be exposed to the fire of the Flank, without
baving it in his power to return it.” For instance,
a piece of cannon, covered by an Orillon in the
common manner, cannot be seen by the enemy,
till he is got over the gre_atest\ part of the ditch,
or is mounting the breach, in either of which
places it is impossible for him to raise a counter-
battery : and the more complete the artifice is by
which the Flank is screened, the greater will be
- the space in which the enemy will be thus
. éxposed.

Other engineers have eﬁdeavowed_to underva-
‘lue this art as ineffectual, and with this view they
bave expatiated much on the force of the modern
methods of attack, and have declared, that no
place, how artfully soever constructed, can stand
before them. With these gentlemen it is a maxim,
that when the Contrescarp is once lost, the whole
contest .
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coritest is in a manner over, and they. endeavour
to support themselves in this persuasion by the
examples of places of great note, which have
‘beén reduced in a much shorter.time than was
expected. - If these opinions could be relied on,
the _greatest part of the money laid out in fortifi-
cations would be extremely ill employed since a
simple Rampart and a Contrescarp would fully
answer the whole purpose intended. But the
truth is, that when a place is well constructed,
and skilfully defended, the taking of the Con-
frescarp is but a small step towards the possession
of the place*. Indeed the rashness and precipi-
tancy of the director of the approaches hath of-
ten intimidated a weak and ignorant governor;
but when the attacks have been thus eagerly
hurried on against a place commanded by a brave
and knowing officer, he has sometimes taken such
advantages of these incautious steps, as have made
them too fatal to be copied by any pretending to
prudence or humatﬁty. By this means the easiest
enterprizes have been often rendered impossible,

v N ‘and

* In the last memorable siege of Barcelona, the loss of the
Contrescarp (which was taken in a fortnight) did not deter-
‘mine the fate of the town, the great resistance being after the
body of the place was opened by several breaches.
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-and the pretence of gaining a day or two has

o'ften occasioned the loss of the whele*.

Be51des these inventions-for screening of the
Flanks, Whlch we have already me»ntrloned, there
have beeli others proposed of a different nature,

'w}iich, by weason of their singularity, have been

less attended to; such is the constructing of a -
Line, which should pass through the ditch, from
the point of the Bastion to the’ opposite point of
the Contrescarp. This is mentioned by general
Montecuccoli, in his Memoirs, as a method much
less liable to exception than it appears to be at
first sight 1. But though a Line thus constructed

- will do‘ubtless cover the Flanks from the view of

the batteries placed on the opposite ‘part of the
Contrescarp, and is itself very ‘defensible ; yet I
have never heard of its being put in execution.

Another
* Many instances of the difficulties and hazards to which the
dllies were often exposed in Flanders, during the late war,
may be seen in Landsberg, who was then an engineer in the
service of the States-General : these accidents, according to
him, were generally owing to the presumption ‘of the directors,
who, under the pretence of expedition, contracted the front of
their “attacks, and thereby often left the enemy’s works in
their rear, which rendered their progress next to impossible.—
Vid. Nouvelle Maniere de Fortifier les Places.
t Vid. Memorie del general Principe di Montecuccoli, pag.
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Another way of securing the Flanks, is by in- -
terposing the Entring Angle of the Contrescarp,
(or of the Ravelin) between them and the coun-
ter-batteries. This practice is described by Er<
- rard of Barleduc*, and is by him said to be the
mvention of the count of Eynar. And though
~ some authors, who were ignorant of the-advan=
tages hereby proposed, have severely censured
~ the having any part of the ditch hidden from the
Flank, a circumstance which niust necessarily at- - -
tend this. construction ; yet the greatest genius
who ever applied himself to the study of this.art
has’thought it worthy of his imitation, the cele-
brated fortress of Berghen=Op- Zoom havmu its '
. Flanks in part covered by this artlﬁce

- Butip a pivoper soil there is still a more effica-
~ cious defence than any we have yet mentioned ;_
and that is by the means of Contremines. For, |
supposing the fortifications of a place to be'con-
structed with no more art than what is necessary
' ' S to

* Vid. La Fortification demontrée, Lib. iii. Chap. if. Be- |
sides this invention here mentioned, there occurs in this an-
thor, the contrivance of placing a Gallery under tff Covered-

~ Way, with loop-holes into the ditch, which is practlsed at

Tournay, but more completely at Berghen-Op-zoom. Vid.
Lib. iv. Chap. vii.
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to oblige an enemy to bring hi/s. batteries an the
‘Glacis, when he proposes either to batter in
breach, or to ruin the Flanks (which may be ef-
fected by 2 good Profile and a Ravelin before the
Curtain only.) If the-soil be free from water t. -
a considerable depth, it is always in the power of
" the besieged to ruin the batteries of the ehemy by
. their Mines; which may be repeated too a number

of times, in proportion to the depth’ of the soil :

for these batteries being by supposition ¢onfined
- -to one situation, the besieged can always be pre-
pared for these operations before-hand, and would
have infinite advantages over. an enemy who
should endeavour to d'ig them out; which, how-
* ever, in such circumsté,nces, would be his only

resource.

- The first successful application of the hlewing’
of Mines in sieges, was in the kingdom of Naples;
* where Pietro de Navarre, by this m_eané, pqssesséd
“himself of a fort garrisoned by the French. But
the first celebrated use of these Mines, in oppos
ing the progréss of the besiegers, was in the years
1666, 67, 68, at the siege of Candia; not but
they had been often piactised in the defence of
places before, thoughin a léss‘ memorable man-
| B2 ' ner;
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ner ; for, by the assistance of this invention prin-
cnpally, the city of Candia kept the whole power
of the Ottoman empire at a bay for three years

successively. ~ Since that time the advantages of

Contremines have been better uﬁdersto_od. - The

last eminent instance of their great usefulness was -

in the defence of Turin, in-the year 1706 ; for so

" effectually were the besiegers traversed thereby, .
that, after near four months of open trenches,
. -

they were not in the possession of more than the
Con'trescarp, and even there, eleven pieces of

- their cannon were blown up by the defendants,

but three or four days before the place was re-
lieved. '

Béfore 1 leave this head, I cannot but in jus-
tice mention the great improvc'mcnt'i'n the doc-
trine of Mines, which is contained in that excel-
lent Dissértation* annexed to the third volume of
the French Polybius. For nothing can be more

. complete than the manner in which the different
- stages of Mines are there distributed ; indeed the
form there assigned to the excavation cannot be:

‘w0 o rigorously -

! .

* This, in the preface, is said to be the performance of mon-

sieur de’ Valiere, Marechal des Camps, and captain-general of

the miners.

’
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figorously what the author seems. to suppose ;

“but this exception has nothing to do with his ge-
- neral rangement of the Chambers, which is ex-
trt;mely well contrived for the husbanding of the
ground, and the annoyance of the enemy.

I have already taken notice of the defects in
the writings of many of those who, amongst the
moderns, have undertaken to form systems of
fortification. But when I speak of these authors
and their copiers, I must at the same time avow
the superior merit of the great Cochoorn, who
was undoubtedly the ablest fortifier that ever the

world knew. This author has published two
‘ treatises on this subject; the first containing a
method of fortifying a Pentagon, to which is
annexed a project for the amending the fortifica-
tions of Coevoerden. In his second, he has pro-
.‘posed three different manners of fortifying—one
applied to a Hexagon, another to a Heptagon,
and a third to an Octagon ; and he has besides
added the manner of fortifying that side of a for-
~ tress which happens to be contiguous to a river.
In this work he has particularly examined all the
possible attacks that can be formed against his
proposed places, thereby to eyince the great su-
_ B3 . periority .
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periority of his defences; so that it is in some
measure a discourse on the attack and defence of
places, as well:as a system of fortification ; and,
upon the whole, is the most excellent perform-
ance that has ever been produced on this subject.
It was writtén in Low-Dutch, (the author’s na-
‘tive language) but has been translated into both
French  and English, but very imperfectly ;
‘though in a néw edition of the French transla-
‘tion, lately printed in Holland, many-of the errors
of the former-are amended, and some par'ticular ’
“passages are cleared up by the notes of the editor,
‘who-seems to have understood his author very well.

. T have been 'told by those who were well ac- |
‘quainted with this great ‘man, that his treatises
“were far from acquiring him either the advantages
or reputation ‘which ‘he might reasonably have
‘hoped from them ;- for that his cotemporary en-

_«gineers, wedded to- their old road, decried him as
an unskilful, self-conceited pretender ;' but that he
at last surmounted these- effects of their-envy and
préjudice, by his defence of fort. William at Na-
mur, when that place was besieged by the French;
after, this, which established ‘his ‘reputation, he
rose 4apac'e ‘to the greatest military commands,

' “and
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and jmmortaﬁzcd'his name by his conduct of the
- siege of Namur, under King William, and after-
wards at Bon, Limburg, the citadel of Liege, &c.
And his death at the beginning of the late war in
Flanders was a very great misfortune to the
allies; of which almost every siege formed by them -
+ after the year 1707 was a mplancholy proof.
~ Besides being entrusted with the direction of
_ sieges, he was employed too in the repairing and
new-modelling many of the Duzck frontiers.—
His last work, which is left unfinished, was
Bergken-Op-qum, which will always dp honour
to his memory. Though he is yet so little out of
-the reach of censure, that I have heard military
men, even in that place, condemn, as imperfec-
" tions, those very circumstances whence it de-
rives its principal défence. )

Considering the great fame which general -
Coehoorn acquired in real serviée, it is difficult to’
account for the little regard which hath been paid -
to his writings. The most hatural reason I can
discover for this negligence, is the proneness
which we have always shewn for the opinions of
aneighbouring nation, who, whatever other good

‘ ' B4 _ qualities
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qualities they may have, were never famous for
-doing justice to the merit of those who were of
 another country, and were engaged in an interest
opposite to their own. However, I presume, his
reputation as an author is at present increasing.
" For I saw, not long since, in one of the most
considerable frontiers belonging to France, a piece -
of fortification carrying on, which was evidently
copied from the printed works of Coehoorn.

Thbugh, with regard to the modern writers on
fortification, I cannot find another to place in the
same article with the great genius last mentioned,
yet there aré two authors on the methods of at-
tackihg and icil'efending places, (a subject nearly
connected. with fortification) who merit the high-

' est applause :—I mean Goulon and the Marechal

de Vauban. The first, in a short treatise, entitled
Memoires sur I Attaque et la Defence des places,
in which he has very distinctly inculcated the
principal maxims necessary in those operations.
‘The other, in a work which he presented in ma-
‘nuscript to the late King of France, of which -
copies getting abroad, it was pﬁblished four years
since in Holland. In this book Mr. Vauban has
very circumstantially described those parts of the
' attack, -

!
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attack, which were more immediately of his own

“invention; such as the Batteries & Recochet,
the Parallels, and a peculiar conduct of the Sap.

" Not but that he has likewise given very ample
instructions on every other necessary head ; and
the whole must be owned to be a.very masterly .-
performance, worthy of the experience and capa-
city of its great author.

It might, perhaps, be expected that I should
here mention with approbation the skill of this
last-mentioned engineer in the art of fortifying.
But as he has never written any thing himself on
this subject, that may excuse me from ranging
him in the list of authors. But to speak the

truth on this head, I cannot but believe, from all
1 have hitherto seen of his works, that he was
much more. to be esteemed for his other talents,
than for the fortifications he has erected. For
though I have a very high opinion of his good
" sense and discernment, I do not conceive that his
‘invention in this art was to be compared with

o

that of his cotemporary Coehoorn.

" Thus much may suffice on the origin and vari-
ations of the present military architecture, We
must
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must next discuss what is more immediately con-
nected with the purport of the ensuing treatise ;
I mean the invention of Powder and Agtillery,
with -their respective improvements, and the dif-
ferent theories they haye given rise to.

The invention of Gunpowder is usually ascribed
‘to'one Bartholdus Schwartz, a German Monk,

- who dlscovered it, as is said, about the year

1820 ; and the first use. of it in. war is commonly
’ supposed: to have been by.the Penetians against
the Gienoese about the year 1380. But both these
suppositions are undqubtedly false ; -for a compo-

sition rese.mbling that which we call Powder is -

- mentioned by Roger Bacon, as well known in his

' time, and be lived near fifty.years before Schwdrtz;

and there are indisputably proofs of the use of
Artillery much earlier than the .year 1380.

Indce&, as the time of the discovery qf salt-

petre is .confessedly uncertain, it is not to be-

-wondered " at, that the invention of Gunpowder

- should be obscure and unknown; for these two -
discoveries are so connected, that it'is difficult to
-conceive how the first.could be long known be-

fore the latter was found out. :
: M : . ‘The
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“The -distinguishing property -of - aa.ttpqtrc lsvthe
prodlglous increase -of "inflammability which “d¢
-~ produces in all burning substances, when mixed

~ with them ; although alonesnd unmixed it will
‘neither flame mnor burn.. For instance, saltpetre
putiinto'a crucible, and placed in the hotgést fire,
will only melt, and grow red bet, but will neither ~
explode nor flame ; yet if any inflammable sub-
 stance (sulphur, suppose, or ceals) bethrown into
- it, a violent blaze will be:insfantly Pproduced, in
which a part of the saltpetre will be consumed-in -
proportion to -the quantity of the /inflammable
- substance which was put:to-it; .and @ Jike explo-
sion will take place if saltpetre be -threwn wpon
anyfite. " Now it cannot be reasonibly.supposed
that this quality.of saltpetre .could -be dong un- .
known after the substance itself was discavered ;

for the accidental dropping of any small part of
it into the:fire, would prove its:prodigious.explo-
sive power when mixed.with burning bodies.—
And . this ‘being ionce . abserved, it was thence a
‘very natural ‘and .obvions :thought to -inveat a
composition of saltpetre mixed with any inflam-
mable substance which wonld:bumn: mpre,vmlently
than any . known before : and.our present-Gun- .
powder

~
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: powder is only the 1mprovement and perfecuon
of such a mixture. - :

' On this supposition, then, if we knew the time
when saltpetre first came in use, we might give
some guess when mixtures resembling our -pre-
sent gunpowdcr were first invented. Now the

'~ most general 0pmlon on this head 1 1s, that salt-

petre was first discovered either by the Arabians
or the later Grreeks, about the middle ages of our.

@ra, when alchymy and chymistry were eagerly -

~ pursued by both nations ; for its 4rabic name is
said to be expressive of its explosive quality ; and |
the Greek fires used in war by the later Greek
Emperors (if the effects attributed to them by
many auathars are true) must ‘have had sa.ltpetrc
in their composmon '
" “Indeed some moderns (misled by a similarity
of name) have supposed saltpetre or nitre to have
‘been known to the ancients. But chymists ate
‘now agreed, I think, that the substance men-
- tioned by sonte ancient.writers, and described by -
Piliny, by the‘éppellation of nitre, is a salt alto-
 gether different from what we call saltpetre.
’ ' Now,
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Now, that the first invention of Gunpowder
(or of compositions resembling it) did long pre-
cede the time of Schwartz or of Bacon, and may

- thence be reasonably supposed nearly coeval with
the knowledge of saltpetre, appears from Bacon*
himself; for it is not a new composition which he
proposes, but the application of an old one to-mi-
hitary purposes. And from his words it plainly.
appears that a mixture of saltpetre- with other
substances was then vulgarly used for the making
of recreative fire-works. And this appears yet
plainér from the treatise of Marcus Grecus, en-
titled Liber zgnium.T ; for this author describes
. o two
* Bacon tells us, that sound like thunder, and lightnings
greater than those produced by nature, might be made by art;
and this many ways, by which a city or an army might be de-
stroyed ; and he supposes it to be by an artifice of this kind
that Gideon defeated the Midianites; and having in another
treatise mentioned almost the same thing in different words, he
adds, Et experimentum hujus rei capimus ex hos ludicro puerili
quod fit in multis mundi partibus. scil. ut instrumento fucto ad
quantitatem pollicis humani ex violentia dlius salisy qui Savn
PeTRE vocatur, tam horribilis sonus nascitur in rupturd tam
- modice ret, scil. modici pergameni, quod fortis tonitrui excedere
rugitum, & corruscationem maximam sui luminis jubar excedit.
Vid. Doctor Jebb’s Preface to his edition of Bawwn’s. Opus
. Majus. . . ' .
+ This is a manuscript in the possessioh of Dr. Mead; but
what is here mentioned is quoted by the editor of Bacon's
Opus Majus in the preface.
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twe kinds of ﬁre-w’orl;s, one for flying; and the

" "other for making a report. The case or Car-
" towche (Tunica) for the first he directs to' be
made long and slender, and the composition m';

‘ ‘be very close rammed ; the case for the second he
orders to be thick and short, to be strongly tied
at both ends, and to be but half-filled; and the
composition he prescribes for both is two pound
~ of charcoal, one pound of sulphur, and six pound
of saltpetre, well powdered and mixed together .

- in a stone mortar: and this will be allowed to be
a stronger composition than what great quantities
of Powder are every day made with. Now
tho'ugh the age of this writer is not well ascer-
tained, yet it must have preceded the use of ar-
tillery ; for he does not in any place (as' 1 can
learn) mention these compositions as used in war ;

~ and as he pretends not to be the inventor of these
serpents or crackers, (for such we should now call
them) nor speaks of them as recent, we may rea-
sonably presume they were in use long before his
time. - ‘

The first application of this mixture to m‘{litary

affairs seems’ to have been soon after theyear
1300." Bacon’s proposal (which was about the

year
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year 1280) to make use of its enormous explosion
for the destruction of armies, might give the first
hint, which' othérs might afterwards pursue.—
Schwartz; instead of being the first inventor of
Gutipowder, might possibly be on€ of the first
who thius applied it; and, indéed, the common
dccounit of the mantier, in which he eame at his
invention, very much favours this opinion* : and
" perhaps ‘the different improvements soon added
~ by others, or the prosecution of Bacon's thought
in different places, may have given rise to the dif-
" ferent dates assigned by historians for the first
use of artillery. '

Guhpowdér,

* The usual manner in which it is told is, that Schwartz
baving pounded the materials of Gunpowder in a mortar,
" which he afterwards covered with a stone, a spark of fire acci-
dentall'y'ﬂew into the mortar, and the explosion blew “the
~ stone which covered the mortar to a considerable distance.—
Now we have proved that Schwartz, who was a chymist, could
not distover the composition. by this means, beeause it was
commonly known before; but he might from hence be taught
the simplést method of applying it in war: for Bacon seems
rather to have conceived the manner of using it to be by the
actual effort of the flame against the bodies it might meet with .
in its exgansmn. The figure and name of mortars given to a
species of the old artilléry; and their employment, (wlnch was
throwing great stone bullets at an elevation) very much corro-
borate this conjecture.

'
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- Gunpowder, for some time after the invention
of artillery, was of a composition much weaker*
than what we now use, or than that ancient one
mentioned by Marcus Grecus ; but this, I pre-
sume, was owing to the weakness of their first
pieces, rather than to the ignorance of a better
mixture ; for the first pieces of artillery were of a.’
very clumsy, inconvenient make, 'being - usually
framed of several pieces of iron fitted together
lengthways, and then. hooped with iron rings;
and as they wereé first employed ini throwing stone
bullets of a prodigious weight, in imitation of the-
ancient machines to which they succeeded, they
- were of an enormous bore.  But the difficulties of
conducting and managing these cumbrous pieces,
and the discovering that ‘iron bullets of much
" less weight than stone ones would be more effica-
cious, if impelled by greater quantities of stronger
powder, soon occasioned an alteration in the mat-
ter and fabric of these first pieces, and gave risc -
_to what we style brass tannon, which, though
' ' - lighter

* Vide Tartalea.in his Quesiti & Inventioné, Lib. 3. Quesito
5. where there are set down twenty-three different.composi-
tions made use of at different times ; the first of which, being
the most ancient,. contains equal parts of nitre, sulphur, and
charcoal. '

i
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lighter' and more manageable, were yet much
stronger in proportion to their bote ; by which
means they would endure great charges of a bet-
ter powder than what had first been used ; and
their iron bullets, (which were from forty to sixty
pound weight) being' impelled with greater velo-
" cities, were more effectual than the- weightiestw

stones could ever prove®.
By
* The time when this change took place, and the advanta es
arising from it, are mentioned by Guicciardin, who, speaking
of the French army intended for the invasion of Ita(y, ln the
year 1494, says, .
— Et per unirsé con questo asercito erano gtale condolte
per mare a Genoua quantitd grande dartiglieric da battere le
muraglie, & da usare in campugna, ma di tal sorte, che giammai
non haveva veduta Ttalia le simiglianti. Questa peste trovala.
mole’ anni tnnanzi in Germania, fu condotta la prima volla in
Italia dw’ Venetiani nella-guerra, che circa Uanno della salule .
1380, hebbono i Genouesi con loro, ——— Il nome delle
maggiori era bombarde, le quali, sparsa dopo questa inventione
per tutta Italiay s'adoperavanc nell’ oppugnationi delle terre,
alcung di ferrd, alcune di bronzo, ma grossissime, in modo che .
per la macchina grande, & per limperitia de gh huomini, &
mala attitudine de gl instrumenti tardissimamente & con gran-
dissima_difficultd si conducevano, piantavansi alle terre co’ mé-
desimi impedimenti, & piantate era dall’ wn colpo all’ altro tanfo
intervallo, che con piccolissimo frutto, & comparatione di quello,
che segagi{& dopo, molto tempo consumavano, donde i defensarz
de’ uoghi oppugnati hapei'qno _'spatip dl potef_e otiosamente fure
‘ g

.o
8

. . :
c .. Tomoq v o

..
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By this means, powder compounded in the
* same manner which is now practised by ail Eu-
rope, came in use*. But the change of the pro-
portion

.

& dentro ripari & fortificationi Ma i Francesi fabri-
cando pexzi Mopmeapedttz,néd’altrochedibrom,iquali
chiamavoio - Cannoni, & usando palle di ferro, dove prima di
pietra, & senza comparatione piu grosse & di peso gravissimo
Susavano, li conducevano in sulle carette, tirate (non da buoi,
tome in Italia si costumava) ma da cavalli con agalitd tale d'uo-
mini, & d'instruments depulali a questo servigio, che quasi sem-
pre al paride gl eserciti caminavano, & condotte alle muraglic
erano péanjate con prestezza incredibile, et interponendosi dall®
un colpo ofl’ altro piccolissimo intervallo di tempo, si spesso, &
con impeto st gagliardo percuotevano, che quello che prima in
Ita.liafarc in molt; giorns st soleva, du loro in pochissime hore st
Jaceva. Vid. Guicciardin’s History, L. 1. p. 24. 4to. Venet.
1562. What this author observes of the prodigious size of the
stone bullets used whilst the old pieces were in fashion, will be
better understood by knowing, that when Mahomet the second

" besieged Constantinople, in the year 1453, he battered the
walls with stone bullets, and his pieces were some of them of -
the calibre of 1200 pounds; but then they could not be fired
‘more than four times a day.

* We learn from Tartalea, that the cannon powder in his
time (polvere grossa moderna) was made of four parts salt-
‘petre, one part sulphur, and one part charcoal ; and the mus-
quet powder of forty-eight parts saltpeh-e, seven parts sul-
phur, and eight parts charcoal ; or of eighteen parts saltpetre,
two parts sulphur, ‘and three parts charcoal. These composi-
tions for musquet powder are very near the present standard ;
the first having in one hundred pounds of powder about one
pound of saltpetre more than i is at present allowed, and the se-
cond three pounds more. .
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portion of the materials composing it, was not the
only improvement it received. The invention, of
graining it is doubtless a considerable advantage
_to it; for powdel: at first was always in the form
of fing meal, such as it was. reduced, 1o, by-grind- -
ing the materials too'ether And it is doubtful
whether the first, graiping of powder was intended
" to inctease its strength, or only to remnder it more
convenient for the filling into small charges, and
the charging of small arms, to which alone it was
applied for many years, whilst “meal-powder was
still made use of i in cannon.  But at last the ad-
ditional strength which the grained powder was,
found to acquire from the-free passage of the fire -
between the grains, occasioned the meal-powder
to be entixely laid aside*. ‘
. The
* That powder was first used in meal, and that long after
the invention of grammg it for the use of small arms,, cannon-
powder cqntmqed in its old form_, are facts not to be contested.
Tartalea, in his Quasiti, L. 3, Ques. 9 and 10, expressly as-
serts, that then the cannon-powder was in meal, and the mus-
quet-powder grained. And our countryman, Milliam Bourne,
in his ART oF SHoOTING 1N GREAT ORDNAUNCE, published forty ,
years after Tartalea, tells us in chap. 1. that serpentine pow=-
der (which he opposes to corn or grained-powder) should be -
as ﬁne as sand, and as soft as flour : and'in his third chapter
he 63ys tha.t two pounds *of corn-powder wxll go as far as tlires

S pounds
O Q ¢ nMrray -
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‘The formation of artillery hath been very little
“improved in the last two hundred years ; the best
pieces now cast not differing greatly in their pro-
portions from those made in the time of the em-
peror Charles V. Indeed, lighter and shorter
pieces have been often propesed and essayed ; but
‘though they have their advantages, and are ex-
tremely useful in particular circamstances, yet it |
scems now to be agreed that they are altogether
msuﬂicxent for O'enera.l service*. But though the -
proportions

pounds of serpentine-powder. Also-Sir Henry Manwayring,
in his SEAMAN’s DrcT1oNARY, presented to the Duke of Buck-
ingham in the time of Charles I. under the -word powder, tells
us, there are two kinds of powder, the one serpentine-powder,
which powder is dust (as it were) without corning—— The other
is  corn-powder ; thongh he informs us the serpentine-powder
" was not used at sea. Indeed, when that book was wrote, I
liel'ievp, powder was usually corned, for the foreign writers on
artillery had long before recommended its general use.

1.-* Since the time of Mr. Robins, lighter cannons, but of
“wider bares, and consequently heavier shot, have been much
uvsed, especially for the sea service. Indeed Mr. Robins him-
self, some years after the above was written, proposed to the
Admiralty a regulation of “that kind, being the 8th paper in this
‘vol..at p. 279, &c. Those new pieces have been m(roduced
chicfly under the denommatlon of Carronades, a species of ord-
mance very short, but of a large bore, and having | little or.no
lﬂndage 'lhese were, at ﬁrst mtroduced as pleces pOSsessmg
some peculiar and mystenous qualltles, by whuch wnth little
powder, they could throw & very large shot to a great dis-

}ance.
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proportions of artillery have not been much varied
within that period, yet its use and applicatigﬁ
have 'undergone considerable changes, the same
ends being now generally pursued by smaller
pieces than, what: were formerly thouvht neces-
-gary. - Thus thebattenng-pleces, now universally
approved of, are the -demi-cannons, carrying a
“ball of twenty-four pound weight ; it being found,
by experience, that their stroke, though less vio-
lent than that of larger pieces, is yet sufﬁciéntly
adapted to the strength of the usual profiles of
fprtification, and that the facility of their carriage '
~and management, and the ammumtlon they spare,
_give them great advantages beyond the whole
-cannans formerly employed in, making breaches.

. *The method ‘too * (iow generally followed) of

forming a breach, by first: cutting off the whole
wall as low as possnble, before 1ts upper part is
attempted

Y o

tance.. The fact is, the small degree of wmdage confines the
whole effect of the powder to the ball itself, ‘which is in a great
- measare lost in the old guns; and the greut. weight of the shot
- enablgs -it much better to overcome the resistance of the air,
“and_consequently to Fange tlie farther. -And the hint of these
advantages and constructions was probably taken from experi-
-ments made by myself in the year 1775, with Mr. Robins’s
‘ballistic pendulum, and which were published in the Philoso-
» phical Transactions of the year 1778.  H.

Cs
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attempted 'to be beat down, seemns also ¥ b
onsidetable modern improvement in the practi-
“cal part of drtillery : for I do not remember to
‘have seen this procedure recommended by any
“anciént author; and -Guabriel: Busca™; ‘who
“boasts much of His great -experience, xpressly
“divects the contrary.  Indeed Collado mentions it
~as“the mcﬁ‘ce%f the Turkst; bat it is without
com‘mendmc It or plopﬁsmo' it as an exammple to
be fo’ltowed -

r,' . .-

’But t}re most 11np0rtant improvement fn ‘the
- B practical

* Vid. His InEtﬁttz‘dne d& Bombardieri, printed at Cariag- -

notu tn 1884, cap. xxxvii.'in which place he orders the bréiich:

‘t¢o be.begum. it ithe: ipper part of the wall, and from thence. to
. be_continued downwards

4

- % Wid.. Pratica Manvisle di Artiglm'oa dal. Mag. Signor
: Luigi. Collado Hispano, Bettico, Nebrisense, printed at Fenice
in the year 1586, cap. xx. where he says nelle fattioni del
= ooy Teocce e sempre of aboperano § pe.m'-—.-—dh: taghiare -

:$e muruglie per. di sotéo’ diesse transvérsalmante, et dipoi d; alto

"¥n basso -a’perponidicolo, & applicandodi ypoi tutt & um tratto i
Bastlivche, con che fanno cascar giv quella purte di muraglis che

“¢re gid tagliutu. ‘This-boek here quoted was composed and
piblisired in Halsan, skhough the author was a Spandord. But
he served us an engluicer in the Spanish army in Ttaly. Ahd he
telis us in his preface, that he soon intcaded to re-publish it in
Spanish; which last edition is, I presume, what is qimwl by
Blondel, in his dr¢ de jetter les Bombes.

/
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practical management of artillery (for of the sci-
entific part we shall treat by itself) is the method
of firing with small -quantities : of powder, and
elevating the piece so that the. bullet,. in its de-
scent, may just go clear of the parapet of the |
enemy, and drop into their works. By this'means,
the bullet coming to the ground in & smxall angle,
and with a small velocity, it either bounds: or
rolls along inthe direction it'was fired in; and,
therefore;if the piece be placed in a line with the
battery it is intended to silence, or the front it is
to sweep, each shot rakes.the whole length Vof
that battery or front, and has thereby.infinitely
more chance of disabling the defendants, and dis-
mounting' t’heir‘cannon, than it would have, if it
was fired against the same.works in the common
manner. Thié disposition of artillery, which is
indeed a-most useful one, is the invention :of the
Marechal de Vauban, and is by him styled Bat-
terie & ricocher*, and was figst put in practice at
“the siege of Aeth, in the yearf 1692 =

. P S After
#* Vid. his book 'De Z’Attaque et la Defénce des plaoes

+ Vid. the Journal of this siege, prmted at the end of tho
last edition: of Goxlor’s Memotrs.

Ca
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After :this brief recital of what has been done
in the mechanic part of Gunnery, we must next
- mention thedifferenttheories which have been from
time to time advanced in relation to.the motions _
of ishells-and -bullets ; in which enquiry. we. shall
nat, indeed, find maﬁy things  worthy. of ,appfo-
bation;, or even of attention ; but, however, as it
is aitheme in’ some measure connected with the
“subject;of the following treatise, we must beg the
reader’s.indulgemce. 1. .,
Lot ‘;v'. "H’ o, ',‘lf‘}!’" e HE v
The:first' author.'1 have seen, who has pro=
fessedly. written.on the flight of cannon-shot, is
Tarsalea;1a: celebrated Italian mathematician,
famous fat having invented. thezmethod of solving
cubic: f:qu:itions, which. is usually *ascribed to
- Cardan.. .This author, in his: Nowa Scientis;
pdinted at: enice in ithe. year 1557, and ' after-
wards: «in his Quesiti et Inventioni diversi,
printed.at, the same.p)aee in 1546, has professedly
discussed several particulars relating to the theory .
of these motions. And though the then imper-
fect state of mechanics furnished him with very
fqllqci-g%sJ*‘Brgnciplegf to proceed on, yet he was not
altogether unsuccesstul in his enquiries ; for he is

supposed to be the first 'who asserted that the
' © greatest
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greatest: range of pirojectiles was at an elevation
~ of 45°. - He likewise determined. (contraty to the -
opinion of liractitioners) that no part of the track
described by a bullet was a riglit line, although
the. curvature was in some cases so little, as not to
be attended to, he.comparing it to the surface of
the sea, which, though it: appears to be a.plin,
when partially considered, is yet undéubtedly in-
curvated round the centre.of the earth. Healso
'assu-mes to himself. the invention of the gunner's
" quadrant, and.has’often given shrewd guesses at
the event of some unttied methods’ which- were
" proposed to him: iiBut ashe had néver been con-
versant - in «the practice of artillery, but founded
his ‘opinions: on speculation anly, almost a_i'l the
writers who suceeeded him wére perpetually caip-
'ing"ht~1.&xini' though often without naming him';
of .whibh many.exdmples might be given froin the
‘works of. Busca Collado*, Ufano Szmzmomcz,‘
SR T Co &,
* Collado; czp ‘Ixiii. demies that Tar tdea ‘was thef inventom of
the gunner’s, quadrant, and. quates Daniel; Santbech, or. Regto-
montanus (for he confounds them) as having known it many
years beﬁ)re But the truth is, that Santbeck’s book, from
whence Jhis quotation is taken ( Problematum Astronomicorum
& Geometrzcarum sectzones septem) was not printed till the year
1561, which was- long after Tartalea. Nor did Santbech

though he talks of the dxﬂ'erent elevations of artnllery, “know
the method of framing a quadrant proper for his purpose.
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&c. And. the phllOSOphel‘s of thase times.often
mmrvemng in the questions hence arising, there
were hereby many disputes on motion set on foot,
(especially in Fialy) which continued till the
time of Ghlilco, and perhaps gave rise to his ce-
lebrated dialogues’ on motion, which were first
printed: in' the year 1638, And. in. this interval,
or before the doctrine of Gdlileo was established,
many theoties. of. the mations of military projec-
tiles, and many: tables of their comparative ranges
at different elevatioas, were published ; all of them
egregiously fallacious, and utterly irreconcileable
with the motions of those bodies; although some
of them were the labours of such who had spent
the greatest part :of their lives in employments
refating to the artillery. Such were the tables of
Ufano, of Galeus, of Ultick, &, takennotice of
by Blondeil* : t0 ‘which might be added many
* more not mentioned by that author. Indeed
‘there have been very few ancient writers on this
subject (and they are a numerous-sect) who have
“not” itidulged themselves in some speculations oh

S - the
" #'Note, the oph'ﬁon discussed by Blondel, in ‘his Art de jet-
ter les Bombes, cap. v. is not originally of Rivaltius, whom

Blondel ‘quotes for it, but of the last-mentioned Sanrbech,
from whom Rwaltzu: stole it Vld Santbech, sect 6. ’
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the\‘l?ﬂk:@hce Betwixt natural violent, and mixt
thotions; although in the application of these
‘mistaken notions scarde any two of them agteed.
: S e e
" But-What i$ most strange, is, that, during these
‘contests, so few of those who were entrusted with
the chatyge of artillery should think it worth while
to examine' their respective theoties by proper ex-
peﬁﬁ\ehtsL' However, thus it has _h’ap'pelied ; for
I do not remember to have met with more than
four authors whe have actually tried the ranges
of shot and shells at different elevations. - The
first of these is Collado, who has given us the
Tanges of a falconet carrying a three pound shot
to each- point of the gunner's quadrant: but,
from his' nambers, it is..manifest that the Plece
‘was' not charged with its customary allotment of
powder" ' The nexti 1s our countryman, Bourne
L . 4 ' . . - ln
# The result of his trials was, that the:point blank shot ex-
tended 268 paces. - At an elevation of ome point (which is the
~“twelfth part of the'quadrant, or'74%) the range ‘was 584 paces ;
*-at-an‘elevation ‘of two points, ‘the range was 794 paces; at
- three points, D54 paces; at four points, 1010 paces ; at five
" points, 1040 paces ; and at six points, 1053 paces. . The range
at the seventh point fell between those of the third and fourth ;
at the eighth point it fell betwesn the ranges of tie _aecdnd and
third ; at the néuth poiat it fell between the ranges of the first,
' . and
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in ‘a treatise printéd the next year after Collade.
His elevations were not regulated by the points
of the gunner’s quadrant,-but by degrees ; and he
ascertains the proportion between the ranges at
-different. c’lgv&tions; .and the-extent of the point

- blank shot* . But he has not informed us with_ 7
what piece he made his trials; though, by his
proportions, I presume it must haxe: been-a small
t_ine.- - It were to be.wished that he had. set down
this eircumstance ;- -for we. shall hereafter.. shg“i,

that .the relation between the extent of different
ranges will vary extremely, according to the velo-
city and density of-the bullet. -The other two
which have occurred to. me are Eldred:and 4u-
derson, both Englishmen ; the last-of ; these hav-
ing v1t1ated his expenments by his too great at-

» S "~ . tachment

and second ; at the tenth. pomt it fell between the point hlank

distance and that of the first point ; and at the cleventh point

it fell very near the piece.. Fid. Cap. lxi. And naete, that the
- paces‘uséd by this author:are not geumctncal paces, but eom-
- mon steps; as-he informs us Cap.xhiic - - . ]

. % If 1 represents the_extent. of the point hlank sbot, then,
according ‘to" this author, the range at 5° will be ‘Zg, at 10° it
will be 3%, at 15° it will-be 4%, at 20° it will be 4%, and.the
greatest random will be.5%; which greatest random, he tells
us, in a calm day is at 42°; but according ta the strength of the
‘wind, and as it favours or opposes the flight of the shot, it may
be from 45° to 36°, Vid. His aet of shootmg‘ in great ord- -
naunce, Cap. vii.  H.
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tachment to an erroneous theory, T shall have
occasion to mention him hereafter. But Eldred*
'deserves a better character : his principles were.
sufficiently simple, and though mnot rigorously
true, they were, within certain limits, near the
‘truth. He has given us the actual ranges of dif-
ferent pieces of artillery, at small elevations, all
ynder ten degrees. His experiments are nume-
rous, and appear to be made with great care and
caution; and he has honestly set down ‘some
which were not reconcileable to his method ; and,
upon ‘the whole, seems to have taken more pains,
and to have had a juster knowledge of his busi- .
ness, than is to be found in many of his praetical
brethren ; for they have been generally too much
~attached to some incorrect theory, or to the
common usage which they have always followed,
to think of extending their art by proper experi-
ments, or, indéed, to conceive that it was not al-
;»'eady complete; it would otherwise have been™ -
impossible that positions so little to be reconciled
with experience should have held their. ground
' . | S0
* * His book' is entitled THE Guﬁuﬁn"s GLASSE, and -the
experiments’ he relates were most of them made at Dozer-Cas-
Usy. of which place he was many years master-gunner. The

earliest date I find to any of his experiments is'1611, but his
" book was not published till 1646.
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so long as they have done; 3 remarkable instance
of which is the doctrine which has taken place
in this snbject, since the time of Galileo.

Galileo printed his dialogues on motion in the
year 1638, as we have already observed ; and in
these he has poiﬁted out the gemeral laws ob-
" served. by nature in the production and com,pw,
tion of motipn, and was the first who descnbcd
the action and effeots of gravity on falling boa
dies ; and o these principles he deterrined, that
the flight of a cannon-shat, or of any other pro-
jectile, would be in the curve of a p,ara,bola,l un-
less so far as it were diverted from that track by
the resistance_of the air: and what inequalities
would thence arise, he has proposed the means of
examining ; for he has deseribed a method of
~ discovering what sensible effects that resistance
would preduce in the motion of a bullet at some
gwen distance from the plece

When Galileo had thus shewn, that, indepen-
dent of the resistance of the air, all projectiles
__Wwould in their flighy describe the curve of a para-
bola, it might have been expected, that-those
who came after him would have tried how far‘ the

veal
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real motions of projectiles deviated from a para-
bolic track, in order thence to have decided whe-
“ther the resistance of the air was or was not ne-
cessary to be attended to in the determinations of
gunnery. But, instead of this cantious prece~
dure, the subsequent writers on gunnery have
boldly asserted (without an experimental exami-
" nation) that no considerable variation could arise
from the resistance of the air, in the flight of
shells or cannon-shot; supporting themselves in
this persuasion chiefly by the consideration of the
extreme rarity of the air, compared with the dense °
' and, ponderous composition of those projected
bodies. And hence (this maxim of the inconsi-
~ derable effects of the air’s resistance to the mo-
tion of shells\and bullets, being contmually re-
peated and copied by succeeding authors,)._ it is
now become an axiom almost generally acqui-
esced in, that the flight of these bodies is neariy
in the curve of a parabola. :

For in the year 1674, our countryman, 4nder-
son, published his treatise of the genuine use and
effects of the gun, in which he proceeds on the
principles of Gglileo, and strenuously asserts the
flight of all bullets to be in the curve of a para-

e ’ bola;
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bola ; undertaking to answer all objections that

could be urged to the contrary. And i in the year
1683, Monsieur Blondel published at Paris

L Art de jetter les Bombes, where the doctrine

of Galileo is likewise applied to the motion of
shells and bullets of all kinds ; and the variations -

- of this dootﬁnc, which can arise from the resist-

. ance of the air, are particularly mentioned; and,

after a long discussion, the author concludes,.that
they will be so_very minute, -as scarcely to affect
- the accuracy ‘of his conclusions*.. Also the same
subject is treated of in our Philosophical Trans-
actions{, by Dr. Halley, who, swayed by the
consideration of the very great disproportion be-
.tween the density of bullets and of the air, thinks
it,reasonable to believe that the opposition of the
‘air to large metal shot is scarcely discerniblé ;
although in small and light shot he acknowledges
that it-ought and must be accounted for.

In consequence, then, of these opinions about
the inconsiderable effects of the air’s resistance on’
heavy shot, and the demonstrations of Galileo,
' * that

* Vid, page 345 of the first quarto edmo.n, at the bottom H

also page 355, and following.
-+ Vid. No. 216. p. 68.
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that all. prq;éctdes moved in the curve of a para-
bola, if they -wetre not disturbed by that resist-
ange; it:is' now: an opinion generally advanced
by the iwriters on. the theory of .Gunpery, that
the flight; of shot and shells is nearly in the curve
of a.parabola ;- for the .truth of which, we may
-appeal 1o the: professed- authors-.gn.this spbject,
_ who:have wrote within the last forty, years.

" . But theugh' this_hypdthesis .wen1;~sxgpothly on
with ;thospuwhoxcgn,tehted themselves with spe-
¢ulation only, yet Anderson, who made a great
number . of . trials, found. it impossible,4a support
it without some new. modification.. For though
it does noti,apppar-;that -he ever, examined thg
comparative ranges; of either cannan ar musquet-
shot,” when fired with; their usual velocities ; yet,
his experiments on_ the: ranges of shells throwr
with small velocities:(in respect of those: last mens
tioned) ‘convineed him that their whole track was
not parabalicil,l as appears by his treatise, intie
tuled, T kit a mark, published in the year 1690.
But-instead of making the proper inferences from
hence, and. discovering the resistance of the air
to be of considerable efficacy, he, ‘from his great
attachment to his first opinions, -framed a ;new.

D hypothes1s,
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hypothess, which was, that the-shell orbuliet, at
its fitst discharge, flew a certain ‘distdhee in a
visht line, from the end of which line dnly iv-be-
in to bend ‘into & pakabola;: And this: right
fitie, which he calls the line of the fmpulse oF the
fite, he sapposes to be the. same in; albelovations,
By this hypothesis (though an indefensiblé one)
it was-dlways-in his potver, by ussigning a-proper
mag‘nifude to this line of impulse, to reconcile any
" ¢wo shot’li&idfe at“dii?em‘nt 'a,tiglés however ‘op'po-
But ‘even- thns ‘new-modélled theory iwas.notj. ¥
believe; esnfirmed by his following. experimbnts |
for he hds no where ventured to “give us ekperi-
inents of three ranges made at thyep differeht eles
vations - with the same quantity of powder: as
finding, T presume, that though by this schome
e could reconcile two jarring ranges, theinegu-
Tarities. Ofatree were. insupmoutable. .~ And if
such.inequalities were produced by the-resistance
of the aif in the.motion of :a shell . xsmpoll:d; from
z'mortar by an inconsiderable - quamtity -of poiv-
“der, whut iy not the action of theiair;bersup-
posed to effect in the motions of ‘buildts,: wiich,
" Being itipelted by a full charge of powder throdgh
& ‘much lonigdr cyhnder, miove fpeﬂlape three or

N . four
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four times as fast, and consequently undergo neay
- 6ty times the’ resistance, as will be niore particus
larly evinced hereafter.. .. - .. .

That the resistance of the air, which acts with
such prodigious poiver on all swift bodies, shauld -

. be entirely unattended, to by the prictitioners-in

Gunnery, is not the only remarkable circumstance
which- occurs in this enquiry ; -for after the pubs
lication of Sir Jsaac. Newtor's Phitosophie Nas
turalis Principia Mathematica, it might have
been expected that all mathematicians should"
have been convinced-of its energy; since in that
immortal Work the'law and’quantity of this re:
sistance to slow motions is determined, and congy
firmed by many experiments. Indeed the same
,hw, when extended to swxft motrons, will ‘be de-
fective, and will exhibit thc " resistance great,ly '
“short of what it really comes out by expemment,‘
- (of which Sir Tsaac Newton himself has given us
warning®;) yet, even npon his principles, it would
appear that the action of the air on bullets is by
far too considerable to be neglected. But, not-
withstanding this obvious proof of the necessity
* Vid. Phi, Nat. Prin. Math. p. 351.1.37.

De
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of consxdcnng the action- of the air-.on. mnhtar,y
projectiles, I can recollect but-one instance'where
any computations founded ox:Str Jsaac: Newton's
doctrme, have been applied to these motions*.

T e
P o I sl - it Yy e ISR SN «
see e ssieca. R ,-..~A

5{To sum up.now  at.once, all. we here intend to .
observe on this head, it apipsars that- the-modern
writers .on:ithe cart.iof “Gunnery. have- heen very
miuch deceived; in supposing the resistance of the
air-to be mconsxdelablc and.- thence assertmg,

1% Vid, Comim. Acad. Petrop. Tomi.2! p. 388..339. -

.+ Besjdes the observatiops af Sir I. Newton, above noticed, on
¢ the resistance of the air to projectiles, and the path they ¢ descnbe
through it, other phllosophers llkevnse, and’ after hlm, have
made some remarks on the same subject‘. Hlygens hasshown, ,
movmg body, the path destnbed would be a kind of logé.i'iliﬁ;
mic curve ; but that law of the velocnty has no place in nature ;
the true law being as the square of the wvelocity in slow to-
tions;-and in.a much higher degree in swift ones. '-The pro-
blem was proposed in 1718, by Dr. Kell, to Mr, J ohn Ber-
noulh, who gave a kind of solution to it: another was also~

~ given i Herman’s Phoronomla, and. a ‘third by Dr.:Brook _ -

" Taylor:; but these solutions were not adapted to practical
uses, and their anthors did not suspect, the resistance of the air
was any thing like so great as it really is. ‘But M. Dan. Ber-:
noulli has shown, in the Petersburgh’ Commentaries; vol. 2,
that the resistance of the air hasa vei-y great effect on swift
motions, such as those of cannon balls; and particularly con-
cludes, from experiment, that a ball which ascends ouly 7819
fect in the air, would have ascended 58750 feet in vacuo. H.



THE AUTHOR'S PREFACE: 53

that"the~track of :shot .and shells of~all kinds.is
nearly in the cufve of a parabola; that by this
means it has happened, that all their determina-
tions about. the Hight of shot discharged with
considerable degrees of celerity are.extremely er-
roneous, and consequently that thé present theory
of Gunnery, in'tllis.ité most important branch, is
useless and fallacious. - |

. Now, to obviate in some degree these imper-

fections in. this art, we have undertaken, in the
second chapter of the ensuing freatise,. not only
to confirm ‘what we have here asserted, relating
to the falsity. of ‘the parabolic motion of these

‘projectiles, but likewise ‘to ascertain the actual
degree of resistince which every shot undergoes -
according to the velocity with which it moves ;
whence, as the velocity with which the bullet
issues from the piece is. easily kriown by the prin-
ciples delivered in the first chapter, the delinea-
‘tion'.of the ‘track passed through by the bullet;
herehy becemes a geometrical. problem, which,
indeed, in its utmost €xtent, . is of a very complis
caite -and. operose. kit ; ; but: in:thie! imstances
which are most frequént in practicey it admits of
fome very easy approxnmatlons, which enable us
D3 . , readlly
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readily to compare the -actual . rangés of bullets
with th; reSult of this thewy

* And though such as examine the followmg
treatise with attention, will not, I believe, enter-
tain many doubts of the certainty of the determi-
nations therein. contained, yet it might have been
~expected, perhaps, that the accuracy of those -
principles should have been still more irrefragably -
established by experiments on the real rangei; of
pieceé, compared with computations founded onl
this theory: and, indeed, I did once intend to
have added a chapter with this view; but two
reasons have divertéd me from this design. The
first was, the difficulty I found in ascertaining
the extended ranges; a difficulty which none

but those who'shall attempt experiments"of the
 sathe kind can be Jjudges of. The second reason
was ‘an’ irrdgularity which. intervened in these
raqg'eb,lémd which rendered all my eiideavours
fruitless; for’ the same piece, ‘at the samé eleva~
tibn, wauld convey the bullet to. very. distant
places, :s0 that no two trials agreed with: each
ather ;-as I have more particilarly recited. in- the
‘,‘Ith proposxtnon oftheﬂdchapw., SERNNRT
R

LR Y Yo roaviy
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-But, nqtmthsw.ndmg these difficulties; which
have hindered me from inserting in the follownng
treatise such experiments on the ranges of shot as
might coirohorate the theory of resistance there
delivered, I have yet resolved to,pursue this sub-
Ject; and [ flatter myself that I have invepted
~a method of praventing -the last;mentioged ine~
quality from taking pldce, which ynless it can be
done, it is- sufficiently obvious how fruitless all
experiments of this kind must proye. The result,
~ of my future trials on this head I intend for a se-
cond part, to this treatise ; in which, besides these
experiinents. on the track described by the flight,
of bullets, and the necessary geometrical determi,
nations with whigh they must be gomparéd, I
propose to insert many other experiments, which,
‘though of a miscellaneous nature, are yet all of
them connected in some degree with the theory
orpractice of Gunnery. I-shall also annex 4o this
second part many maxims and practical precepts
which will arise from the preceding pringiples,
and will, I hope, ‘be of s0me consequence in the
~ future management of attillery. A considerable -
part of this second weark I have almadyby.mg.
- aslikepise an apparatus purpesely: intended for |
mmpieﬂng it.. Butthoese experiments, whichare.
\ : D4 : yet
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yet wanting, will require great leisure and a pro-
per season to execute. '

As the following sheets, besides the determina-
tion of ‘the quantity of the air's resistance, -do
ﬁk‘ewise ‘contain the theory of the force and ac-
 tion of powder, it may ‘perhaps be expected that
I should give some account of what preceding
autliors have advanced on this subject. But all
I have ever met with on this head hath been so
vague and indistinet, that it'is often difficult to
determine the true meaning of the writer: ‘The
most intelligible hypothesis on. this head, and
whaf seems; indeed, to have-been the original of
all the others, is that of Monsieur de:ld Hire.
 In the history~of- the French Academy of soi-
ences for the year 1702, Monsieur de la Hire has
supposed that the force of powder may be owing
" to the increased elasticity of - the-air contained in
and. between the grains, invconsei‘luen(':e of the
heat and fire produced at - the time of the explo-
sien.- Now, 'if this aif, to . whose: augmented
spting the violence-of gunpowder is imputed, -be
in'its natural state atithe time when the powdes
is ﬁned (and sutely what is in the intervals of the

T ~ graing
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‘ gtains' must be allowed to be sb) the greatest ad-
dition its elasticity. could acquire fromthe flame

of the explosion .would not amount,to five. times

its usual quantity, - as :we shall more particularly

evince hereatter* ; that is, it' would not-suffice

for the two hundredth part: of ‘the ‘effort ‘which

we have found to be exerted by fired powder. . -

L8 I R !

However; 'this hy,othesis hath given: rise. to
many:dissertations- and - treatises in a neighbour-
‘ing nationt; -and one author in particular con-
ceives he has made a very reasonable postulate,
in supposing the elasticity of the air, when heated
by the explosion of the powder, to be only a
| . hundred
* Vid. Prop. V. Cap. 1. of the following treatise. '
+ M. John Bernoulli proved that the air in gunpowder is
- not in its natural, but in a very compressed state ; and particu-
larly that such air is at least 100 times denser than natural air :
far short of the truth. And M. Papin, in the Philos. Trans.
has shown, by experiment, that saltpetre contains a véry elas.
tic matter, in which the strength of the powder consists ; and
that in 6 grains of powder there is at least one grain of pure
air, in a very compressed state ; which is also far short of the
truth, On the other hand, M. Dan. Bernoulli, in his Hydro-_
dynamy, treats pretty fully on the force of gunpowder, in the
10th section ; and.in particular asserts, that the elastic force of
the air contained in the powder, is more than ten thousand

times greater than that of natural air; which is about six or
* seven times more than the truth,  H,
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44 hundred times greater than when it is heated to
the degree of boiling water. But, as I think 1
have shewn the nnpossxbthty of .accounting for
the actual force of power on these principles, 1
will niot detain the reader any longer with a pars
ticular recital of the speculations of these different
writers ; especially as I flatter myself that I have
established that theory of the force of powder
which is contained in the following sheets, by
such decisive experlments, as will render a formal
confutation of any other opinion unnecessary.
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GUNNERY

‘CHAP I
o Of the Force of Gunpowdér.

- PROPOSITION L. |
Gunpowder, fired either in @ Vacuum orin dir,

produces by its Explosion a permanent elastic
. Fluid, o pn

_IF a red-hot iron be included in 3 receiver, and
the receiver be exhausted, and gunpowder be then
let fall on the iron, the powder will take fire, and
the mercurial gage will suddenly descend upon the
explosion ; and though it immediately ascendsagain,
et it will never rise to the height it first stood at,

put will continue depressed by a space propor- .
tioned to the quantity of gunpowder which was
let fall on the iron. This is a well-known expéri-
ment, and is circumstantially described by Mr,
Hauksbee, in the Philosophical Transactions, No,
295 ; in which place he tells -us, that be by this
means (firing small ‘quantities at a-time) reduced
the gage from 29; inches to 124, Now this ex-
periment, which ‘has been often repeated, proves
the praposition with respect to the production of
2 permanent elastic fluid in a vackum ; for the de-.
scent of the gagé could only be effected by the
pressine ‘of some new gengrated fluid in the re-
N CL , : v - SEIVET,
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ceiver, balancmﬂ in part the pressure of the exter-
nal air. That this fluid, or some pait .of it at
least, was pcrmanent appears from what Mr.
Hauksbee relites in ‘the same lace ; that though
the quicksilver ascended after the operation, yet it
next day had ascended. no higher than.to 224, at
which place it seemed to continue fixed. Amd that
this fluid is €lastic, is proved from the descent of the

+ mercurial gage ; since the quantity of matter con-

tained in this ﬂmd could not by its gravity alone
have sunk the qulcksdver by the least sensible quan-

_ tity; alsq from its extending itself through any

space, however great ; the experiment succeeding

" in either a large or small=receiver; only the larger

the receiver, the less will be the descent of the -
mercurial gage to the same quantlty of powderJ
the pressure:of - the generated ﬁuld\dnmmshmg as
its density dlmlmshcs
The same production likewise takes place when
§unpowder is fired in the air*; for if a small quan~
1

tity of powder be placed in the upjper part-of a

glass tube, and the lower part of the tube be im-
merged in-water, and the water be made o 1ise 50
near the top, that only a small portion of air is left
in that part where the gunpowder is placed ; if in

* this situation the communication-of the upper part

of the tube with the external air be closed,-and the
gunpowdet be fired (which may easily be done by
a burning-glass) the water will in this experiment
descend on the explosion, as-the quicksilver did
in the last,"and" will always continue depressed be-
low the place at which ‘it stood before the explo-

- sioni ; and' the quantity of this-depression " will be

gréater if the quantity of powder be increased, or

the- diameter of the tube be: diminished. From ,

whence it is:proved,  that, as well in air, 2s ina

_wdeuwin, the éxplosion’ of' ﬁred powder prbduces a
permanent elastxc fluid, :

S et L . SCHOLIUM.
R Y:d. Hauksbee Phys, Mechan. Exper. page 81.
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SCHOEIUM.

" It-has been known, éver since:the time of Mn
" Bogle, that many substances m'fermentation .and
~ other chymical operations, produce: elastic fluids
analoglous. in some of their effects. to the sommon -
air. It is likewise known that other-mixtures will
in many cases absorb a part of the air contiguous,tp
them ; in, particidar, jt i observed-that al} burninfg
bedies,, and all sulphureous Tumegs, desfroy great
quantities of air, either by absorbing it into.their
own sybstance, or at least-by depriving it of its
‘elasticity, . "This creation;and consupiption: of -#ig
in chymical. processes, . has been:lately most diter
" gently,and,successfully ¢xamined by, the reverend
Mr. Hales, in his Vggetable Steticsc:,And.on

these principles it follows,that, in.the:Jast. experiq

ment, thﬂa@ul];lhurews:fumﬂs,ariSing from the burns

ing of the charcoal gnd; brimstone,; contained in
the powder; must soen, absorb same -of the airin
which. the, powder is fired ; for which repson. it is
necessary- that the bulk of the air, whi¢h-the. pow-
der is placéd in beforg it is. fired,..should bear -as
small a proportion 3s.possible; to the qeantity of
powder; so.that the success. of the.egperiment
may not 'be. disturbed . by. the abseshed: air: ap-
" proaching ta'an equality. with the generated flyid.
* ‘I'here is, - besides, another reason, -that; when
powder is, fired in the manner; of the last experi-
ment, the bulk of the air in which it is placed
should be as little as possible ;. which is, that the
firg, at the instant of the explosion, will greatly
augment the elasticity of that air, and the pressure
arising from.this increased elasticity, being added
to .the force of the generated fluid, will endanger
the bursting of the tube. L

A . PROP.
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CPROP..IL .

To explain more particularly the Circumstances
. attending the Exploston of Gunpowder, either
.. in a Vacuum or in Air, whesn fired in the Man-
. - mer- described in the Experiments of the last
t-Proposition. . SR
WBEN any considerable quantity of Gumpow-
_der is fired ig an exhaustedqreccivg, by bei!x]};) let
fall on a red-hot iron, the mercurial gage instantly
descends upon the explosion, -and as suddenly
ascends again ; and after a few vibrations, none of
~ which, except the first, are of any great extent, it
scemin%Iy fixes at a place- lower than where it
‘stood before the explosion; and .this stationary
point is what we have always attended to in our
experiments. ' But even when the gage has ac-.
quired this point of apparent repose, 1t still comnti-
nues rising for a considerable time, althou%h by -
such’ impérceptible degrees, that it can only be -
discovered by comparing together its place at dis-
tant intervals; however; it will not always continue
to ascend,  but will rise slower and slower, till at
last it will be absolutely fixed at a point lower than
where the mercury stood ‘before the explosion.
- .. The same circumstances nearly happen when
powderis fired in the upper part of an'unexhausted
tithe, whose lower part is immerged in water.
"Now these appearances aHl arise from the differ-
ent modifications which the fluid, produced from
the explosion, undergoes. The first sudden descent
of the mercury is effected by the action of that
fluid, while in the form of flame. When the flame
is extinguished, and consequently the heat of the
fluid is diminished, its elasticity is likewise dimi«
nished ; and this being effected in a very short
time, occasions the sudden rise of the mercury afol:;
- - t
1
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" thefirst:descent. When the fluid is réduced to the

temperature -of the containing receiver, its elasticity
s then more fixed and invariable ; and this must
usually happen by the time the mercurial gage first
appears: to -be stationary. - The subsequent slow
ascgnt of' the mercury is partly owing to the de+
crease of  the heat of the receiver, occasioned by
_the cooling of the hot iron contamed in it, 'but
muchmore to the action of the sulphureous fumes
eof the brimstone and: charcoal, which absorb a part
of - the :generated floid, and thereby diminish its
pressureion: the gage:. - T

Cne SCHOLIUM. .o -

* 5 Inthe followingpropositions we shallirrefragabl:

: MOnmw;'mx%mqmbf ﬁredgunpo?:gerlys
aothiniganore than the ;pressure of the fluid; which
s generatedin the preceding. experiments; and that
this fluid in its action ohserves the same laws with
ether elastic fluids, partioularly the mir; so. that

whatever power is-produced by the firing of agivett -

quantity of gunpowder, 'the same -would be exerted
by summ%g- in:its stead a.quantity of air equal to
the fluid generated in the explosion, provided that
air be included in the same space, and be heated to
the same degree, as the other fluid is at the instant
of its firing. Mr. 'Hales has concluded, that the

weighit of the factitious elastic fluids, produced from

- chymical processes, is the same with that of com-
- momair; he having tried that produced from tartar
with geeat.exactness. . He has tound, too, that they
expand with heat, and contract with cold,.and that
with the same pressure they are condensed in the
same degree with common air; and that when they
are cleared of their sulphurecous .fumes, which is
done by making them pass through water, they

will then contihue for mamy months, nay years,

without losing any.cemsidgrable part oftheir elas-
- SRR ticity.

=
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ticity. And, from these and other circumstances,
he doubts not. to .assert,.that these fluids are true

permanent air.: Now if this.be:supposed of all, or -

any of the elastic: fluids-produned.; by distillation,
burning, &c. it must be preferably allowed to be
trae of that fluid, which is generated:im the explo~
sion of gunpowder.; sincedt is fram. saltpetre alone
that this: fluid seems ito:be derived,:(for meither the
brimstone nor the charcoal yield it,; when..fired by
themselves)-and saltpetre is known to be.a sub-
stance.imbibed from the air by edrth ; forthe.same
parcel of earth, by being propedy exposed .to the
air, will furnish saltpetre over and over again for
. ever. However, thoughi it be highly reasonable to
suppose that the elastic fluid, arising from the firing
of ‘powder, is.gennine and: permaneit dir,! yet. the
truth or falshoad of this:suppesition no ways affects
the certainty .f ourconcjusitms. :It:ds.sufficient
for our. purpose, .thatit isian elgstic fluid,; whether
it be air or anothen composition, our reasoning will
be still:the same ; since it:is by expériments-on this
fluid itself, and not by obscure;speculations- om.its

" hature and qualities, that our -future deductions

relating to.its force:apd action-are confirmed.. . |

e T TR T VT L TP P
o PRORCIIL - ooc s s

The Elasticity 'or Pressure of the Fluid pro-
“duced by the firing  of Gunpowder,” z's‘ca;‘férijsf
_paribus directly as its Density. = i
T'Hls' follows from: hence, ‘that, if in the.same -
receiver a double quantity: of. powder ‘be “let fall,
the mercury will subside twice -as muchas in the
~ firing of a single quantity. For the vapour pro<
duced from the double quantity being contained in
~ the same receiver will 'be of double the density of
that produced from the single quantity; whence
the elasticity or-pressure estimated by the descent
of the mercury being likewise double, the pressure
- is
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is directly as its.density. Also the descents of the
mercury, when equal quantities of powder are fired
" in different receivers, are reciprocally as the capa-
cities of those receivers, and consequently as the
density of the produced fluid in each. |
‘But as 'in the usual method of trying this ex-
- periment, the quantities of pdwder are so very

small, that it is difficult to ascertain these propor- =

tions to a requisite degree of exactness, I took a
large receiver, containing about 520 inches, and
letting fall at once on the red-hot iron, 1 dram or
the 5 of an ounce avoirdupois of powder (the re-
ceiver being first nedrly exhausted) the mercury
after the explosion was subsided 2 inches exactly,
and all the powder had taken fire.. Then heating
the iron a second time, and exhausting it as be-
fore, 2 drams were let down at once, which sunk
the mercury 3z, and a small part of the powder
had fallen beside the iron, which (the bottom of
the receiver being wet) did not fire, and the quan-
tity that thus escaped did appear to be nearly suif-
ficent, had it fallen on the iron, to have sunk the
mercury 3 part of an inch more; in which case
- the two descents, viz. 2 inches and 4 inches, would
have been accurately in the proportion of the re-
spective.quantities of powder; from which pro-
portion, as’it was, they very little varied. .

Hence then it appears, that the elasticity of the
vapour preduced by gunpowder in its explosion, is
directly as its density. '

PROP. IV.

To determine the Elasticity and Quantity of this
~elastic Iluid, produced from the Explosion of
a given Quantity of Gunpowder. _

A's different kinds of gunpowder produce differ-
ent quantities of this fluid in proportion to their
different degrees of goodness, before any definite -

“JE . determination
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determination of this kind can take place, it is ne=-
cessary to adcertain the particular species of pow-
der that is proposed to ge used ; and therefore I
shall, in every examination and position relating to
" this subject, suppose the powder in question to be
of the same sort with what is made for the use of
the government ; that being by contract to consist
of a known and invariable-proportion of materials,
and is therefore much properer for a standard than
what. is compounded according to the arbitrary .
fancy of the artist. . '

This being settled, we must further premise these

two principles, which we have already mentioned
in the scholium to prop. II. the first, that the elas-
ticity of this fluid increases by heat, -and dimi-
nishes by cold, in the same manner as that of the
air; the second, that the density of this fluid, and
consequently its weight, is the same with the weight
of an equal bulk of air, having the same elasticity;
~and the same temperature. - : '

-Now, from the experiment recited in the last
proposition, it appears that % of an ounce avoir-
dupois, or about 27 grains troy, of powder, sunk
the gage on its explosion 2 inches ; and the mer-
cury in the barometer standing at near 30 inches,
i+ of an ounce avoirdupois, or 410 grains troy,
would have filled the receiver with a fluid, whose
elasticity would have been equal to the whole
pressure of the atmosphere, or the same with the
elasticity of the air we breathe ; and the content of
the receiver being about 520 cubic inches, it fol--
lows, that {3 of an ounce of powder will produce
520 cubic inches of a fluid, possessing the same
degree-of elasticity with common air; whence an
ounce of powder will produce near 5§75* cubic

“inches of such a fluid. ‘
But, ‘in.order to ascertain the density of this
fluid, we must consider what part of its elasticity,
. - at
. * This should be 555.  H. .
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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 re-
ceiver being manifestly less than that of boiling
water, which is known to increase the elasticity of
the air somewhat more than § of its augmented
quantity, I collect from hence, and other circum-
stances, that the augmentation of elasticity arising
from this cause was about the  of the whole ; that
is, if the fluid arising from the explosion had-been
reduced to the temperature of the extérnal air, the
descent of the mercurial gage, instead of 2 inches,
would have been only 1§ inch; whence 575%, re-
duced in the proportion of 5 to 4, becomes 460 1 ;
and this last number represents the cubic inches of
an elastic fluid, eéqual in density and elasticity with
common air, which are produced from the explo-
sion of 1 ounce avoirdupois of gunpowder, the
weight of which quantity of fluid, according to the
usual estimation of the weight of air, is 181 grains ;
whence the weight of this fluid is 73+ or % nearly. -
of the weight of the generating powder. =
. If the ratio of the buik of the gunpowder to the
bulk of this fluid be wanted, this will be determined
by.knowing that i ounce, 1 dram, or 17 drams..
avoirdupois of powder, fill 2 cubic inches,- if the
powder be well shook together; wherefore aug-
menting the number last found in the proportion
of 16 to 17, the resulting term 48831 is the number
of cubic inches of an elastic fluid, equal in density
with the air produced from 2 tubic inches'of pow-
. der; whence the ratio of the respective bulks of
the powder, and the fluid produced from it, is in
round numbers, 1 to 244 §. ‘

' : ‘ And

* This should be 555.

t More correctly 444.

t More accurately 472.

§ 236.. o H.

Eg



69 NEW PRINCIPLES

And fartheér, to confirm this determination, I
fired the quantity of a dram of powder four times
successively, in an exhausted receiver, by a burn-
ing-glass; the capacity of this receiver was 470
cubic inches. These experiments were more trou-
blesome than those in which it was fired by a hos
iron, because it was sometimes long before it would
fire ; in which interval the air would often insifuate
itself, and thereby disturb the measures of the de-
scent ; and, besides, near + part of the powder was
usually dissipated, unfired, by the blast: however,
by collecting the grains that were thus scattered,
and weighing. them, and increasing the descent by
a proportional quantity, the subsiding of the mer-
cury, correspanding to one dram of powder, was.
the first time 2,1 + inches, the second time 1,8
— inches, the third time 2, 1—, and the fourth
time 1,85 inches, or at a medium 1,96 inches; and
this, diminished in the ratio of 520 to 470, becomes .
1,77 for the descent to a like quantity in the first
receiver. Now the deduction to be made on ac-
count of the heat of the receiver was but little in*
these experiments ; for, by including a small ther-
mometer, I found that the fluid within the receiver-
was not hotter after the blast than that of the
summer air; whence, if the descent 1,77 be re-
duced in the ratio of 13 to 12, which is nearly that-
of the elasticity of hot summer air to temperate
air, it becomes 1,63 nearly, which differs little from
I3, or 1,6; which is what we found it to be in the
preceding experiment : wheuce the proportian be-:
tween the respective bulks of the powder, and the
fluid produced from it, may be still assumed to be
that of 1 to 244 [or 236.] L )

" And this ratio agrees very well with the experi-
ment recited by Mr. Hauksbee, in his Physico-:
Mechanic Experiments, p. 81 ; for he there found
that one grain of powder produced, when fired in
the air, a cubic inch of elastic fluid, . which, sup-
: - posing

1
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. Kosing the density of powder to be what we have

ere assigned, gives the ratio of their respective
bulks to be that of 1 to 232; a difference, from
what we have assigned above, that may easily arise
from the difference of the powder only. Whence

we may conclude, that the presence of a greater or

less quantity of air does not affect the production
of this fluid ; since, by comparing Mr. Hauksbee's
experiment with our own, it appears that the same
quantity of this fluid is generated in a wacuum as
in the air. o s

If this fluid, instead of expanding when the

powder was fired, had been confined m the same -

space which the powder filled before the explosion,
then (its elasticity having been shewn to be as its
density) it would have had, in that confined state,
a,degrée of elasticity 244 [or 236] times greater

- than that of common air; and this indep’enient_of
the great augmentation this elasticity would re-
ceive from the action of the fire ip that instant®,:
Hence, then, we are certain, that any quantity
“of powder fired in any confined space which it ade-
quately fills, exerts, at the instant of its explosion,
against the sides of the vessel containing it, and
the bodies it impels before it, a force at least 244

) C . Y - [or

- '* But it has becn found, by other experiments, that 2 cubic
inches of powder in grains, occupied only about half that space,
or one inch, while in a solid state, or cako, before broken into
grains ; thercfore the space pecupied by the fluid, when expanded

. to the rarity of the atmosphere, would be 236 x 2, or 472
times the bulk of the solid powder from which it is produced.—

But a solid mass, suppesed to be composed-of nitre, sulphur,
and charcoal only, in the samg: proportions as employed in mak-

ing gunpowder, would be very nearly of the samlg specific grae

vity as solid gunpowder itself ;" which contains also air in the

proportion of 3 tenths of the whole weight of the powder: it
follows therefore, that the condensation of the air in the pows

der is 472 x %2, or 1573 times, that is, 1573 times denser than

common air, and therefore denser than water, in .the -ratio of .

about 18 or 19 to 10.  H. ‘
o Es3
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[or 236] times greater than the elasticity of com-
- mon air, or, which is the same thing, than the
pressure of the atmosphere ; and this without con-,
sidering the great addition 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 determing how much the Elasticity of the Air
is augmented, when heated to the extremest
Heat of red-hot Iron.

To fix this point, I took a pjece of a musket-
barrel, about six inches in lengtﬁ, and ordered one
end to be closed up entirely; but the other end
was drawn out conically, and finishéd in an aper-.
ture of about § of an inch in diameter. This tube,
thus fitted, was hea?ed to the extremity of a red
heat in a smith’s forge,-and was then immerged:
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 en-
tered it in cooling was exactly weighed. The
weight of the water thus taken in at three different
trials was 610 grains, ‘595 grains, and 600 grains
respectively. .The content of the whole cavity of
the tube was 796 grains of water; whence the
spaces remaining unfilled in these three experi-
ments, were equal in bulk to 186, 201, 196 grains
of water respectively ; and these spaces did doubt-
less contain all the .air, which, when the tube was
red-hot, did extend through its whole concavity ;
consequently the elasticity of the air, when heated
to the extreme heat of red-hot iron, was to the
elasticity of the same air, when reduced to the tem-
perature of the ambient atmosphere, as the whole
capacity of the tube to the respective spaces taken
-up by the cooled air; that is, as 796 to 186, 2%1,
' o . 1965

.
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196 ; or, taking the medium of these three trials,
as 796 to 1941¥. , ‘

The heat given to the tube each time was the
beginning ofg what workmen call a white heat;
and to prevent the rushing in of the aqueous va-
pour at the immersion, which will otherwise drive -
out great part of the air, and render the experi- . -
ment fallacious ; I had an iron wire filed tapering,
so as to fit the aperture of the tube, and with this
I always stopt .it up, before it was taken from the
fire, letting it remain in till the whole was coel,
when removing it, the due quantity of water would
enter. / '

PROP. VL

To determine how much that Elasticity of the
Fluid produced by the firing of Gunpowder,
which we have above assigned, is augmented by
the Heat it has at the Tige of its léivplosion.

A's air and this fluid a pear to be equally affected
by heat and cold, and consequently have their
elasticities equally augmented by the addition of
equal degrees of heat to each ; if" we suppose the
heat, with which the flame of fired powder is en-
dued, to be the same as that of the extreme heat of
red-hot iron, then the elasticity of the generated
fluid will be greater at the time of explosion, when
it is in the form of flame, than afterwards, when it
is reduced to the temperature of the ambient air,
in the ratio of 796 to 194+ nearly; that is, in the
ratio of the elasticities of common air, under simi- -
lar circumstances, ascertained in the last proposi-
tion.
Now that the heat of powder, when fired in any
considerable quantity, is not less than that of red-
' ‘hot

* Or the ratio nearly of 4;% to 1. H.
E 4



72 NEW PRINCIPLES

hot iron, seems sufficiently evident from the ap-
pearance of the flame, and the known properties of
some of its materials ; for the fire produced by the
explosion is certainly as active as any common
fire; and it is well known that all fires will com-
municate a red-hot heat to iron, provided the bulk
of the iron be sufficiently small, when compared
with the quantity of the fire. '

« This being supposed, then, that the flame of
fired gunpowder 13 not less hot than red-hot iren,
and the elasticity of the air, and consequently of
‘the fluid generated by the explosion, being aug-
mented by the extremity of this heat in the ratio
of 1943 to 796, as has been shewn in the last pro-
posion; it follows, that if 244 [or 236] be aug-
mented in this ratio, the resulting number, which
is 999+ [or 9663,] will determine how many times -
the elasticity of the flame of fired powder exceeds
the elasticity of common air, supposing it to be
confined in the same space which the powder filled
before it was fired. For since we have shewn, in
the third proposition, that the elastic fluid pro-
duced from the firing a quantity of powder, would,
if confined in the same space which. the powder.
took up before its explosion, exert an elasticity
244 [236] times greater ‘than. the elasticity of
common air, supposing the temperature of that
fluid and of the air to be the same ; it is plain from
hence, that, when 244 [236] is increased in the
ratio, in which the elasticity of this fluid is greater
at the time of the explosion than afterwards, the
resulting number will ascertain how many times
the elasticity of this inflamed fluid, at the mstant
‘of its explosion, and before it has dilated itself, ex-
ceeds the elasticity of common air.

Hence, then, the absolute quantity of the pres-

sure exerted by gunpowder, at the moment ‘of its ~

explosion, may be assigned ; for, since the fluid,.
then generated, has an elasticity of 999+ [or 966, ]
oy
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or in round numbers, 1000* times greater than
cominon air; and since common air, by its elasti-
city, exerts a pressure on any given surface equal
to the weight of the incumbent atmosphere, with
which it is in equilibrio, the pressure exerted by
fired powder, before it has dilated itself, is nearly -
one thousand times greater than the pressure of
the atmosphere ; and consequently the quantity of
this force on a surface of an inch square, amounts
to above 6 ton weight; which force, however, di-
minishes, as the fluid dilates itself, according to
what has been shewn in the third proposition.

SCHOLIUM.

- Though we have here suppesed that the heat of
_gunpowder, when fired in any considerable quan-
tity, is the same with iron heated to the extremity
of a red heat, or to the beginning of a white heat,
(which determination we shall hereafter confirm by
many experiments) yet it cannot be doubted, but
that the fire produced in the explosion is somewhat
varied (like all other fires) by a greater or less

" . quantity of fuel; and it may be presumed, that,

according to the quantity of powder fired together,
the flame may have all the different degress from
that of a languid red heat to the heat sufficient for
the vitrification of metals; but as the quantity of
powder requisite for the production of this last-
mentioned heat, is certainly greater than what is
ever fired together for any military purpose, we
shall find, by our future experiments, that we shall _
not be far from our scope, if we suppose the heat
of such quantities as come more frequently ,in
use, to be, when fired, nearly the same with the
strongest heat of red-hot iron 4 allowing a gradual .
augmentation to this heat in larger quantities, and
diminishing It when the quantities are very small.

' PROP..

* The number corresponding to this, which I have found by
many experiments, is near 1600,  II,

.
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PROP.. VII.

Given the Dimensions of any Piece of Artillery,
the Density of its Ball, and the Quantity of
its Charge, to determine the Velocity which
the Ball will acquire from the Explosion, sup-
posing the Elasticity of the Powder at the
Sirst Instant of its firing to be given.

1% the solution of this problem, we 'shall assume
the two following principles :

I. That the action of the powder on the bullet
ceases as soon as the bullet is got out of the piece.

IT. That all the powder of the charge is fired,
and converted into an elastic fluid, before the
bullet is sensibly moved from its place.

“ These postulates we shall demonstrate in an an-
nexed Scholium; and they being supposed, the
proposition itself is thus determined. .

Let AB represent 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. Suppose the ball that is to be
impelled to lie with its hinder surface at the line
GE, then the pressure exerted at the explosion, on
‘the circle of which GE is.the diameter, or, which
is the same thing, the pressure exerted in the di- -
rection FB, on the surface of the ball, is easily
known from the known dimensions of that circle;
draw any ‘line FH perpendicular to FB, and Al
parallel to FH, and through the point H, to the
asymptotes IA and AB, describe the hyperbola
KHNQ ; then if FH represents the force impelling
the ball at the point F, the force impélling the ball
in any other place as M will be represented by the
line MN, the ordinate to the hyperbola at that

. . pomt;

/
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. point; for when the fluid impelling the body along,
ias dilated itself to M, its density will be then to

its original density in the space DEGC recipro--
cally as the spaces through which it is respectively
extended ; that is, as FA to MA, or as MN to,
FH; but we have shewn, in the second proposi-

tion, that the elasticity or impelling force of this
fluid is directly as its density ; therefore, if FH re-
presents that force at the point F, MN will repre-
sent the like force at the point M. :

LU '\l{

S

’ .

W O

ebmm=— ]
. Since the absolute quantity of the force impel-
ling the ball at the point'I'yis, known, and the
weight of the ball is likewise known ; the propor-
tion between the force the ball is impelled with,
and its own gravity, is known. In this propor.’
tion take FH to FL, and draw LP parallel to FB;
then MN, the ordinate to the hyperbola in any
point, will be to its part MR, cut off by the line
LP, as the inipelling force of the powder in that -
point M, to the gravity of the ball; and conse-
quently the line LP will determine a line prqpo:i
: ; : tional



96 " NEW PRINCIPLES

tional to the uniform force of gravity in every
{x)int; whilst the hyperbola HNQ deterrpines in
. like manner such ordinates as are proportional to

the impelling force of the powder in every point ;
whence, by the 89th proposition of lib. 1. of Sir
Isaac 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
space FB, and when impellc,sg1 through the same
space by the force of the powder. But since the
ratio of AF to AB, and the ratio of FH to FL are
known, the ratio of the area FLPB to the area
TFHQB is known; and thence its subduplicate.
And since the line FB is given in magnitude, the
velocity which a heavy body would acquire, when
. impelled through this line by its own gravity, is
known, being no othet than the velocity it would
acquire by falling through a space equal to that
line; find then another velocity, to which this
last-mentioned velocity bears the given ratio of the
subduplicate of the area FLPB to the area FHQB,
and this velocity, thus found, is the velocity the
ball will acquire when impelled through the space '
I'B by the action of the inflamed powder.

Now, to give an example of this, let us suppose
AD, the length of the cylinder, to be 45 inches, its
diameter DC, or rather the diameter of the ball, to
be Z of an in,p}),' .and AF, the extent of the pow-
der, to be 25 inches; to determine. the velocity
which will be communicated to a leaden bullet by
the explosion, supposing the bullet laid at first
with its surface contiguous to the powder.

By the théory we have laid down.in the last
proposition, it appears, that at the first instant of
the explosion, the flame will exert, on the bullet
lying close to it, a force 1000 times greater than
the pressure of the atmosphere : the medium pres-
sure of the atmosphere is esteerped equal to that of

“ ST acolunin
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-a column of water. 33 feet high ; whence lead being
. to water as 11,343 to 1, this pressure will be equal
to that of a coJumn of lead 34,9 inches in height :
whence multiplying this by 1000, a column of lead
34900 inches Eigh would produce a pressure equal
to what is exerted on the. ball by the powder in
the first instant of the explosion; and the leaden
ball being 3 of an inch in diametey, and conse-
quently equal to a cylinder of lead on the same
-base, 1 an inch in height, the pressure at first act-
‘ing on it will be equal to 34900%2 or 69800 times
its weight; whence FL to FH is as 1 to 69800 :
and FB to FA is as 45—23 (or 42%) to 2%; that
is, as 339 to 21; whence the rectangle FLPBis to
the rectangle AFHS, as 339 to 21 x 69800 ; that
is, as 1 to 4324—. And from the known 'appli-
cation of the logarithms to the mensuration of the
hyperbolic spaces, it follows, that the rectangle

AFHS is to the area FHQB, as ,43429 &e. is to
the tabular logarithm of 43 ; that is, of %°, which
is 1,2340579 ; whence the ratio of the rectangle
FLPB to the hyperbolic area FHQB, is compound-
ed of the ratios of 1 to 4324—, and.of ,45429
&c. to 1,2340579 ; which together make up the
ratio of 1 to 12263, the subduplicate of which is
the ratio of 1 to 110,7; and in this ratio is the ve-
locity which the bullet would acquire by gravity, .
~ in falling through a space equal to FB, to the ve-
locity the bullet will acquire from the action of the
gpwder, impelling it through FB; but the space
B being 427 inches, the velocity a heavy body
will acquire in falling through such a space, is
known to be what would carry it nearly at the rate_
of 15,07 feet in 1" of time; whence the velocity, -
to which this has the ratio of 1 to 110,7, is a ve-
_locity which would carry the ball at the rate of
15,07 x 110,7 feet in 1“ of time; that is, at the
rate of 1668 feetin 1" of time. And this is the
velocity which, according to the theory, the bullet:
in

«
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in the present circumstances would acquire from
the action of the powder, during the time of its
dilatation. ‘ :

And this being once computed for one case, is
easily apglied to any other ; for, if the cavity DE
GC left behind the bullet be only in part filled
with powder, then the line HF, and consequently
the area FHQB, will be diminished in the pro-

.portion of the whole cavity to the part filled ; if
the diameter of the bore be varied, the lengths AB
and AF remaining the same, then the quantity of
powder and the surface 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 ; where-
fore the line FH, which is directly as the absolute

impelling force of the powder, and reciprocally as -

the gravity of the bullet, will change in the reci-

procal proportion of the diameter of the bullet —

If AF, the height of the cavity left behind the

bullet, be increased or diminished, the rectangle of

the hyperbola, and consequently the area corres-
ponding to ordinates in any given ratio, will be
increased or diminished in the same proportion.—
. From all whi¢h it follows, that the area FHQB,
which is in the duplicate proportion of the velocity
of the impelled body, will be directly as the loga-
trithm 45, (where AB represents the length of the
barrel, and AF the length of the cavity left behind

the bullet) also directly as the part -of that cavity -

. filled with powder, and inversely as the diameter of
the bore, or rather of the bullet, likewise directly
as AF the height of the cavity left behind the bul-
let. Consequently the velocity being computed
above, for a bullet of a determined diameter,
glaced in a piece of a given length, and impelled

y a given quantity of powder, occupying a given’
cavity behind that bullet; it follows, that, by’

means of these ratios, the velocity of any other

" bullet .
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bullet may be thence deduced, the necessary cir-
cumstances of its position, quantity of powder, &c.
being given. Where note, that in the instance of
this proposition, we have supposed the diameter of
the ball to be ; of an inch: whence the diameter
of the bore will be something more, and the quan-
tity of powder contained in the space DEGC will
amount to exactly 12dw, a small wad of tow in-
cluded*/ .- ‘

SCHOLIUM.

In this proposition we have taken for granted,
1s¢, That the action of the powder on the bul-
let ceases, as soon as the bullet is got out of the
iece. .
P 2dly, That all the powder of the charge is ﬁ?d',
before the bullet is sensibly moved from its plale.
These assumptions we are now to demonstrate.
. The first will, I presume, appear manifest, when

- it is considered, how suddenly the flame will ex-

tend itself on every side, by its own elasticity,
’ ~ when

* An algebraic investigation of the rule for the velocity of the
ball, may be seen in vol. 2 of Dr. Hutton’s Course of Mathcma-
tics, viz, in prob. 17, near the end' of the volume, p. 350, edit.
4, And the theorem thence deduced, is this: v = 2713 x
"(:% X leg. of g).for the velocity with which the ball quits
the muzzle of the gun; where d denotes the diameter, of the
bore, e the specific gravity of the ball, or the weight of a cubic
foot of its matter, h the length of the cylinder or bore filled
with powder, b the whole length of the gun-barrel, a the length
to the hinder part of the ball, and n the first force of the fired

wder, which Mr. Robins assumes equal to 1000. But when the

orce of the inflamed powder is considered as carrying.both its own

"weight and that of the ball before it, the more accurate theorem,

“nh
. 7 de 4 660a _
And by comparing the calculations from this theorem with very

there stated, is this, v = 2713 4/ ( X log. of g)‘

.accurate experiments, there noticed, the medium value of the

first force n, comes put about 1500 or 1600, instead of 1000.
See pa. 356 of that book. = Il
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. when it is once got out of the mouth of the piece ;

for by this means its force will then be dissipated,

- and the bullet will be no longer sensibly aftected

by it.

yThe second principal is, indeed, less obvious,
being contrary to the general opinion of almost all
writers on this subject. But, however, it is not
less certain. It might, perhaps, be sufficient for
the proof of this position, to observe the prodigiouns
compression of the flame in the chamber of the

‘piece. Those who will attend to this circumstance,

- and to the easy passage of she flame through the

intervals of the grains, may soon satisfy themselves,
that no one grain contained in that chamber can
continue for any time uninflamed, when thus sur-
rounded and violently pressed by so active a fire.
However, not to.rely on mere ‘'speculation in a
point of so much consequence, I considered, that,
if part only of the powder is fired, and that suc-
cessively, then by laying a greater weight before
the charge, (suppose 2 or 3 bullets instead of one)
a greater quantity of powder would necessarily be
fired, since a heavier weight would be a longer -
time in passing through the barrel. Whence it
'should follow, that two or three bullets would be
impelled by a much greater force than ene only.
But the contrary to this appears by experiment ;
for firing one, two, and three bullets, laid contigu-
ous to each other, with the same charge respec-
tively, I have found (by a method to be mentioned
hereafter) that their velocities were not much dif-
ferent from the reciprocal of the subduplicate of
their quantities of matter ; that is, if a given charge
would communicate to one bullet a velocity of
1700 feet in 1", the same charge would communi-
cate to two bullets a velocity from 1250 to 1300
feet in 1%, and to three bullets, a velocity from
1050 to 1110 feet in 1. From hence it appears,
that, whether the piece be loaded with a greater or

‘ less

-
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less weight of bullet, the action of the powder is
nearly the same; since all mathematicians know,
that if bodies containing different quantities of
matter are successively impelled through the same
space by the same power, acting with a determined

. torce at each point of that spade, then the veloci-
ties-given. to those different bodies will be recipro-
cally in .the subduplicate ratio of their quantities of
matter. - The excess of the velocities of the two
and three bullets above what they should have
been by this rule, (which are that of 1200 and 980
feet in -1") does doubtless arise from the flame,
-which escaping by the side of the first bullet, acts

" on the surface of the second and third. S

Now this excess has in many experiments.been
imperceptible, - and. the velocities: have. been reci~
procally-in the subduplicate ratios: of the number
of bullets to sufficient e€xactness; and wherei this

_ error has_been greater, it has never arisen to an

. eighth part of the whole ;. but if the common opi-
nion was true, that a small part only of the pow-

 der fires at first, and othei parts of it successively,

" as the bullet passes tlirough the barrel, and that a
considerable part of it is often bldwn out of the
piece without firing at all; then the velocity,
which three bullets received: from the explosion,
ought to have been much gredter than we have
ever found it to be; since the time of the passage
of three bullets. through -the barrel being nearly
double the time, in which one- passes, it should
happen, accordingto thjs vulgar:supposition, that

«in a double time a much greater quantity of the
powder should be fired, and consequently a greater
force should have been produced, than'what acted
on the single bullet only, contrary to all our expe-
riments. ' i S

. But further, the truth of the second postulate
'will be more fully evinced, when it shall appear, as

it will hereafter, that the rules founded on this
- - supposition i~
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supposition ascertain the velocities of bullets im-
. pelled by powder, to the same exactness, when
they are acted on through a barrel of 4 inches in
length only, as when they are discharged from one
of four feet.

With respect to the grains of powder, which are
often blown out unfired, and which are always
urged as a proof of the gradual firing of the charge,
I believe Diego Uffano, a person of great experi-
ence in the art of Gunnery, has given the true rea- -
son for.this accident; which is, that some small
part of the charge is often not rammed up with
the rest, but is left in the piece before the wad,
and is by this means expelled by the blast of -
air .before the fire can reach 1t*; I must add,
that in the charging of cannon and small arms,
~ especially after the first time, this is scarcely to be

avoided by any method, I have yet seen practised.
Perhaps, too, there may be some few grains in the
best powder of so heterogeneous a composition as
to be less susceptible of firing, which I think I
have myself observed : these, though they are sur-
rounded by the flame, may be driven out unfired.
However, be that as it may, -the truth of our posi-
tion cannot in general be questioned. - _
, Having in this proposition shewn how the velo-
city, which any bullet acquires from the force of
powder, may be computed upon the principles of
~the theory laid down in the preceding propositions
of this treatise ; we will next shew, that:the actual
velocities, with which bullets of different magmi-
tudes are impelled from different pieces, with dif-
~ ferent quantities of powder, are really the same with
the velocities assigned by these computations; and
consequently, that this theory of the force of pow-
der, here delivered, does unquestionably ascertain
the true action and modification of this enormous
power. | o L

: But

* Dialog. 20.
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But in order to compare the velocities.commu-
nicated to bullets by the explosion, with the velo-
cities resulting from the theory by computation ;.it
is necessary, that the actual velocities, with which
bullets move, should be capable of being disco-
vered, which yet is impossible to be done by any
methods hitherto made public. The only means
hitherto practised by others for that purpose, have
been either by observing the time of the flight of
the shot through a given space, or by measuring
the range of the shot at a given elevation; and
thence computing on the parabolic hypothesis,
what velocity would produce this range.. The
first -method labours under this insurmountable
difficulty, that the velocities of these badies are
often so swift, and censequently the time observed-
is so short, that an imperceptible error in that time
may occasion an error in the velocity, thus found,
of 2, 3; 4, 5, or 600 feet in'a second. The other.
- method is so fallacious, by reason of the resistance -
of the air, (to which inequality the first is also
liable) that the velocities thus assigned may not
be, pﬁrhaps, the tenth part of the actual velocities
sought. ‘ ) :

. To remedy, then, these inconveniencies, I have
invented a new method of finding the real veloci-+
ties of bhullets of all kinds ; and this to such a de- |
gree of exactness, (which may be augmented too
at pleasure) that in a bullet moving with a velocity
of 1700 feet in 1°, the error in the estimation of it
need never amount to its five hundredth part ; and
this without any extraérdinary nicety in the con- .
struction of the machine. The description and
use of which is the subject of the next proposition.

_ Fg PROP.
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- PROP. VIIIL

To deéerminc the Velocity, whick any Ball moves
“with at any Distance from the Picce, it is
. discharged from. ‘

Tru-: simplest method of effecting this, is by
. means of an instrument like to that exhibited in
the engraved figure, where ABCD represents the
‘body of the machine, composed of the three poles

B, C, D, spreading at-bottom, and joining toge-'

ther at the top A; being the same with what is
vulgarly used in the weighing and lifting of very
‘heavy bodies, and-is called by workmen the trian-
‘gles, On two of these poles, towards their tops,
"are screwed on the sockets RS; and on these
sockets the pendulum EFGHIK is hung by means
of its cress.piece EF, which becomes its axis of
suspension, and on which it must be made to vi-
brate with great freedom. The body of this pen-
dilum is made of iron, having a broad part at

bottom, which cannot be seen in this scheme; but

its entire shape is represented in the annexed

figure A, | '
. . :":“L__.W ‘.;-

. i
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- The lower part of the pendulum is covered with
" a thick piece of wood GKIH, which is fastened
to the iron by screws. ‘Something lower than the
bottom of the pendulum there is a brace OP, join-
ing the two poles to which. the pendulum is sus-
pended ; and to this brace there is fastened a con-
trivance MNU, made with two edges of steel,
bearing on each other in the line UN, something’
in the manner of a drawing-pen ; the strength with
which these edges press on each other being dimi-
nished or increased at pleasure, by means of a
screw Z going through the upper piece. There is
fastened to the bottom of the pendulum a narrow
ribbon LN, which passes between these steel edges,
_ and which afterwards, by means of an opening cut
in the lower piece of steel, hangs loosely down, as
at'W. \

This instrument thus fitted, if the weight of the
pendulum be known, and likewise the respective
distances of its centre of gravity, and of its centre

‘of oscillation, from its axis of suspension, it will -
thence be known, what motion will be communi--

cated to this pendutum by the percussion of a body
of a known weight moving with a known degree
of celerity, and striking it in a given point; that

is, if the pendulum be supposed at rest before the - -

percussion, it will be known, what vibration it
ought to make in consequence of such a deter-
nined blow ; and, onithe contrary, if the pendu-
lum, being at rest, is struck by a body of a known
weight, and -the vibration, which the pendulum
makes after the blow, is known, the velocity of the
striking body may from thence be determined.

Hence, then, if a bullet of a known weight
strikes the pendulum, and the vibration, which the

pendulum makes in consequence of the stroke, be

ascertained ; the velocity, with which the ball
-moved, is thence to be known. .

-Now the extent of the yvibration, made by the

F3 pendulurmr

.

‘o
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‘pendulum after the blow, may be measured t
_ great accuracy. by the ribbon LN ; for let the
pressure of the edges UN on the ribbon be so re-
gulated by the screw Z, that the motion of the
1ibbon between them may be free and easy, thou%lh
with some minute resistance; then settling the
pendulum at rest, let the part LN between the
pendulum and the edges be drawn straight, but not
strained, and fix a pin in that part of the ribbon,
- which is then contiguous to the edges: let now a
ball impinge on the pendulum, then the pendulum
swinging back will draw out the ribbon to the just
extent of its vibration, which will consequently be
determined by the interval on the ribbon between
the edges UN, and the place of the pin.

But the computation, by which the velocity of
the ball is determined from the vibration of the
pendulum after the stroke, requires a more parti-
cular explication ; and for this purpose we will ex-
* -hibit, as an example, the pendulum made use of

by us in some of our experiments.

The weight of the whole pendulum, wood and
all, was 56 1b. 3 oz. its centre of gravity was 52
inches distant from its axis of suspension, and 200
of its small swings were performed in the time of
253 seconds ; whence its centre of oscillation (de-
termined from hen¢e) is 623 inches distant from
thataxis. The centre of the piece of wood GKIH

.1s distant from the same axis 66 inches.
‘In the compound ratio of 66 to 623, and 66 to -
52, take the quantity of matter of the pendulum
* to a 4th quantity, which will be 42 1b. ; oz. Now
geometers will-know, that if the blow be struck in |
the centre of the piece of wood GKEH, the pen-
dulum will resist to the stroke in the same man-
ner, as if this last quantity of matter only (42 lb.
+ 0z.) was concentrated in that point*, and the
L rest

* T' "~ is the case only when that point is the centre of os-
. ' i cillation ;



OF GUNNERY.. ey

-est of the Eendulum was taken away; whence,
supposing the weight of the bullet impinging in
that point to be the ; of a pound, or the i+ of

this quantity of matter nearly, the velocity of the
point of oscillation after the stroke will, by the
laws observed in the congress of such bodies as
rebound not from each other, be the 44+ of the
velocity, the bullet moved with before the stroke ;
whence the velocity of this.point of oscillation af-
ter the stroke being ascertained, that multiplied by

. 505 will give the velocity with which the ball im-

pinged. :

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

' ; directly:

Cillation ; a circumstance forgotten to be noticed when this tract
was first printed in the year 1742, but which was mentioned by
the author, in the Philos. Transactions for the year followihg,
where the rule, is properly corrected, and where we are informed
that the first example here given only requires to be corrected,
as all the other examples in the 9th prop. following, were com-
puted by the corrected rule. The necessary correction for the
above rule, is to increase the velocity in the ratio of the distances
of the centres of oscillation and percussion, below the axis of
suspension. And that remark, had M. Euler observed it, might
have spared him the trouble of many of his animadversions on
Mr. Robins’s work. As to the rule, in an algebraical form) the
easiest that I know of, is that-given in my volume of Tracts,
printed in 1786, p. 119, viz. v = 614.58 g ¢ x '; |+r :
the velocity of ‘the hall in feet : where b denotes the weight of
‘the ball, p the weight of the pendulum, g the distance to the
centre of gravity, i the distance to the point of impact or point
struck, c¢ the chord of the arch described by the pendulum, to
the radius or distance r, and n the number of small vibrations
the pendulum makes in one minute or 60 seconds: and where
the values of the quantities c, g, i, r may be taken in any one
and the same measure, either all inches, or all feet, &c. ; also p
and b in any one measyre, either pounds or. ounces, &c. H.

F4
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directly upwards from their lowest point, with the
same velocity they have in that point; wherefore,
if the versed sine of the ascending arch be found,
(which is easily determined from the chord and
radius being given) this versed sine is the perpen-
dicular hClO"ht to which a body projected upwards
with the velocxt) of the point. o}) oscillation would
- arise ; and, consequently, what that velocity is, can
be easﬂy computed by the common theory of fall-
ing bodies.
For instance, the chord of the arch, described
by the ascent of the pendulum after 'the stroke -
measured on the ribbon, has been sometimes 17
inches ; the distance of the ribbon from the axis of
. suspensmn is 71% inches ; whence reducing 17} in
the ratio of 715 to 66, the resulting number which
is nearly 16 inches, will be the chord of the arch,
through which the centre of the board GKIH
ascended after the stroke : now the versed sine of
an arch, whose chord is'16 inches, and its radius
66, is 1,93939; and the velocity, which would
carry a body to this height, or, which is the same
thing, the velocity, which a body would acquire by
descendmo through thls space, is neally that of
*31 feet in 1",
To determine, -then, the velacity, with which
-the bullet impinged on the centre of the wood,
when the chord of the arch described by the ascent
of the pendulum, in consequence of the blow, was:
17X inches measured on the ribbon;, no more 1s
necessary, than to multiply 33 by 505, and the re-
sulting number 16411 will be the feet which the
bullet would describe in 17, if it moved with the
velocity it had at the moment of its percussion ;
fm the velocity of the point of the pendulum, on
L . which:
* More accurately 3,216.
_ + Or rather 1624 = 3.216 X 505. But th(‘ true velocity,

when compnuted by the correct rnle in-the last note, comes out
1669 or near 1700 feet. H. .
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which the bullet struck, we have just now deter-

mined to be that of 3% feet in 1”; and we have be-

fore shewn, that this is the 43 of the velocity of
the bullet. If, then, a bullet weighing ; of a
pound strikes the pendulum in'the centre of the
wood GKIH, and the ribbon be drawn out 17%
inches by the blow; the velocity of the bullet is
that of 1641 feet in 1. And since the length the

ribbon is drawn, is always nearly the chord of the

arch described by the ascent, (it being placed so as
to differ insensibly from those chords which most
frequently occur) and these chords are known to
be in the proportion of the velocities of the pendu-
lum acquired from the stroke, it follows that the
_ proportion between the lengths of ribbon drawn
out at different times, will be the same with that

of the velocities of the impinging bullets; and, .

consequently, by the proportion of these lengths
of ribbon to 17;, the proportion of the velocity
with which the bullets impinge to the known ve-
locity of 1641 feet-in 17, will be determined.
Hence, then, is shewn, in general, how the velo-

cities of bullets of all kinds may be found out by -

means of this fnstrument ; but that those, who
may be disposed to try these experiments,.may not
have unforeseen difficulties. to struggle with, I
shall here subjoin a few observations, which it will

be necessary for them to attend to, both to secure

success to their trials, and safety to their persons.

And first, that they may not conceive the piece
of wood GKIH to be an unnecessary part of the
machine, I must inform them, that if a bullet im-
pelled by A full charge of powder should strike di-

rectly on the iron, the bullet would be beaten into.
shivers by the stroke, and these shivers will re- -

bound. back with such violence, as to bury them-
selves in any wood they chance to light on, as I
have found by hazardous experience ; and besides
the danger, the pendulum will not in‘this instance

S ascertain

i

,‘
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ascertain the velocity of the bullet, because the

veldcity, with which “the parts of it rebound, is’

unknown.

The weight of the perdulum, and the thickness
of the wood, must be in some measure propor- '
tioned to the size of the bullets which are used.—
A pendulum of the weight here described, will do
very well for all bullets under three or four ounces,
if the thicknéess of the board be increased to 7 or 8
inches for the heaviest bullets: beech is the
toughest and properest wood: for this purpose.

It is hazardous standing on the side of the pen-

" dulum, unless the board be seo thick, that the
greatest part of the byllet’s force is lost before it
comes at the iron; for if it strikes the iron with
violence, the shivers of lead, which cannot return
back through the wood, will force themselves out
between the wood and iron, and will fly to a con-

_siderable distance. _ _

As there is no effe¢tual way of fastening the wood:
to the iron but by screws, the heads of which must
come through the board; the bullets will some-
times light on those screws, from whence the shi-
vers will disperse themselves on every side.

When in these experiments so small a quantity-
of powder is used, as will not give to the bullet a
velocity of mere than 4 or 500 feet in 17, the bullet
will not stick in the wood, but will rebound from
it entire, and (if the wood be of a very hard tex-
ture) with a very considerable velocity. - Indeed I
have never examined any- of the bullets, which
have thus rebounded, -but I have found them in-
dented by the bodies, they have struck against in

" their rebound.. ‘

To avoid, then, these dangers, to the braving
of which in philosophical researches no honour is
annexed ; it will be convenient to fix whatsoever
barrel is used, on a strong heavy carriage, and to

fire it with a little slow match. = Let the barrel too
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be very well fortified in all its length ; for no barrel~
(I speak of musket-barrels) forged with the usual
dimensions, will bear many of the experiments re-
cited hereafter without bursting, as I have found
to my cost. The barrel, I have most relied on,
and which I procured to be made on purpose, is
nearly as thick at the muzzle as at the breech ; that
is, it has in each place nearly the diameter of its
- bore in thickneéss of metal. =
. The powder used in these experiments should be
exactly weighed, and that no part of it be scat-
tered 1n the barrel, the piece must be charged with
a ladle in' the same manmer as is practised with
cannon, the wad should be of tow of the same
weight each time, and no more than is just neces-
sary to confine the powder in its proper place ; the
. length of the cavity left behind the ball should be
determined each time with exactness; for the in-
creasing or diminishing that space will vary the .
velocity of the shot, although the bullet and quan-,
tity of powder be not changed. The distancé of
the mouth of the piece from the pendulum ought - -
to be such, that the impulse of the flame may not
act on the pendulum; this will be prevented ina "
common barrel charged with L an ounce of pow-
der, if it be at the distance of 16 or 18 feet; in
larger charges the impulse is sensible farther off’; -
- I have found it to extend to above 25 feet ; how-
ever, between 25 and 18 feet is the distance I have
usually chosen; other precautions, which are ne-
cessary, will better find their place in the account
of the experiments I have made, to which I now

“ hasten®.
PROP.

* Many improvements of the machinery, of this ingenious
way of discovering the velocity of shot, may be seen in my -
‘L'racts, before-mentioned ; where the method is extended to the
practice with cannon balls of considerable size, and illustrated by
very numerous and varied examples, H. |
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PROP. IX.

-To compare the actual Velocities with which
‘Bullets of different Kinds are discharged from
their respective Picces, with their Velocities
computed from the Theory.

ow to determine the actual velocities with
which bullets are discharged, has been amply
shewn in the last proposition ; and how to compute
the velocity with which they would be discharged
accordinf to our theory, has been likewise fully
explained in the sixth proposition; we shall here
then compare the result of our theory with exFe-
rience, and thence evince, how accurately that
theory agrees with the real motions of bullets,
though founded on principles no ways connected
with these experiments. ' , :

The first experiments, I shall exhibit, were made
‘with a barrel of the same dimensions with the ex-
ample of the sixth proposition, the ball being ¥ of
an inch in diameter, the length 45 inches, and the
cavity countaining the powder 24 inches, which, as
the barrel exceeded the bullet in diameter by about
the %= of an inch, just contained 12dw. of
powder. S

The bullet thus made use of was + of a pound,

~ avoirdupois, in weight, and consequently the same
with the example of the seventh proposition ; but
the board on the pendulum used here was 4lb.
lighter than what 1s assigned in that example;
from these circumstances, and the velocity which
by the theory the bullet ought to be discharged
~ with, there is known the chord of the arch mea-
sured on the ribbon, through which the pendulum
should ascend after the stroke, if the theory be
true: how near this agrees with our experiments,
wilt appear by the following table: N

' - No.
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Q\uanﬁty of | Chord of its ascend-

. Powder. «dng arch measured on
‘No. . the ribhpn,
Dw. .
| 12 18,7
2.1 12 19,6
3 6 13,6

93
The same by | Er;r of the
the theory. theory.
19,0 +53
19,0 S} 6
15,4 —,2

The next experiments were made with the same
barrel, but the board on the pendulum was now of

little more weight than that

seventh proposition.

- Length of the | Quantity
cavity con- |of powder. | ascending
tainifig the * . arch mea-"
powder.or .} sured on the -
line AF, in ribbon.
o fig 1o f
No. | Inches | Dw. | Inch.
41:24%.| 6 11,9
5 2 4 6 12,2
6 11 6 '|. 13,2
71 1% 6 13,9
8 23 | 12 16,7
9| 24 |12 | 17,5
10| 2% 12 | 16,9
1nj-'245 | 18 | 17,0
121 2% 6 | 1,7 |
13| e [ 6 | 11,1
wl 23 1 12 | 167

1]

Chord of its

in the example of the

The same by

Error of the
the theory.” theory.
Inch. . Inch. 4
12,1 } +,2
12,1 N —,1
13,6 +,4
136 | —.8
172 | +,5
17,2 -3
16,8 | —,1
16,8 | =2
15 | -2
1,5 | +,4
16,3 | —,4

The last five numbers resulting from the theory
are corrected from the quantity of bullets lodged
in’the board, which, as many-other experiments of
a different kind were tried in the interval, amount-
ed at last to above two pounds; whence the weight *
of the pendulum being increased, its vibration
with the same blow must be proportionably dimi-

~ nished.

’

The
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. The next experiments were made with a barrel
of the same bore with the last,.but only 12,375
inches in length: to distinguish them, we shall
for the future denominate the first barrel by the
letter A, and this short one by C. The board on
the pendulum was at first rather lighter than in the
example of the seventh proposition. - s

Extent of | Quantity | Chord of | The same |  Error
the cavity of the ascend-| by the of the -
containing | powder. | ing arch theory. |, theory.”
the pow- | measured v -
der. : on the
ribbon.
No. | Bar.| Inch. Dw. Inch. - Inch. .
15{C| 245 | 12 12,7 12,8 |. +,1
16 C| 235 | 12 12,6 12,8 +,2
17|C| 235 | 12 | 124 | 128 +,4
18/ A 24 | .12 }7,0 17,38 - +,3
19 A 2% |.12 | 17,2 17¢ | ,0
20 (A 2% | 12 | 17,1 | 17,2 | +,1
e1 | A| 235 | 12 17,2 17,2, ,0
ee|A]l 24 | 6 | 124 | 122 | -2

. . . oy : , .
.* In'some of the following experiments a third
barrel was used of the same bore with the other
two, but 24,312 inches in'length: this barrel I
denominate B; the board ﬁxe(f on the pendulum
was at first but little heavier than that in the se-.
venthi proposition ; and when in the course of the
experiments it is sensiby increased in the weight,
I diminish the numbers arising from the theory by
a corresponding part, . L
T ‘“No.
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Exteat of | Quantity | Chord of | The same | Ersor
the cavity of the ascend- | by the of the
containing | powder. | ing arch theory. | theory.
the measured
| powder. on the
ribbon.
No.’ Ba'i'. Inch. Dw. Inch. Inch. Tach: .
23 A | 24 | 12 | 171 | 17,2 | +,1
24| Al 2+ 9 15,2 15,0 | - 1,2
251 A 2+ 9 15,4 15,0 - ,4
26 | C 2+ 12 L5 12,8 + 1,3
271 C| 2 ¢ 12 Il 5 12,8 + 1,3
28| C| 2+ 6 8,7 9, | + .3
29|1C{ 2+ 12 12,3 | 125 | +,2
30{ B 2+ 12 14,4 14,4 0,0
31|B| 2+ | 12 14,4 { 144 | 0,0
32| B 2+ 6 10,3 10,5 -+ ,2
33]A| 1% 8 [ 147 | 145 | — .2
sal A 4 12 157 | 153 | - 4

The error in , the 26 and 27th experiments bema"
- much greater than what has occurred to me in any /
other trials, I suspect, that some mistake was made
in the weight of the powder, or that the barrel
(which had indeed lain by in a moist place) was
very damp ; which circumstance, I know by expe- -
rience, will consnderably diminish the action of the

powder
The following experiments were made with a
-pendulum much heavner, it weighing in the whole
971b. its centre of gravity was 55,625 inches distant
from its axis of suspension, and 200 of its small
swings were performed in the space of 255'%
whence its centre of oscillation is 63,9 inches dlS-
tant from the axis of suspension. Also sometimes
_another barrel was used 7,06 inches in length, and
,88 in diameter; its ball was exactly fitted to the
bore without any windage, so that it went in with
difficulty ; the weight of this ball was 33; dw.—
This barrel we shall denommate D.
"No.,

.
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No.
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‘The errof . in the 50th expenmen& the greatest
in this set, was doubtless owing to the wind ; for
the 49, whlch was made immediately, before lt in
the same manner, and with the same -quantity of’
pmvder, differs but_little from the theory. 'The;
excess. of .the 38th experiment above the theory,
was in part occasioned, by the impulse of the flame,
on the pendulum; which in this large quantlty of
powder was plainly to be- discerped..

This thcory is farther confirmed tag, by exPeri-
ments made on the action 6f very, small quantities,
of powder.  We have hitherto supposed the poy-
der when firéd to be equally hot with iron at .the
becxnnmg of its white hear but;we have obsexved,,

-that in very small quantities of powder the heat is;

probably less than this, and consequently the-elas-
ticity. in those: cases less'than what arises from this
supposition. * Now this decrease .of elasticity in'
small quantities of powder we hdve found. by many
trials actually to take place; for imstance; in’ the;
example of the 7th proposition, the veldcity, which.
should be given to the ball by the action of the
powder according to the theory, is in roupd num-
bers that. of 1670 feet in 1°,.and this velocity we
haye found in _the preceding experiments ta-be the
mediim velocity, which the ball really receives. in
those, circumstances. .. If now, the barrel and posi-

* tion of the ball remaining the same, there be placed

in the same space DEGC continuing likewise the
same 1dw. ofP powder instead of 12, which-is the
quantity supposed in that example ; it follows from
the principles there laid ‘down, that if the elasti-
city of .the smallgr charge be the'same in ‘propors:
tion to its quantity \Vlth that of the larger, then

‘the welocxty of the hullet, when nnpcl]ed by the

explosion of the smaller char ge, will be to the ve~
locity of a bullet impelled by the greater charge,
in the subduplicate ratio of the quanutles of the
respective charges; that is, in the subduplicate ra-
. , tio
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 tain the: trug :and ;genuine determination of the
férce and manner of acting of fired gunpowder.
viThis theory, ashere established, supposes, that in
the firing of gunpowder about T.of its subistance is.
convested by the sudden inflammation into a per-
‘manent elastic fluid,’ whosé dlasticity, in proportion
to its heat and denslty, i5 the same with that of
c@iTnoN afmin the Hise- circumstapces ;. it, farther
, supposes, that all-the.force exérted by gunpowder,
igits most violent aperatlons, 1s.no. more than the
-action.of the elsticity of the flmid thus generated ;
agdthese.prineiples emable:s, aswe havﬁ senn; :;o
determiné -thevvelocities: of bullets impelled: fron:
fire: arms of all kinds, and-are:fully sutficient for
all purposes, where the force of gunpowdgt.is to; be
esttmated.’ ‘Whsther this fluid be-true and ﬂelxumc
aji; or another substanec, we: shall. not - dtscuss i
thiss pdace s @ssit:is an. enquiry-no-ways! cmmectcd
wittp thel designoof this treatisesil: ;. - Conli
From this theory. many. deductions: mayrbmmade
of i thikr ‘greatesoansequence to the practical past, of
GunhérVL - From: henoe the thickness of 3 piece,
whidh willienabie it toxconfindavithont. burating any,
divent charge of pewiler, s easily determinbd; since
the effort of ithepoder issknown. Frow hence
dppedrs the irconclusiveness of. vhat somemodeim
authors have advanced, relating to the: adv;pltaoes_
of particular formsdor: theclihm’bcns of mortays and:
cannor; forallitheir labourad: speaulations on-this
‘head are evidently feunded:on very erroneous;opi-
thions about the action of fired powder;, - Eromthis
theoiyy: too, e -hee taught the negessity of leaving
the same spa¢e beliind the biallet;-when we would
by the' same quantity of powdex communicate the
same velocity:to.the bullet ;s sinee on our principles
itifollows,. that-the same ‘powder has a greater, o
less>degree of ehasticity, according to-the different
Emcca it occupies. The. ‘method, which: I have
always . _pmcmcd for t}ns purpose, has been by
marking

a2 -
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marking the rammer ;-and this isa iaxim, which:

ought not:ta:be- dls‘pensed with; :when eannon are

fired’ at an‘elevation,. paartmularly in'those. called byw
the French Batteries-@ ricochet..« - -+ .

» Irom thie continaed action of the; powder, and’
}ts manner of ‘expanding described in this theoryy
and the lengtlr and weight of the piece ;.one of the
most essential circumstances in the well-directing
of.artillery may be easily . ascertained,;. All prac~
titioners are agreed, that.no shot ean be depended
on, unless the | piece be placed- on 4 solt: platform;;
for if the platform shakes with the figst: nnpulaq of

“the powder, it is impossible but.therpiece must
likewise shake, which will alter its direetion, and
render its shot. uncertam - To prevent:this ae¢i-
dent, the platform is usually madeé cxtneme;ly firm
to .a.considerable depth backwards ;- so: that the
piece is not only well suppérted in the. beginning
of its motion, but likewise through a great part of
its recoil. Howev efy it is suﬁ’mently obvious, that
when the bullet is separated from the piece, it can
be no longer affected by the tremblmg’ of the plece :
or platform and by a very easy computation it will
be found, that in a piece 10 feet in ‘I)ena‘ih ‘caITy-
ing a bullet of 24lb. and cha}gad,m;h lﬁlb of :
powder,:the bullet will be. out of; the piece, before
the piece’ has recoiled ;.an inch.;.whenge, - if the
plattorm be sufficiently solid .t the ‘beginning of
the recoil, the remaining part of it. may be much
slighter ; since its .unstgadiness,beyownd the first +
mch will havg no influence on the direction of the
shot. .Angd hegice @ morg; .compendius method of
-Constrmt.m platforms may; be foynd;out. .. ...
- From shis; theayysitialso appears,ohaw grpatly
:ﬂ;osﬂ authors have; been nistaken, who. have aux-
butad ithe, force of gugpowdey, . or ableast,a gonst-
derable. part of jt,,to, the action,of the air pogtamqfl
exthienin-the (lcr or betwegn thedutervals of the
x&xmawfﬁ ey nhave suppasedl (thawghidndis-
G 3 tinctly

2
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tinetly enough) that air to exist in its natural elas«
tic state, and to. receive all its addition' of force
from the heat of. the explosion. But, from what
we have experimented in the fifth proposition, re,
lating to the increase of the elasticity of the air by
heéat, we may conclude, that the heat of the ex.
plosion cannot augment the elasticity of the air te
fivé times its common quantity ; consequently, the
foroe arising from this cause only eannot amount
to more than the 800th part of the real force ex:
¢rted on this occasion. , : .
' Having thus dispatched the general confirmation
of ‘our theory, ‘we shall proceed to the examination’
of some other particulars relating to tlils subject ;
- which, - though easily enough flowing from the
principles already laid down, do yet, from the no-
velty end singularity of the matter, merit a cir-

tumstantial discussion. -

PROP. X. - .. .

To assign the Changes in the Force of Powder,
which arise from the different State of the
_At’mospbe'r.e.,', ' : .

I N all the'éxperiments I have hitherto-examined,

T have never been able to discover, that the varia-

tion of the density of the atmosphere did any way
alter the action of powder, although I have made
several hundred shot in very different seasons : 1n
particular, I have sometimes compared the trials
thade at noon; in the hottest summet sun; with
those made in the freshness of the morning and
evening, and I coukt not perceive any certan dif-
ferehée between them, and it 'way! the ‘same with
e trials madein the night and in winter; although
in-this variety (of 'seasons, the density’ of: the at-
mosphere must have' been véry different '’ ipdeed, as
we have seen that the same (uantity of that fluid,

T which the force of powder consists, isigenerated

oo L . . ] . in

LY
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i1 a vacuum, and in common air, it is difficult te
eonceive how this force can be affected by the
greater or lesser-density of the atmosphere, .
- But though the density. of- the. atmosphere: has
no.influence: on the force of powder; yet its mois-
gure has a great one; for the same quantity of
~ powder, whichin a dry season would commugicate
to a bullet a velocity of 1700 fiet in 1", will not in
«lamp ‘weather comimnunicate to the same. bullet,
placed in- the same manner, a velocity of more,
perbaps, than 12-or 1300'feet in 1', or still less, it

- the powder be of a bad sort, and has been pegli- - -
gently kept. "And this decrease of the force in .

damp powder appears by my experiments to be
very unsteady and variable; 'so that 2 shot made .
+ with equal quantities of such powder, taken-out of -
the same parcel, ‘will differ donsiderably from each
other, .perhaps. ten times more thaw if the powder
was in. good order; and as far-as this uncertainty
in its effects will permit me, I seem to collect; that
a small charge loses a greateryart of its force than
b larger, provided.each are equally damp. . Ano-
ther circumstance attending damp powder, is a
remarkable foulness in the piece after firing, much
beyond what arises from an equal quantity of dry
owder. ' ' : e
P Now all these effects are easily to be accounted
for, when it is known, that powder will imbjbe
moisture 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 moisture in

. powder, theugh insafficient to produce this effect,’

will yet abate the, violence of its.explosion, and
wilk rendes-the firg thereby psodnced less vehement
than it would otherwise -be; whence a less «quan-~
tity raf Buid will bie hy this-¢asé gehefateeyanil: the
heasiof that fluid and.its.clastionty; ig hkewise less;
conseqnently this antion of damp phivder must; on
,'.:‘;{ ar-azolquy a3 A5 4ir adt o vrnr this
[YRTI A .

-
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this ‘two-fold account, be diminished aecording to
the degree of méisture with which it is impregnated,
And as bad powder usually contains some com-
mmon salt-in it, by reason of the little care taken in
the refining of the nitre, and as common salt.im-
bibes moisture in a stronger degree than nitre; it
is not difficult to coneeive, how bad powder should
‘in a moist season be more impregnated with mois-
ture than good, and should consequently lose
more of its force. :
The uncertainty in the effects of damp powder
arises, I presume, from the different degrees of
" dryness it acquires in the piece; for as, after the
first or-second firing, the barrel grows warm, if the
powder is contained any time in it, some part of
its‘moisture will be thereby evaporated:; and as the
heat of the barrel, and the time of the charge con-
tinuing in it, are circumstances, which in their na-
ture are very uncertain, it is not to be wondered
at, that the evaporation, and ‘consequently the ad+
tion' of the powder, is likewtse uncertain. . I must
remark, on this head, that, in the driest seasons, I
have found the coldness of the barrel, and perhaps
some little moisture- condénsed in its cavity, to
have sensibly diminished the-force of the powder
in the first shot. ’ S
- That small quantities of powder should have
their action more diminished than larger quantities
~, with.the same degree of moisture, naturally follows
from . the smaller degree of heat, with which (as
we have observed -above) the explosion of small
charges is attended ; since the same proportion.of
moisture must of necessity clog a_weak fire.-more
effectually, than it can do- one which -is more
violent. : : coe Co
The remarkable foulness of the piece, from the
firing of damp powder, which we have: mentioned
ahove, . 'must likewise arise from the dimination.of
"the activity of the fireim the explosion. For,
‘ 1 3 when, -

-
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powder, I took about an ounce af powder, which
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when powder is of a proper temperature to firé
readily dnd ‘violently, the greatest part-of its subs
stance ought to. be consumed- to ashes, which will
then be discernible in the form of a greyish sub-
stance on all bodies placed near.the mouth of the
piece ; 'and the foulness of the piece is owing to
those parts of the powder, which, either by their
contiguity to the cold barrel, or their less-inflam-
mable composition, are but imperfectly burnt;
now since moist-powder produces. a'less’ violent
flame, in proportion to the moisture it imbibed ; it
must follow, that a smaller part 'of the powderwili
in this .case be perfectly consumed, and conse-
quently a.greater part. will remaim to.contribute to
the foulness of the barrel. - S

 SCHOLIUM. - =&

We have asserted, as the basis of our reasoning
in this proposition, that powder will imbibe mbis-
ture from the air in a humid state of the .atmos-
phere; but it remains to assign the quantity itcan .
thus imbibe, which we shall here endeavour to do
from our own experiments. ’ o

A parcel of very good powder being placed on a
white paper, which was pierced with a great num-
ber of fine holes, and the paper being held over
the steam of hot water, I found, that in half a mi-
nute the powder was increased in weight by about

ws part. ‘

Trying another parcel in the same manner; but
continuing it longer in the steam, I found that the
powder increased its weight by % pdrt;. but in
this case some of the grains adhered together in
small lumps, although the figure of the.grains
themselves was no ways changed, .. + -

~'Fo convince myself that the moisture: of the at-
mosphere would: likewise “increase . the -weight' of

had '

[ 4
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had for some time been kept in a room, which Bad
a‘fire in it every day, - and I found by drying it
before the fire, that it lost above 5y of its weight ;-
one third of wlnch decrease in weight it had again
-acquired in less than two haurs, +by being removed
to a different part of the room, at a dmta:nce from -
the fire.

Now as the weather is often mucb momter than
- when I tried ‘this experiment, and as ia open air
this. moisture abounds much niore than .in a room
where there is a.fire, it cannot be daubted,. but
that sometimes the twentieth or thirtieth part.of -
- the.substance of the best powder is 'water, which
may be easily supposed ta produce ali the effects,
we have observed and described in this praposition

But, however, the moisture thus imbibed by
powder from the air does not, as I have yet ob-
served, render it less active, when it is dried again.
The reader must have observcd in the expenments
of the last proposition, how neally those made with
the same quantities of powder, and in the same
circumstances, agree with each other. In thesc
experiments, though made at different times in the
course of three summer months, the dryness of the
season prevented all the inequalities of this propo-
sition. DBut trying the same powder in-the winter;
in a very damp season, 1 found, that though. if -it-
was used as in the summer, in its. natural state
without any drying, its eftects were very irregular, -
and much short of those experiments ; yet if each .
charge was well dried, just before it was used, no
diminution of its*forc¢ could then be. pcrcervtd;
nor did it appear. to_act in any manner different
from what it had done in the preceding summer.
Indeed if the powder- be exposed to-the gréatest
damps without any caution,or: if:comman::salt
abounds init, the.maisture:it imlnbesmay, per-
haps, be: suﬂlment toiidissotved: sarhe: past of- the
nitre ; which is a,laslmg damage; that 20 -dryiog

can

< ’-
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oan zetrieve.: But.when tolerable care is taken™in
Ereserving powder, and the nitre it is eomposed of
as been well purged from .common salt, it will
retain its force much longer than is usually sup- .
posed.:- I bave 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.. . ¢
+ -8ome care 1s necessary in the.drying of dam
powder; for there is a degree of heat, which thougﬁ
not suffieient to fire the powder, will yet melt the
brimstone, and destroy the texture of the grains.—
Nay more, there is a hedt, with which the brim-
stone will flame and burn away gradually, and yet
the powder will not explode ; of this-any one may
satisfy himself by heating a piece of iron red-hot,
and then throwing a few grans of powder on it at
different intervals, during the time of its cooling;
for by this means he will find, that ata certain time
the separate grains, that fall on the iron, will not
explode, but will burn with a small blue flame for
some space of time, the grain still remaining un-<

‘consumed. Indeed, when it has:begun to burn in

(;

this manner, it sometimes ends with exploding, but

this more commonly happens when a number of

grains lie near together ; for then, though each se-

. parate flame is not sufficient to explode its respec-

tive grain, yet the whole fire, made by them alto-
gether, grows strong enough at last toend in a
general explosion ; however, by attending to. the -
proper temperature of the iron, and spreading the
gramns, I have often covered two or three square
imnches with a blue lambent flaime, which has lasted
a considerable time ‘without any explosion; and
examining the grains afterwards, I could not per-
ceive that they had Inst either their colour or their

shape... Now " since these . grains, when the brim- _
-storie is thus burnt, or-ewven melted out of them,
wiil. Bo longer act as powder; it'is evident, that .
. RPN . o . l‘ - : .

- powder
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powder may be spoiléd by being idried with too
violent a heat. . T :
From the great difference in the effects of meist
and dry powder established in.this propesition, it
appears how very uncertain and irvegular all thosg
practical operations of Gunuery may prove, -where
this circumstance is not attended to; and how little
confidence -can be placed in any experiments where
‘this cause of inequality could wterfere. ...
Before I leave.this article, I must mention-a
suspicion, I' once entertained about this matter.—
As. water, when rarefied into vapour, is-generally
supposed to be near ten times more elasti¢ than air
equally heated, I imagined, that possibly the meis-
ture imbibed by power might, in ¢ertain’ cases, be
so proportioned to the quantity of powder, that it
might be converted into vapour by.the explosion s
and that thereby the force of the powder might be
more increased by the addition of this very elastic
vapour, than it was dimiuished by the damping of
its flame. And I was the more induced to believe
that this did sometimes happen, from the experi-
ments of a late author, who tells us that the ranges
of the same shot, fired from the same mortar, with .
equal charges of powder, were much greater in the
freshness of the morning, than.in the heat of the
day. For I was well satisfied, that the mere den-
sity of the air (to which he seems to. impute this
. variety) could not produce such different effects.
However, upon a more accurate examination, 1
cannot find that any degrec of moisture daes at
any time augment the force of powder; for, inall
the numerous trials I have made, I néver-‘abserved -
that force sensibly to exceed.its mean quantity,
except in two..experiments; and even:those ex-
cesses, ' 1 had..goad reason: to-believe,..fere occa-
sioned " by some disorderinothemaichine. - How- .
ever, if the elasticity. of” watery fvapour ¢ as gteat
as it is usually esteemed, i(a point far from being
asceitained

e Yy
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agcertatied’ at present) it is -not impossible, ‘bug
something of this kind may take place in-the firing
of large quantities of powder. A

..~ PROP. XL S
To investigate the Velocity which the Flame of
' Gunpowder acquires, by expanding ‘itself, sup-
Cposing it be fired in"q given Piece of drtil-
" tery,” without either a” Bullet or any other
“Bodylefore it

r F the whole sybstance of the powder: was ton-
verted into an elastic fluid at the instant of the
explosion : then; from the known elasticity of this
flmid iasdigihed by our theory, and its known den-
sity, ‘we'cotld easily determine the velocity with
which it woeuld begin to expand, and could thence.
trace ‘out.its fubure augmentations in'its progress
through the-barrel ; but-as we have shewn that the
elastic‘fluid, in which the activity of the gunpow-
dér: consists, “ is ‘only ;% of tlie substance of the
powder;’ the remaining % will in the explosion- be
mixed with the elastic part, and will by its:weight
retard.the activity of the explosion ; and yet-they
will not - be so completely: united as to’ move with
one conanedt motion, bt the unelastic part will be .
less accelerated than the rést; and some of" it.will
nét even be cairied -out of the barrel; as appears by
the considerable quantity of unctuaus matter which
adheres: to the inside of all fire-arms, after they
“have beenused. - - . 0

- These inequalities int-the expansive motion of
the flame oblige .us to'recur to experiments for its
accurate determination.” i : - e T

- The experiments, made :use of for this purpose,
were of two-kinds : the first was made'by charging
the barrel A with 12dw. of powder, and a small
wad of tow only; and then placing its mouth 19
inches from the centre of the pendulum, mentioned

iﬂ/
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in the seventh propositioi ; on firing it in this situ-
ation, ‘the- impulse of the flame on the pendulum
made it ascend through an arch, . whose:chord wis -
13,7 inches ; whence, if the whole substanee of the
powder was supposed to stitke against the pendu-
lum, and each. part to strike with the same velg-
city, that comimon velocity must have been’ at the
‘rate of about 2650 feet in 1”. "This, then, is the
least velocity, which the powder could be supposed
to acquire in its expansnon for lf we supposc fhc
‘elastic part to acquire a greater velocily in ex-
panding,. than the other gross:vapouf, (which it
undoubtedly does) this common velocity here. as-
signed must be augmented for the elastic fluid, and
 diminished for. the, grosser: substance of. the;pow=
der. Assome part- of the, velocity of ithe flame was
lost in passmo through - 19 inches of . air, I .made

the remaining cxperunents oun this subject in'a

manner naot liable to that inconveniepee) . -

I fixed the barrel-A on the peadulum, so: thatnts
axis might .be: both -horizontal and also perpendi-
cular ‘o the plane HK; or, which. igithe. same
thing, . that it might be in: the plane.of the. pendu-
“lum’s vibration ; the height of the: axis of. the piace
- above the centre of the pemdalum was six-inches;
and. the weight of  the piece, and. of the iron that
fastened it, &c. ‘was 1151y The barrel in thissis
tuation being chaiged. Avith 12dt. of powder, withs
out either ball or wad, ‘the: powdsr. only. pus: toge-,
ther with the:rammer; on the-discharge the
dulum ascended through an arch,:-whease c ord
was- 10 inches;- or- yeduded: to an. eqmmlcnt blow
in the centre of the pendulum, supposing the: bar=
rel away, it would be 14,4 inches nearlyt; -+ -

. The saté; experiment repeated:again, - -thexchord
of the ascending. arch was 10,1 inches, whlch re-
duced to the centre, is 14,6 mches '

To determine what-diffevence of velacity there
was iu the different parts-of the vapom, I loadfd
\ the
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tht piece again with 12dw. of powder; and rammed
it down with.a wad of tow weighing:1dw. Now I
conceived, that this wad, being: very light, would
presentl§ acquire thatvelocity, with whiel the elas-
tic part:of the floid woulil expand itself: when un-
comptéssed ;- and I accordingly fourtid - that the
chord of ‘the -ascending ‘arch, was by this means
augniented ‘to 12 inchess. or at the centre-to 17,3 :
whence;-as' the ‘medium of the other two: experis
ments is 14,5, the pendutum ascended through an
arch 2,8 inclies longer; by the additionai motion of
1dw. of matter moving ‘with the velocity of the
swiftest part'of the vapour;and consequently, the
velocity,. with. which this"Idw. of ‘matter moved,
was that of about 7000 feet in Virog fon oo

.1t avilly>perhaps, be objected to this determina-
tion, ‘that the angrasntation of thearch; through -
which the pendulunr vibiated in thisease, was not
all of it owing to' the quastity, of miotion given to
the wad;ibut part of it was produced by the con:
finement of the: powdet,and the greater quantity
thereby: fited. - Butif it were true that'a, part ouly
of ‘the ‘powder fired, when thete:wad no wad, it
would not:happen; that in firing different quanti-
ties of i pewder. without a wad, the chord of the
ascending: arch would increase and idecrease mearly-
in ‘the ratio of 'those quantities, 'which yet I have
found: it: to: do; for with:0dw. that chovd was 7,3
mches, -which with ‘r2dw. we have seen was but
10, and 10,1; dnd"even with §dw.:the chord was
2 inéhes ; deficiens from’ this “proportion by ;5
only:; for which defect too, other validl reasons are
to bé-assigned. i 0 nu Lo Lo
" And there is still’a more convincing proaf, that
all the powder is firéd; although no wad be pliced
before the charge ; which is, that the part:of the
recoil arising from “tite. gxpansion. of the powder
alone, is’ found o be no greater:when it impels a
leaden bullet. before it, than when' the same- quan-
K - : . L tity .

rrent
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tity is fired. without any wad to confine 1t. We
have ,scenthat-the- chord - of the arch;through
which the pendulum rose. from the expansive force
of the powder alone, is 10, or-10,1 ; and.the chord
of that arch when the piece was charged:in the
customary manner with a bullet and wad, I found
to be the!first time 22%, and thesecond.time 22% ;
or at a medium '22,56. - Now the ‘impulse.of the
ball and wad, if they were supposed to strike the
" pendulum in the same.place in which the baryel
was suspended, with the velodity they had -acquired
ati the mouth of _the piece, would drive it through
an arch whoserchord. wauld: be -about- 12,3, as is
known from .the weight:of the. pendulum, the
weight and positian. of. the darrel, and the velocity
of the bullet,’,detesmined. by, our formey:experi-
hents; whence; subkracting this number 12;3 from
22,56, the remainder: 10,26, As,nearly the.¢hord jof
theareh, whichtbe pendulumaiould have ascended
through, from the expansian of the powider.alone;
when fired-with a bullet.before it ; and this:number
10,26 . differs-yery little from"10, ¥} wliich:we have
above found to be the chord of the ascending arch,
when the same quantity of powder expanded.itself
freely, without.gither: bullet oriwad bgfore it .
~Again, that this velaeity.of 7000 feet:in I'is not
mueh beyond.;whaw. thacmost. active pait of -the
flame acquires in.dspanding; is evinced from hence,
that we have above, in the 38th experiment, an: in-
stance of a ball-actually discharged with a velocity
of 2400 in..1', and;yet it;appeared not.that the
action. of the powder on.this. bullet, was at all di-
" minished on account of this immense celerity;;
consequently, the degree. of swiftness, withwhich
in this instange the powder fallowed the.ball,;with-
out losing any part of its pressure, must-have been
much short of.what the powiler alone would: have
‘expanded with, had not the ball been thére. - . -,
And it is this prodigipus celerity of -,exipaysio,l;
P . o 0
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- of the flame of fired powder, that is its*peculiar
excellence ; and the circumstance in that it so emi-
nently surpasses all other inventions, either ancient
or modern, for the purpose of military projections :
for as to the quantity of motion of these projectiles
.only, many of the warlike machines of the ancients
produced this in a degree far surpassing that of
our heaviest cannon-shot or shells; but the great
celerity given to these bodies, cannot be in the
least approached by any other means than by the.
flame of powder. The reason of this difference is,
that the ancients could by weights, or the elasti-
city of springs and stretched cords, augment their
powers to any degree desired ; but then each addi-
tion of power brought with it a proportional ad-
dition of matter to be moved ; so that as the power
increased, these parts of the machine which were
to communicate motion to the projectile, and were
consequently to move with it, weré likewise in-
creased ; and thence it necessarily happened, that
the action of the power was not solely employed
in giving motion to the impelled body, but much
the greatest part of it was spent in accelerating
‘those parts of the machine in which the power re-
sided, to enable them to pursue the body to be

~ projécted with a perpetual impulse, during its whole
_passage through the extent of their activity. Hence

~ then it came to pass, that though these ancient
machines could throw enormous weights, - they
could project them but with small degrees of cele-
rity, compared with what we can communicate to -
eur cannon and musket-shot: whence, in all ope--
rations, where these great velocities are useful, our
machines are infinitely superior to those of anti-
quity : although in more confined and shorter pro-
jections, these last have some advantages, which
may yet render them worthy of the attention of
those military geniuses, who have capacity enough

to consider each’ part of their profession according

. - e ' . o

’
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‘to its trie and genuine value, independent of the °
partial estimation of the times they live in.
- From the determinations contained in this. pro-
position, the foree of' petards may be deduced,
“since their action solely depends on the impulse 6f
_ the flame: and it appears, that a quantity of pow-
der, properly disposed in such a machine, may
- produce as violent-an effort as a bullet of twice its
‘weight, moving 'with a velocity of 14.or 1500 feet
“in 1% ' ' - _

PROP. XII. ,

S T . . J
o ascertain the Manner in which the Flame of
Powder impels a Ball, which is laid at a con-

_siderable Distance from the Charge. .- .

WE hive, in many of the experiinents recitéd
by us above, .laid" the ball not immediately coniti-
guous to the powder, but a small distance from it ;
“the gtehtest innterval, however, has not amountéd
1'!50 more than abdut ; inch, from the hindeér part
“of the bullet to’ the nearest part of the powder ;
“and, in these cases, we have seen, that the theoty
“agteed very well with the experiments byt if'a
bullet'be Placed at a greater distance from' the
_powder, 'suppose at 12, 18, or 24 jnches, we'¢an-
“not then apply to the motion of this ball the same
“principles ‘which, in the 7th proposition, we'have
-applied ‘to such as are contiguous ‘to the powder,
“or nearlyso; for e have séen, in'the last proposi-
tion, that, when thie surface of 'the fired powdeiis
not ¢onfined by a lieavy body, ‘which it 1s obligéd
to irhpel béfore it, the flame dilates itself with'a
" velocity much 'beyond what it' can at any time
communicate to & bullet by its continued ptéssure ;
consequently, as in the distance of 12, 18, or 24
inches, the powder will have acquired a considér-
able’ degree of this velocity of éxpansion, the first
‘motion of ‘the ball will not " be “prodiced by ‘the . -
: I continued



" OF GUNNERY. 115

continued pressure of the powder, hut by the ac-
tual percussion of the flame; and it will therefore
begin to move with a guantity of motion propar~
tioned to the quantity of this flame, and the velo-
cities of its respective parts. . :
From hence then it follows, that the velocity of
a bullet, laid a considerable distance before the
charge, ought to be greater, than what would be
communicated to it by the pressure of the powder
‘acting in the manner described in the 7th praposi-
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 113 inches from its breech, and;im-
pelled by 12dw. .of powder, has acquired on its
- discharge a velocity. of about 1400 feet-in 17;
when, :1f it had .heen:acted .on by the pressure of
the flame only, it would.not-have acquired a velo-
city ‘'of 1200 feet in 1”. --The same we have found
to hold true. in all other greater. distances, (and
also in lesser, -though not to the same degree) and
in all.quantities of powder. And we have likewise
found,: that these. effects nearly correspond with
‘what1was laid down in the last propesition about
the velocity.of expansion,.and the elastic and une-
_ lastic parts of the flame. o
And'from benceitoo arises another.consideration
of great consequence in the practice of Gunnery;
. which :is, .that na bullet should, at any time .be
placed - at any considerable distance before . the
- charge, unless the piece be extremely fortified ; for-
a moderate charge of powder, when it has ex-
‘panded itself through the. wvacant .space, and
reaches the ball, will, by the velocity each part has
' acquired,  accumulate itself behind the -ball, and
willi thereby be condensed prodigionsly ; whence, if
the barrel be not of an extraordinary firmness in
that. part, it must by this reinforced elasticity of
“the powder, infallably burst. The .truth .of this
- He . reasoning:
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. reasohiing I have experienced in an exceeding good
Tower-musquet, 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 just behind the bullet was swelled
out to double its diameter, like a blown bladder,
and two large pieces, of two inches long, were
burst out of it. ,

Having seen that the entire motion of a bullet,
laid at a considerable distance from the charge, is
acquired by two different methods, in which the

owder acts on it; the first being the percussion
of the parts of the flame, with the velocity they
had respectively acquired by expanding; the se-
cond, the continued pressure of the flame through

. the remaining part of the barrel; I endeavoured to
separate these different actions, and to retain that
only, which arose from the continued pressure of
the flame. For this purpose, I no longer placed
the powder at the breech, .from whence it would
‘have full scope for its expansion, but I scattered it
as uniformly as I could, through the whole cavity
left behind the bullet; imagining: that, by this
‘means, the progressive velocity of the flamedn each
part would be prevented by the expansion 'of the
neighbouring parts : and I found, that the ball be-
ing .laid 114 inches from the breech, its velocity,
instead of 1400 feet in 1", which it acquired in the
last experiments, was now no more than 1100 feet
in 1”; which is 100 feet short of what, according
to the' theory, should arise from the continued
pressure of the powder only. v
~ The reason of this deficiency was, doubtless, the
intestine motion of the flame ; for the accension of

“the powder, thus distributed through so much a
larger space than what it could fill, must have
produced many reverberations and pulsations of
the flame; and from these internal agitations of’
the fluid, its pressure on the containing surface

, will
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will (as is the case in all other fluids) be cansider- .
ably diminished ; and it has been in order to avoid
this irregularity, that in all the experiments I have
made, 1 have taken particular care to have the
powder closely confined ih as small a space as pos-
sible, even when the bullet lay at some little dis-
tance from it. ' - ’ )

PROP. XIII,

To enumerate the various Kinds of Powder, and .
to describe the properest Methods of examin-
ing its Goodness.

Tue powder, we have hitherto considered, is
supposed to be such as is made for the service of
the government ; but, besides this, there are many
other kinds, some better and some worse, which-[
here propose to enumerate, as far as they have.

come to-my knowledge. ’
~ Bat, first, I must premise, that the government
powder, if properly wrought, .is, I believe, nearly
as good as any powder made for general use. 1
- ltave examined it with great care, and have com-
pared it with other powders made here in England,
which are esteemed the best, such as the Battle,
&c. and I cannot find any sensible difference be-
tween them. -I have likewise compared it, iy fre-
quent trials, with some Spanish powder, taken out

- of the S¢. Jago prize; anc thoug{l, if I were to give
my opinion, [ should rather believe the Spanish
powder the better of the two, yet so small an ine-
quality as a fiftieth or sixtieth part, which is the
most, that the difference between them can
amount to, is too little to be ascertained with ab-
solute certainty. I conceive too, by comparing
the experiments of others with my own, that the
French powder is little different from ours; 3l-
though I cannot be so certain on this head as [
could wish, having nc,v}eIr been able to pracure gnyf
' 3 ~of
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of their powdet myself. But it must be remeni-
bered, that when Iyspea'k of our government pow-

* der, it must be what is supposed to be made of the
standard proportion of -materials, and properly
- wrought; for such was the powder I made use of.

The strongest powder, 1 have yet met with, is
some which I am told was made i Holland ; its
force, compared with that of our government pow-
der, is nearly as 5 to 4. Butthis powder is un-
doubtedly made of the choicest picked materials,
and is probably wrought up with spirits; so that
quantities of it could not be made, but at a much .
grearer expénce, than what would be repaid by its
- additional strength. PR

The next best powder, that has come to my
hands, is 4 powder made in Portugal, under the
direction of a Dutchman, who some years since
established powder-mills near Lisbon. Thisis in
strength inferior to the Dutch powder last men-
tioned ; but is however nearer to that than to our
government powder. '

The eommon sale powder here in England, such
as is to be had at every grocer’s, is much worse
than the government or the battle powder, and
extremely various, according to the caprice of the .
maker. 1have tried some, whose strength has been
in pro,portion to the government powder, as 2 to
3 nearly, and other parcels have been still worse ;
~ but the worst of all is the powder made for the
African trade, usually styled Guinea powder: but
these weaker powders are not worth examination, -
as there is no established standard for their com-
position.

Now these differences in the strength of powder
may arise from three causes ; either from the qua-
lity of the materials, from- the proportion observed
in their mixture, or from the manner of working
them together. ) ‘

Powder, as is generally known, is composed of

saltpetre,
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saltpetre, sulphur,-and charcoal ; of these materials
the sulphur and charcoal are much the cheapest ;
and though there are peculiar Kinds of these, which
are fittest for this purpose, yet the expence of hav-
ing the very best is so small, ‘when compared to

the whole cost of the powder, that it is strange if

powder, which would be otherwise good, is spoiled
by bad sulphur or charcoal. ' '

* The most expensive part of the composition,-and
consequently the part to which -the. defects of
powder are oftner owing, is the saltpetre. This is

a substance imbibed by the earth from the air ; for.

a quantity of earth, which has had its saltpetre
washed out of it, will, when it has been exposed
to the air for some time, produce saltpetre again ;
and this as often as the experiment shall be re-
-peated. - : _ ‘
Saltpetre is of itself an uninflammable substance;
for if it be placed in the most violent fire,, it only
" melts, and never flames, provided no combustible
matter is permitted to mix with it: but though of
itself, unmixed with other bodies, it will neither.
flame nor burn ; yet, if it be joined with burning
substances, it prodigiously augments the violence
of their burning ; performing, in this case, what

the air, forcibly mixed with fire by the blast of a

pair of bellows, does in a much inferior degree.
Powder then being a mixture of sulphur and
.charcoal, which are very inflammable substances,
with saltpetre, which in itself is not, if the salt-
petre be too much in quantity, when compared
with the other two, their burning may not be suf-
ficient to consume the whole of ‘the saltpetre;
whence the fire may be less violent, and conse-
quently (according to what we have-observed in
the 10th proposition) the powder less vigorous,
than if some of the saltpetre was taken away, and
a like quantity of the other materials were added
in its stead. On the other hand, if the saltpetre

I 4 . : in

\
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in the composition be less than what the burning
of the other two substances can easily consume,
the fire will be less active than it ought to be; be-
cause it 18 not augmented so much as it would be,
if a larger quantity of saltpetre liad been added to
the composition.

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

What this propoftion is, has been ascertained by
experience; and it seems now to be generally
agreed, that in any quantity of powder % of it
should be saltpetre, the remaining + consisting of
equal quantities of sulphur and charcoal. - This is
the proportion followed by. the Frenck, and I be-
lieve by most nations in Europe ; we indeed pre-
tend to a greater degree of nicety in our propor-
tions ; though I am told they do not greatly differ
- from what T have mentioned ; nor am I convinced
that they are preferable : this I am sure of] that no
methods of proving powder, hitherto generally
practised in England, could at all ascertain the
difference ; and other powders, made with the
usual proportions, are no whit inferior to ours.

But it 1s not the due proportion of the materials.
only, which is necessary to the making of good

owder ; another circumstance, not less essential,
13 the mixing them well together ; if this be not ef-
fectually done, some parts of the composition will
have too much saltpetr¢ in them, and others tloo
v : little 3
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little; and in .either case there will be a loss of
strength in the powder.

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

. receive the public stores should have it in their

power to satisfy themselves about the goodness of
what is delivered to them. The method most

. commonly followed for this purpose, here with

us, is (if I am rightly informed) to fire a small heap
of it on a clean board, and to attend nicely to the
flame and smoke it produces, as likewise to the
marks it leaves behind it on the table; from all

~ which instructive particulars the merit of the pow-

der is ascertained with great accuracy, as is pre-
tended : but besjdes this uncertain method, which
I presumie (how much soever it may be practised)
none will seriously undertake to defend, there are,
on particular occasions, other contrivances made
use of; all which bear some analogy to the com-
mon powder-triers, sold at the shops; only they
are more artfully fabricated, and instead of a spring -
they move a weight, which is a more certain and
equable power. ,
‘But these machines, though more perfect than
the common powder-triers, are yet liable to great

" irregularities ; for as they are all moved by the in-

stantaneous stroke of the flame, and not by its
continued pressure, they do not determine the
force of the fired powder with that certainty and
uniformity, which were to be desired in these kinds
of trials: and therefore I cannot but think the
‘method followed by the French, in the receiving
of powders from the makers, to be much better.
Their practice is thus. /
They have, in each magazine, a small mortar

- tast, with its bed, according to a determined pat-

tern, which is the same throughout the kingdom :
- . this
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this mortar is always pointed at 45° and it con-
tains just three ounces of powder; and it is &
standing maxim, that no powder can be received
into their stores, unless three ounces of it, placed
in the chamber of this mortar, throws a solid ball,
of 7+ inches. diameter, to the distance of at least
55 ' Irench fathom. .

It has been objected to this method, thatif each,
barrel of powder was to be proved in this manner,
the trouble of charging the mortar, and bringin
back the ball each time, would be intolerable, an§'
the delay so great, that no business of this kind
could ever be finished ; and if a number of barrels -
~ are received on the merit of a few, it is great odds.

_but some bad ones will be amongst them, which
may prove a great disappointment in time of ser-
vice. Add to this another exception, which ta
me has much more weight; and thatis, the mon- -
* - strous disproportion between the weight of the ball

~and the powder that projects it ; so that the pow-
der continues in action a longer time, and expands
through a much larger space, in proportion to its
quantities in these trials, than it ever does in any
real service ;- whence it happens, that the vapour
- cools, and great part of it escapes through the
touch-hole, or by the side of the bullet; so that
the quantity of motion produced by the explosion
is, in this instance, but little more than half of
what it ought to be, if the powder acted on the
* hall with its full force undiminished by these accis
_dents ; consequently, as this diminution of force

indy not be always comstaiit, the action of the

same powder, by the varying of these adventitious
. circumstances, may, at different times, convey
the ball to different distances.

Now this last exception docs no wa{'s hold
© against the method by which I have tried the com-
" parative ‘strength of different kinds of powder,
which has been by the actual velocity given to a
: bullet,
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bullet, by such a quantity of powder as is usually
esteemed a proper charge for the piece : and as this
velocity, however great; is easily discovered- by
the motion, which the pendulum acquires from the
stroke of the bullet, (according to the principles
laid down above) it might seem a good amend-
ment to the method used by the French, to in-
troduce this trial by the pendulum instead of it.
~ But though I am satisfied,: that this would be
" thuch more accurate, less_laborious, and readier
than the other, yet, as there is some little atten-
tion and caution required in this practice, which
might render it ofi less dispatch .than might be
convenient, when a great number of barrels were
~ to be separately tried, I should myself chuse to
practise another method not less certain, but pro-
digiously more expeditious ; so that' I could en-
- gage, that the weighing out of a small parcel of
powder from each barrel should be the greatest
part of the labour; and, doubtless, three or four
hands could, by this means, examine 500 barrels
in a morning ; besides, "the machines for this'pur-
pose, as they might be made of cast iron, would
be so-very cheap, that they” might be multiplied

at pleasure. However, I shall defer the descrip-

tion of this method at present, and shall proceed
to the consideration of the resistance of the air, a
subject of the greatest importance to the perfection -
of gunnery.* - :

. ’ CHAP.

% Other eprouvettes - have been since devised, which will he
noticed hereafter. H. :
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CHAP. II

Of the Resistance of the Air, and of ‘the

Track described by the Flight of Shot and

Shells. ‘

Bnro rE T more minutely discuss the subject of
this chapter, it is necessary to premise, that the
greatest part of authors have established it as a
cértain rule, that whilst the same body moves in
the same medium, it is always resisted in the du-
plicate proportion of its velocity ; that is, if the re-
sisted body move in one part of its track with three
times the velocity, with which it moved in some

other part, then its resistance to the greater velo- -

city will be nine times the resistance to the lesser.
If the velocity in one place be four times the velq«
city in another, the resistance to the greater velo-
city will be sixteen times the resistance to the les-
ser, and so on. This rule, though excessively cr-
roneous, (as we shall ‘hereafter shew) when taken
in a general sense, is yet undoubtedly very near
the truth, when confined within certain limits;
and therefore, in our future dispositions, we shall
suppose, that in all small changes of velocity in
the resisting body, it does accurately hold true; so

that when we speak hereafier of the resistance of

the medium being increased or diminished by the
varying of the velocity, we shall not hereby in-
clude that incrcase or diminution, which ought to
take place according to this law, but shall thereby
intend a resistance, greater or less than what the
moving body ought to undergo from the applica-
tion of this principle; that is, we shall thereby un-
derstand an increase or diminution in the resisting
power. of the medium, similar to what might be

occasioned

~
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occasioned by increasing or diminishing its den-
sity : the principal purport of our present attempt
‘being to evince, that according te the different
compression of the medium, or the different degree
of velocity in the moving body, such changes may
arise in ‘the resisting power of the medium, as could
scarcely be effected, according to the principles
commonly received on this subject, by a treble
augmentation of its density. This we doubt not
irrefragably to confirm in the following disserta-
tion. :

1

PROP. I

7o describe the genéi'al principlés of .the Resist-
ance of Fluids to solid Bodies moving in shem.

IN order to conceive the resistance of fluids to a
body moving in them, it is necessary to distin-
guish between those tluids, which being compress-
‘ed by some incumbent weight, perpetually close
.up the space deserted by the body in motion, with-
out permitting for an instant any vacuity to remain
behind it; and those fluids in which (they being
not sutliciently compressed) the space left behind
the moving body remains for some time empty.
These differences, in the resisting fluids, will occa-
sion very remarkable varieties in the laws of their
resistance, and are absolutely necessary to be con-
sidered in the determination of the action of the
air on shot or shells; for the air partakes of both
these affections, according to the different veloci-
ties of the projected body.

If a fluid was so constituted, that all the parti-
cles composing it were at some distance from each
other, and there was no action between them; then
the resistance of a body meving therein would be
easily computed, from the quantity of motion com-

" - municated to these particles: for mstance, if acy-
: linder

1
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linder moved in such a fluid in'the direction of its
axis, it would communicate to the particles it met
with a velocity equal to its own, and in its own
direction, supposing that neither the cylinder, nor
the parts of-the fluid, were elastic; whence, if the
velocity and diameter of the cylmder be kuown,
and also the density of the fluid, there would
thence be determined the quantity of motion com-
municated to the fluid, which (action and re-action
being equal) is the same with the quantity lost by
the cylinder, consequently the resistance would be
hereby ascertained.

In this kind of discontmued ﬂUId the particles
being detached from each other, every one.of them
can pursue its own motion in-any direction, at least

“for some time, independent of the nelghbourmo
ones ; wherefore, if, instead of a cylinder moving
in the direction of its axis; abody, with a surface
' o’bhque to.its direction; be supposed ‘to move in
such a ﬂuld; ‘the motion the:parts of the fluid will
- hereby acquire, “will'not be in-the direction of the
resisted body; hut* perpendicular to its oblique
surface ; - whence thie resistance to such a-body will
_not be estimated from the-whole motion communi-
cated to the particles-of the fluid, but from that
part of it ‘enly,which is in the diréction of the re-
sisted body. In fluids then, where the parts are
‘thus discontinued from each other, the different.
obliquities of that surface, which goes foremost,
will occasion considerable chaneves in the resist-
ance, -although the section of - the solid by a plain
perpendlcu]al to its direction should in all cases be
the same. And Sir Isaac Newton has particularly
determined, that in a fluid thus constituted, the
resistance of a globe is but half the resistance of
a cylinder of" the saitie diameter, moving in the di-
rection of its axis with the same veloc1t) )

But:though the hypothesis of a fluid, thus consti-

tuted, be of great use in explainfng the nature of
. B remstances ;
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résistances; yet, in reality, no such fluid does exist
“within oar- Lnowiedgt all “the fluids, with:which
- we are’ conversant, are so formed, that thei parti-
cles either lie contiguous’ to cach cher or at least
act on each other in ‘the ~same'manmier as if' they
did ; consequently, in‘these fluids, no ene patticle,
contiguous to the resisted body, can’ be ‘moved,
without moving at the same time ‘a-great number
‘of ‘others, some of which- will be- distant’ from 3 it ;
~and the 'motion thus communicated to a mass of

-*the fluid, will not be in any one determined Uirec-
“tion, but will in each paiticle be different; accord-
“ing to tlte different mawner in which it Hes in -com-
tact with those from whence it receives its impuadse ;-
“whence, great numbers of the patticles being di-’
‘verted - into oblique ditéétions," the -resistance 6f
“the movinig body, ‘which” \Vrll’dc*pend ‘on the quan-
tity of motion commtutifcated to ‘the fluid- in-its

own divection, will b h‘cwby‘ differént in quantity,

’frdm what it would bein the preceding supposi-
"tion, 'and'its estitiidtion bccomes much mnore coni-
plxcated ‘and’ operose. :

“If the Buid be compressed by tfhe mcumbent
‘W eight of its upper'parts (as all fluids ave with us,
mcept at’theit very surface) and ifthe velocity of
“the moving body 'be much' less than that' with
“which thé parts of the fhiid wonld rush into 4 void
_space, ‘in consequence ‘of their compression, ‘it is
“evident, that in this' case’ the space left by the
‘moving bod} wilt'be’ instantaneously -filled up by
“thefluld, ‘and the parts of the fluid against whith
“the foremost part “of 'the ‘body presses in its mo-
" tion, "will,fnstead  of being “impelled forwatds in
the direction of the hody, circulate in some thea-
sure towards ‘the hinder part of the bady, 'thereb)
“'to restore the equilibrium, ‘which the constant in-

“flux of ‘the fluid behind the body would othel‘wzse.
de<troy, whence ‘the’ progressive niotion of"
'fluid, and consequentl§ the resistance of the b}c: & ,d"

whic
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which depends thereon, would be in this instance
much less than in our first hypothesis, where each
particle was supposed to acquire, from the stroke
of the existing body, a velocity equal to that with
which the body moved, and in the same direction.
Sir Isaac Newton has determined, that the resist-
ance to a cylinder moving in the direction of its
axis, in such a compressed fluid,” as we have here
treated of, is. but one fourth part of the resistance,
‘which the same cylinder would undergo, if it
moved with the same velocity in a fluid constituted
in the manner we have described in our first hypo-
thesis, each fluid being supposed to be of the same
density. '

But again, it is not only in the quantity of their
resistance that these fluids differ, but likewise in
the different manner in which they act on solids of
different forms moving in them. .

We have shewn, that in the discontinued fluid,
which we first described, the obliquity of the fore<
most surface of the moving body would diminish -
the resistance; but in compressed fluids this holds

", mot true, at least not in any considerable degree ;

for - the principal resistance in compressed fluids
- arises from the greater or lesser facility, with which
the fluid, impelled by the fore part . of the body,
can circulate towards its hindermost part; and this
being little, if at all, affected by the form of the
moving body, whether it be cylindrical, conical,
or spherical, it follows, that while the transverse
- section of the body, and consequently the quan-
tity of impelled fluid be the same, the change of
its figure will scarcely affect the quantity of its re-
sistance. : : '

And this case, that is, the resistance of a com-
pressed fluid te a solid, moving in it with a velo-
city much less than what the parts of the fluid
would acquire from their compression : 'this case,

I say, has been very fully considered by Sir Isaac

‘ - Newton,
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Newten, whohas ascertained the quantity of such
a resistance according to the different magnitudes
of the moving body, and the density of the fluid.
But he very expressly informs us, that the rules he
has laid down are not generally true, but upon a
supposition that the compression of the fluid be
increased in the greater velocities of the moving
" .body: however, some unskilful 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 compressions of the fluids they were re-
sisted by ; and by this means they have accounted
the resistance of the air to musketand cannon-shot
-to be but one third part, of what I have found it
by experience. SR
Indeed, from all we have said, it appears plain
enough, that the resisting power of - the medium
must be increased, when the resisting body moves
- so fast,” that the fluid cannot instantaneously press
in behind it, and fill the deserted space; for when .
this happens, the body will be deprived of the -
pressure of the fluid behind it, whith in some
measure ballances its-resistance, and must support
on its fore part the whole weight of a column of
the fluid, independent of the motion: it gives te
the parts of the fluid; and besides, the motion in
the particles driven before the body is, in this case;
less affected by the compression of the fluid, and
.consequently they are less deflected from the dis
rection, in which they are impelled by the resisted
surface; whence this specics . of resistance ap-
proaches more and more to that described in cur
-first hypothesis, where each particle of the fluid
being unconnected with the neighbouring ones,
pursued its own motion, in its own direction, with~
out heing interrupted or deflected by .their conti-
_guity; and therefore, as we before observed, that
the resistance of a disci)ntinucd fluid to a cyg'm
B aer,
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der, moving in the direction of its axis, was fou-
times greater than the resistance of a fluid suffici
ently compressed of the same density, it follows,
that the resistance of a fluid, when a vacuity-is
- left behind the moving body, may be near four
times greater than that of the same fluid, when
no such vacuity is formed ; for when a void space
is thus left, we have shewn the resistance to ap-
proach in its nature to that of a discontinued fluid.
This then may probably be the case in a cy-
linder moving in the same compressed fluid, ac-
cording to the different degrees of its velocity ; so
that if 1t set out with a great velocity,” and moves
in the fluid till that velocity be much diminished,
the resisting power of the medium may be near
four times greater in the beginning of its motion -
than in the end. In a globe the difference will not
be so great, because on account of its oblique sur-
face, its resistance in a discontinued medium is-but
about twice as much as in one properly compressed ;
for its oblique surface diminishes its resistance in
one case and not in the other: however, as the
_ compression of the medium, even when a vacnity
~ is left behind the moving body, may yet counfine
the oblique motion of the parts of the fluid, which
are driven before the body, and as in an elastic
fluid (as is our air) there will be some degree of
condensation in those parts, it is highly. probable,
. that the resistance of a globe, moving in a com-

- pressed fluid with a very great velocity, will be .
etween that of a globeand of a cylinder, in a dis-
continued medium ; that is, (in proportion to its .
velocity) we may suppose it to be more than twice,
and less than four times the resistance of the.same
globe, moving slowly through the same medium;
whence, perhaps, we shall not much err in sup-
posing the globe in its swiftest motions to be re-
sisted near three times more, in proportion to its

yelocity, than when it is slowest.
: And
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-~ And as this increase - of the resisting power of
. the medium will take place, when the velocity of
“the moving body is so great, that a perfect vacuity
is left behind it, so some degree of augmentation
. will be-sensible in velocities much: short of this;
for even when, by the compression of' the fluid, the
space left behind the body is-instantaneously filled
up, yet if the velocity, with which the parts of the
fluid rush in behind, is not much greater than that,
with which the body moves; the same reasons we
have urged above, in the case of an absolute va-
cuity, will hold in a less degree in-this instance ;
and therefore we are not to suppose, that the in-
creased resistance, which we have hitherto treated
of, immediately vanishes, when the compression of
the fluid.is just sufficient to prevent a wacuum be-
‘hind the resisted body ; but we must consider it as
diminishing only, according as the velocity, with .
which the parts of the ﬂui§ follow the body, ex-
ceeds that, with which the body moves. .
Hence then we conclude, that if a globe sets
out in a resisting medium, ' with a velocity much
exceeding that with which the particles of the me-
diunr would rush into a void space, in consequence
of their compression, so that a vacuum is necessa-
rily left behind the globe in its motion, the re- .
sistance - of this medium to the globe will be near
three times greater, in proportion to its velocity,
than what we are sure, from Sir Isaac Newton,
would take place in a slower motion. . We®may
- farther conclude, that the resisting- power of the
medium will gradually diminish, as the velocity
of the globe decreases, till at last;: when it moves
with velocities, which bear but a small proportion
to that, with which the particles of the medium
follow it, the resistance becomes the same with
what is assigned by Sir Isaac Newton in the case
of a compressed fluid. .- - i
And from this determination we ahay learn, how
: S I¢ false
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false that position is, which asserts the resistance’
of any medium -to be in the duplicate proportion
of the velocity of the resisted body; for it plainly
appears, by what we have said, that this can only,
be considered as nearly true in some variations of
- velocity; and can never be applied in the compa-
ring together the resistances to all velocities what-
ever without the most enormous errors. :
~ These principles being laid down, we shall next
proceed to an experimental examination of the re-
sistance of the air in particular, both in order thence
to evince how' nearly these speculations agree to
the real obs¢rved action of fluids, and likewise to
shew, how egregiously all those theorists have-been
mistaken, who have conceived, that the resistance -
of the air to shellg and shot of all kinds was scarcely
_ worthy of attention.

PROP. IL

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

BY means of the machine described in the 8th
propesition, ‘I have it in my power to determine
the velocity, with which a ball moves in any part
of its track, provided I can direct the piece so as
to cause the bullet to impinge on the pendulum
placed in that part; and tgerefore charging a muys-
ket-barrel three times successively with a leaden
ball of  of an inch- diameter, and about half its
weight of powder, and taking such precaution in
the weighing of the powder, and placing it, that -
I was assured, by many previous trials, that the

velocity of the ball could not differ by 20 feet in.

1” from its medinm quantity, I fired it against the
pendulum placed at 25 feet, at 75 feet, and at 125
fect distance from the mouth of the piece respec-
tively ; and I found that it impinged against the
pendulum in the first case with a velocity of 1670

: feet
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feet in 1, in the second case with a velocity of
1550 feet in 1"-and in the third case with a ve-
locity of 1425 feet in 1°; so thatin passing through
50 feet of air, the bullet lost a velocity of about
120 or 125 feet in 1% and the time of its passing
through that space:being about wi: ar % of 1/, the
medium quantity'of resistance: must, -in these in~
stances, have been about 120, times the weight of
the ball, ‘which (as the ball was nearly % of a
pound)-amounts ¢o about 10lb. ?avoil"du"fo’xs; I

. Now ifa computation be madeaccording to the
method laid down forcompressed fluids in: the 38th
proposition, hib. 2. of- Sir Jsaac Newton's Prin-
cipea, supposing the weight of waterito be to'the
weight of air, as:850 to 1, it will be found, that
the resistance to a globe of 1 of an‘inch diaméter,

- moving with a- velocity of about 1600. feet. im

1", will not, on thosei principles; amount to .any
- more than aforce of: 4}lb. avoirdupois; when¢e;

as we know, that the rnles contaiged in that prox
osition: are very accurate in slow motions, we may
ce conclude, that the resisting power of the an’

i slow motions is less than in switt motions id the

ratio of 4% ‘to 10, a proportion between that of I

-Again, I charged the same piece, a number of
timies,” with equal quantities of powder, and balls
of the same weight, taking all possible care to -
give to ‘every shot.an equal velocity ; and firing
three times, against the pendulum, placed 25 feet
only. dist#irt from the mouth of the piece, the
 medjuth of the velocities with ‘which the ball im-~
pinged, - was -nearly that of 1690 feet in 1“: then
removing the piecg- 175 foet from the pendulum,

I found, taking the medium of five shots, that the-

velocity. with which the ball impinged; at this dis-
tance, was that of. 1300 feet in' I¥; whence the

ball, ‘in passing through 150 feet of air, lost a
velocity of about»’sgol feet in 1'; and the resist-
. ' 3 ance
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‘ance computed from -these numbers. comes ont
something more than ‘in the:precediig instance, it
amounting ‘here  to between 11 and 12 pounds,
avoirdupois; whence, according’ to . these experi-
ments, the resisting power of -the air to swift mo-
tiens is greater than In slow ones in a ratio, ‘which
approaches nearer to the ratio.of 3 to i, than in
'tge preceding experiments. ¢ R
Having -thus ascertained the resistance to.a ve-
locity of«nedrly 1700 feetin 1°, which must be al-
lowed ‘to. he more than sufficient for leaving a
vacuum behind the ball, - I next examined the re-
sistance to smaller.velocities; and for this. purpose
I .chargdd the same bavrel-with . balls of the same
diameter, butwith' less powder; and placing the .
perrdulum at 25 feet distance- from tﬁe piece, . I
fired .dagainst. it.five times 'with- an equal charge
each time; the medium velocity, with whic¢h the
ballimpinged, . was: that of 1180 feet in 1°; then
removing ‘the pendulum. to the :distance. of 250
feet, -the - medium. velocity of five shots:made at
this-distance wps that of 950 feet in 1*;. whence
the ball, in passing :through 225 feet of aixr, lost
a velocity :of 230 :fect in:.1"; and as it passed
through that interval in about % of 1, the resist- -
ance to the middle velocity will. .comé aut to be
near’ 33; times.the .gravity of the ball, or 2lb.
100z. avoirdupois.. Now..the resistance to the
same velocity, according ta.the laws: observed in
slower motions, .amounts.te % nf thé same quan-
tity ;, whenee, in a velocity..of .1065. feet -in 1%,
.the resisting power of the air.is.augmented in no
greater a proportion than that of 7 to 11; whereas
~ we have seen, in the former ¢xperiments, that to
still greater degrees of velocity, the augmentation
approached very near to the ratioof 1 to 8. = -
But farther I fired three shot, of the same size
- and weight with those already mentioned, over a’
~ large piece of water; so that their dropping inﬁw
: ' the -

~
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the water being very discernible, both the distance-
and time of their flight might be accurately as-.
certained ; each shot was discharged with a velo-
city of 400 feet in. 1’; and I had satisfied myself,
by many. previous trials of the same charge with
the pendulum, that I could rely on this velocity
to 10 feet in 1°. The first shot flew 313 yards:
in 4"}, the second flew 319 yards in 4, and the
third 373 yards in 54. According to the theory
of resistance established for slow motions, the first
shot ought to have spent no more than 8',2,* iniits.
flight, the second 8,28, and the third 4"; whence °
it is evident,; that every shot was retarded consi-
-derably more than it ought to have been, had that
theory taken place in its motion: .consequently,.
the resisting power of the air is very sensibly .in-
creased, even in so small a velocity as that of 400
feetin 1”. . P Lo
From all that we.have related then,. it appears;.
that the theory of the resistance of the. air, ;esta=
“ blished in slow motions by Sir Jsaac Newton, and
confirmed by many experiments, is altogether er-
roneous, when applied to the swifter motions of
musket or cannon-shot; for that, in these cases,
the resisting power of the medium is augmented
to near three 1 times the quantity assigned by that

: - I4 . theory ;

* The force being inversely as the square of the time, and
3.2%: 4,25 : : 10 : 17.6 ; therefore the increase is here from
10 to 17,6, .or from 1 to 1,76 or 1% nearly : thatis, to the
velocity of 313 yards or 939 feet per second, the actnal resist
ance was about 13 of that computed by the square of the velo-

- city. And this nearly agrees with what I have found by experi.
ment with cannon balls ; as may be perceived in page 365, vol.ii.
of m}'l" Philosophical Dictionary. H.

+ The increase to three times the quantity is certainly too
great, both according to Mr. Robins’s foregoing experiments, and
to my own, made with cannon-balls. Indeed, Mr. Robins’s are
not exactly conformable to each other, made at different times,
with velocities either equal or unequal, and thus manifesting some
degree of inaccuracy in thti ixpetiments, as might be exp%i:e:
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theoty ; that, however, this increased power of
resistance deminishes as the velocity of the resisted
body diminishes, till at length, when the motion
is sufficiently abated, the actual resistance coincides
with that supposed in the theery; that therefore
the resistance is not:in the duplicate proportion of
the veloeity of the mioving.-body, as is usually as-
serted, but varies from that proportion avcording
to-the different compression of the fluid compared
with the velocity ; consequently, from the consi-
deration of these particulars, w¢ may venture to
assert, that whilst the resistance of the air was
thus imperfectly and faultily conceived, the track
“of musket and cannon shot through that medium
cbuld not be asoertained with the least degree of
certainty ; and therefore the art of gunnery could
het but contimire extremely imperfect: however, it
is not sufficient to have shewn the resistance to be
augmented in great velocities, beyond what has
been usually supposed ; but, that we may be enabled -
more definitely vo:compute the motion of projec-

tiles, it is necessary that we should assign. the rate

of this augmientation according to the different ve-

locities of the:tesisted body. This shall be the suh-

Jeet of our next proposition.. :

PROP. 111

- ¥o assign ‘the differeat augmentations of the re-
sisting power of the air according tbithe differ-

ent velocities of the resisted body. .

A no large shot are ever projected in practice
with velocities exceeding that of 1700 feet in 17,
R R .
from his manter of making them with only mavket balls, ond
with machinery less perfect than mine, thade with camoh balis.
However, the greatest increase that Mr. Robins found, in pags
133, i only 4% to 10, or 1 to 2}, cotdiderubly short of 1 to
3; wherels the greatest increase in-my eipesitvents, s xwther
short of 1 t0 245, H. ‘
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I have not as yet made any. experiments on the
resistance of bodies which have moved with a
swifter motion than this, ‘esteeming the determi-
nation of the variation of the resistance to all les—
ser velocities, to be sufficient for the purposes of
tl‘is ‘treatiwo . o °
According to the trials I have made, the resist-
ing power of the air to velocities less than that of
1700 feet in 1", may be thus necarly exhibited:

[ 3 4 Y
— IR b -y

A G B . . D

Let AB be taken to AC in the ratio of the velocity
of 1700 feet in 1", to the given velocity to which
the resisting power of the air is required ; conti-
nue the line AB to D, so that BD may be to AD,
as the Pesisting power of the air to slow motions
is to its resisting power to a velocity of 1708 -
feet in 1%, then shall CD be to AD, as the re-
sisting power of the air .to slow motious, is to its
" -resisting power to the given velocity represented
by AC.* ,

PROP.IV.

To determink the welocivies with which musket and
cannoxn-shot are discharged from their-respecta
tve pieces by their usual allotment of pewder.

qu[bhe computations of the 7th proposition of
the 1st chapger, coufirmed by the succeeding ex-
peritnents,. it plainly appears, that a leaden ball of
" 3 of an iach in diameter,. ard weighing nearly
130z, avoirdupois, if it ‘be fired from a barrel of
45 inches in length, with half its aeight of paw-.
- der, will issue from that piece witha velocity \t‘ﬁd;;

_* Tnstead of this rule, if we employ 'thé'ac(qil i-:e.';is'ta,'ncje"xsgn
.~ down for every degree uf ‘velocity, in my generul table qautéd
* in'the two preceding notes, we shall come nearer the truth, H.,

' B 1 - .
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if it were uniformly continued, would carry it near
1700 feet m 1°. . PR
If instead of aleaden ball, an iron ome of. the
same diameter was placed in.the same sttuation in
~ the same piece, and was. impelled by the same
quantity of powder, the velocity of such an iron
bullet would be greater than that of .the leaden
one, in the subduplicate ratio of - the specific gra-
vities of lead and iron; and supposing that ratio
to be as 3 to 2,"and computing on the principles
laid down in the last-cited proposition, it will ap-
pear, that an iron bullet of 241b. weight, shot
from ‘a piece of 10 feet.in length, with 16lb. of
powder; will acquire from the explosion a velo-
city 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 241b. weight is discharg-
ed with, when it is impelled by a full charge of
powder; but if, instead of a quantity of powder
weighing two-thirds of the ball, we suppose the
charge to be only half the weight of the ball, then
its velocity will, on the same principles, be no more
than at the rate of 1490 feet in 1”; and the same
would be the velocities of every lesser bullet, fired
with the same proportions of-powder, if the lengths
of all pieces were constantly in.the same ratio with
the diameters of their bore: and althoygh, ac-
cording to the usual dimensions of the smaller
icces of artillery, this proportion:does not always
1d, yet the differénce is not  considerable enough
to octasion a very great variation from the veloei-
ties here assignéd ; as will be obvious to any one,
who shall make a computation thereon. o
- But in these determinations, we. suppose -the
windage:to be no more, thin is just necessary for
the easy putting down the bullet ; whereas, in real
service, either through negligence or unskilfulness,
it often happens, that the diameter of the bore sg
BTSN 1. muc
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-much exceeds the diameter of the bullet, that great

part of the -inflamed fluid escapes by its side’
whence the welocity of the shot, in this case, may
be considerably less than what we have nssngne«f
However, part of this may possibly be compen-
sated by the greater heat, which (as we have ob-
served 1n the sixth proposition) in all probability
attends the firing of these large quantities of pow-
der. - . - : :

COROLLARY.

- From the.great velocity of cannon-shot, assign-
«d in this.proposition:we may. clear up. that ditfi-
culty, which has driven some writers, on the com-
mon theory of gunnery, into a very extraordinary
hypothesis.- - ‘Fhe- difficulty, 1 mean, is.the extent
of the supposed point-blank shot, or the distance -
10 which it is conceived to fly in a straight line.
Our Anderson having found, by manyexperiments,
that the track. of shells and bullets, . in the first
part -of their mction, ‘was:much less ineurvated,
than what it.ought to'be on the principles of
Galileo, when compared with. the distant ranges,
he ‘supposed, in -order to.reconcile this ‘circum-
stance with-his theory, that every shot was im-
pelled to a certain distance from the mouth of the
piece, . in a straight line, or that for some. distance
it was no ways affected by the action of gravity.
By this means he defended, as he thought, the
hypothesis of a parabolic' motion, 'and at the same
time assented to the vulgar opinion of the prac-
tical writers, who, in general, asserted.the same
thing. But.could no. better account be given of
his experimerits, it would yet be unnecessary, I
présuine, formally to confute so strange a'suppo-
sition as that of the suspension of the action.of
gravity. Indeed, Anderson was deceived, by his

not knowing how greatly the primitive velocity of | -

the
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the heaviest shot is diminished in the course of its
flight by the resistance of the air. And the received
opinion of practical gunners, is not more difficult

to account for, since, when they agree, that every =

shot flies in a straight line to a certain distance
- from the piece, which imaginary distance they
have denominated the extent of the point-blank
shot, we need only suppose, that within. that dis-
tance, which they thus determine, the deviation
of the path of the shot from a straight line is not -
very perceptible in their method of pointing. Now,
as a shot of 24lb. fired with two thirds of its
weight in pewder, will, at the :distance of 500
yards from the piece, be separated from:the line
of its original direction, by an angle of litte more
than half a degree; those, who are acquainted
- with the inaccurate methods often used in the di-
recting of cannon, will easily allow, -that so small
" an aberration as this may, by the generality of
practitioners, be unattended to, .and. the path of"
“ the shot may conséquently be deemed:a straight
~ line, especially as other causes of error .will often

* " intervene, much greater than what arises from the

incurvation of this line by gravity. Lo
In the present proposition, the-velocity of a shot

" . isdetermined, botb when fired with two thirds of

" its weight of powder, and with half i1s' weight of
powder, respectively ; and, .on this occasion, I must
remark, that on the principles of the theory, which
we have ascertained 1n this treatise, the increasing
the charge of powder will increase the velocity of
the shot; till the-pqwder arrives at a certam quan-
tity ; after-which, if the powderbe increased, the
velocity of the shot will diminish. The quantity
producing the greatest velocity, and the proper-
tion between that greatest velocity and the velocity
communicated: by greater and lesser charges, may
be thus assigned. - o Le
t

7
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Let AB represent the axis.of the piece; draw
AC perpendicular toit, and to the asymptotes AC
and AB, describe any hyperbola LF, and draw
BF parallel to AC; find -out now the point D,
where the rectangle ADEG is equal to the hyper-
bolic area DEFB, then will A(b -represent that
heighth of the charge, which communicates the
greatest velocity to the shot; 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 powder, contained in this charge, is
easily known®.. . .

If, instead of this charge, any other, filling the
cylinder to the height Al, be used, draw IH pa-
rallel to AC, and through the point H, to the
same asymptotes AC and AB, describe the hyper-
" bola HK ; then the greatest velocity will be to the
velocity communicated by this charge Al in the.
subduplicate proportion of the rectangle AE, to .
the same rectangle diminished by the trilinear
space HKE. All this easily follows fram the prin-
ciples laid down in the 7th proposition of the 1st

chapter.
_ PROP.
\.

* See this rule otherwise investigated in my Course of Mathe.
matics, vol. 2. p, 851, edit. 4th. But the same thing deter<
mined by experiments is rather less than this number 2,71828,
in all the various lengths of cannon; as may be there seen, H.
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PROP. V.

IWhen a Cannon-Ball of 24lb. weight, fired with
a full Charge of Powder, first issues from the
Piece, the Resistance of the Air onits Sug'ace
amounts to more than twenty Times its Gra-

Cwvity.
Fon we have shewn, /in the second proposition
of the present chapter, that the resistance of the
air on the surface of a bullet of ; of an inch dia-
meter, moving with a velocity of 1670 féet in 1°,
amounted to 10lb. Now we have séen, in the
last proposition, that an-iron’ bullet weighing 241b.

- if fired with 161b. of powder, (which is usually

esteemed its proper battering’ charge) acquires a

velocity of about 1650 feet 1n 17, scarcely differ-

ing from the other; whence, as the surface of this
last bullet is more than fifty-four timnes greater
than the surface of a bullet of % of an inch n dia-
meter, and their velocities are nearly. the same, it

- follows that the resistance on the larger bullet will
amount to more than 540tb.* which is near twenty-

three times its own weight.

SCHOLIUM.

~ 'We have observed, in the introduction, that the
theorists, who huve professedly written on the sub-
ject of gunnery, have generally agreed in suppos-
ing the flight of shot and shells to be nearly in the
curve of a parabola ; and it is against this hypo-
thesis that the two last propositionsare particularly

aimed. ‘ o
. For the reason, which has been given by these
authors, in support of their opinion, is the sup-
: posed

* By my cxperiments, the fesiéhnce amounts to more than
560lb, or 24 times the weight of the ball. W, . -
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posed inconsiderable resistance of the air; since,
as it is agreed on all sides, that the track of pro-
jectiles would be a parabola, if there was no resist-
ance ; -it has from thence been too rashly conclud-
ed, that the interruption, which the ponderous
bodies of shells and bullets would receive from so
rare a2 medium as the air, would be scarcely sensi-
ble, and consequently that their parabolic flight
would be hereby scarcely affected. - i

Now the prodigious resistance of the air toa
bulilet of 24lb. weight, such as we have here esta-
* ‘blished it, sufficiently confutes this reasoning; for
how erroneous .must that hypothesis be, which
neglects as inconsiderable, a force, which-amounts -
to more than twenty times the .gravity of the
moving body? However, we shall not content
ourselves with having demonstrated the reality and -
quantity of the ai’s resistance, but we shall pro-
ceed. to a more particular examination of the flight
of bodies in that medium, where we shall evince,
by many experiments, how greatly the track, de-
scribed by almost every projectile, deviates in every
circumstance from what it ought to be on the ge-
nerally-received principles. Buit, first, it is neces-
sary to- assume a few particulars, the demonstra-
tions of which may be found in almost every
writer on the common theory of falling bodies.

- Post. 1. If the resistance of the air be so small,
that the motion of a projected body be in the curve
of a parabola ; then the axis of that parabola will
be perpendicular to the horizon, and consequently
the part of the curve, in which the body ascends,
. will be equal and similar to that in which it de-

scends. B

"~ Post. 2. If the parabola, in which the body
moves, be terminated on a horizontal plain ; then
the vertex of the parabola will be equally distant
'from its two extremities. 3

Post. 3. Also the moving body will fall on that

' , . horizontal
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- horizontal plain in the same angle and the same
velocity, with which it was first projected.
Post. 4. If a body be projected in different an-
gles, but with the same velocity ; then its greatest
horizontal range will be, when it is projected in
_ an angle of 45° with the horizon. .
. Post. 5.. If the velocity, with which the body is

projected, be.known, then this greatest horizontal
range may be thus found: compute, accarding to

the common theary of gravity, what space the pro-

Jjected body ought to falt through to acquire the

velocity, with which it is projected ; then twice

- that space will be the greatest horizontal range, or

the horizontal range, when the body is projected

in an angle of 45° with the horizon.

Post. 6. The horizontal ranges of a body, when
projected with the same velocity, at different an-

. gles, will be between themselves, as the sines of
‘twice the angle, in which the line of projection is
inclined to the horizon. . C

Post. 7. If a body be projected in the same an-
gle with the horizon, but with different velocities;
the horizontal ranges will be in the duplicate pro-
portion of those velocities.. R _

These postulates contain the principles, on which
the motions of projectiles are computed by the
modern writers on the art of gunnery.

If any of these postulates hold not true, when
applied to the motion of a projectile, then that
projectile deviates in its flight from a parabolio
track ; we shall .therefore effectnaily .destroy the
common theory of projectiles, if we can shew, that,
in general, none ol? these postulates correspond to

_the observed motions of thoese bodies.

> . -
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PROP. VI.

The Track described by the Flight of Shot or
Shells is neither a Parabola, nor nearly a
Parabola, unless they are projected with small .
Velocities. o '

Fox .we have determined, in the fourth proposi-
tion of the present chapter, that a musket-ball 3
of an -inch in diameter, fired with half its weight
of powdel, 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 parabola, its hori-
zontal range at 45° would be found, by the fifth
postulate, to be about 17 miles. Now all the
practical writers assure us, that this range is really
short of half a mile. Diego Ufano assigns to an:
arquebuse, 4 feet in length, and carrying a leaden
* ball of 14 oz. weight (which is very near out di-
mensions) an horizontal range of 797 common
paces, when it is elevated between 40 and 50 de-
grees, and charged with a quantity of fine powder
equal to the weight of the ball. - Marsenus too tells
us, that he found the horizontal range of an ar-
.. quebuse at 45° to be less than 400 fathom, or
. 800 yards; whence, as either of these ranges are
short of half an English mile, it follows that a
musket-shot, when fired with a reasonable charge
rof powder, at an elevation of 45, flies not the %
part of the distance it ought to do, if it moved in
a parabola.’ . b
Nor is this great contraction of the horizontal
range to be wondered at, when it is considered, -
that the resistance of this bullet, when it first issues
from the piece, amounts to 120 times its gravity ;
as has been experimentally demonstrated in the
second proposition of the present chapter. ,
Again; lest it should be said, that this aberra-
tion of the flight of a mlt{lsket-ball from the curve
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of a parabola, 8 mo proof but that heavier shot,
whose resistance is much less in proportion to their
weight, may sufficiently coincide “with.the com-
mon hypothesis ; our next instance shall be in an
iron bullet of 241b. weight, which is the heaviest
in common use for land service. Such a bullet,
fired from a piece of the customary dimensions,
with its greatest allotment of powder, has a velo-
city of 1650 feet in 1, as we have determined in
the fourth proposition of the present chapter.—.
Now if the horizontal range of this shot, at 45°
be computed on the parabolic hypothesis by the.
fifth postulate, .it will come out to be about 16 |
- miles, which is between-five and six times its-real
. quantity ; for the practical writers all agree in
making- it less than three miles: and St. Remy
informs us of some experiments made by Mr. du
AMetz, in which the range, at 45°, of a piece ten
feet in length, carrying a ball of 24lb. and:charged.
with 16lb. of powder, was 2250 French fathom,
which is 222 fathom short of three miles ; conse-
quently an iron bullet of 24lb. weight, when im-
pelled with its full allotment of powder, flies not,
" at 45° to the fifth part of the distance which it-
ought to do, if it described the curve of -a para-.
bola. : - o
But. farther, it is not only when. projectiles are
moved with these very great velocities, that.their
flight sensibly varies from the curve of a parabola ;.
the same aberration often takes place in sucl,. as,
move slow enough to have their motion traced out’
by the eye ; for ihere are few projectiles,. that can
be thus examined, which do not visibly disagree
with the first, second, and third postulate, they
obviously descending through a curve which 1s.
shorter, and less inclined to the horizog, than that
in which-they ascended ; also the highest point of
- their flight, or the vertex of the curve, 1s. much
nearer to the place, where they fall on the _grou}rlxd,
’ than

\



OF GUNNERY. 147

than to that from whence they were at first dis-
charged.  These things cannot be a moment doubt-
ed of by one, who'in a proper situation views the
flight of stones, arrows, or shells, thrown to any
considerable distance. . ’

I have found too by experience, that the fifth,
sixth and seventh postulates are excessively erro-
neous, when applied to the motions of bullets
moving with small velocities : a leaden bullet } of
an inch in diameter, discharged witha velocity of .
about 400 feet in 1°, and in an angle of 19° 5,
with the horizon, ranged on the horizontal plane,
no more than 448 yards; whereas its greatest ho~
rizontal range being found by the fifth postulate,
to be at least 1700 yards, the range at. 19° 5/,
ought, by the sixth postulate, to have been 1050
yards ; whence, in this experiment, the range was.
not 3 of what it must have been, had the ecommon.
received theory been true.’ : :

~ Again, a ball was fired with the same velocity -
as in the last experiment, but at an elevation of*
9° 45, its horizontal range was at a medium 330
yards. ’ ' . }

Now this range, according to the fifth and sixth
postulates, (if its original velocity be considered)
should have been 566 yards. But if it were to be
deduced from .the last experiment, by means of
the sixth postulate, it should have.been no more
than 241 yards; either of which numbers are ex-
tremely distant from 330. -

Again, a ball being fired at an elevation of 8°,
but with a velocity o’t? 700 feet in 1", the horizon-
tal range at a medium was 690 yards. v

But computing this range from the original ve--
locity of the projected body, according to the fifth
-and sixth postulates, we shall find, that if the theo-
ry, on which those postulates are founded, . could
be relied on, the range in the present instance ought
to have been 1400 yards ; whence it appears, that

’ "Kg o . the
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the body flew not to half the distance which, had
it moved in a parabola, it ought to have done.

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

-Now this range, it deduced from the last ex-
periment by the sixth postulate, should not have
been more than 350 yards; hence then is evinced
the falsity of that postulate, and consequently of
the parabolic hypothesis, on which it is founded.

I'faving thus proved, that the track -describéd
by the flight, even of the heaviest shot, is neither
a Earabola, nor approaching to a parabola, except
whenthey are projected with very small velocities;
we shall ‘refer to a second part, a more distinct
explication of the nature of the curve, which these
bodies really trace out in their motion through the
air: but, as a specimen of the great complication
of that squect, I shall here insert an account of a
very extraordinary circumstance, which frequently
takes place therein. - .

.~ As gravity acts perpendicularly to the horizon,

-1t is evident, that 1f no other power but gravity
deflected a projected body from its rectilinear

eourse, its motion would be constantly pertormed

in a plane perpendicular to the horizon, passing

through the line of its original direction: but we

have found, that the body in its motion often de-

viates from this plane, somctimes to the right-
hand, and at other times.to the left; and this in

an incurvated line, which is convex towards that
plane; so that the motion of a bullet is frequently

mm a line having a double. curvature, it being

bent towards the horizon by the force of gravity,

and again bent out of its original direction, to the
right or left, by the action of some other force:

_in this case no part of the motion of the bullet is
~ performed in the same plane, but its track will lie
“1n the surface of a kind of cylinder, whose axis is
1 perpendicular
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perpendicular to the horizon. The truth of this
assertion we shall evince by indisputable experi-
ments. '

PROP. VIL..

Bullets in their Flight are not only depressed
beneath their original Direction by the Action
of Gravity, but are also frequently driven to
the right or left of that Direction by the Ac-
tion of some other Force. '

‘ I F it was true, that bullets varied their direction
by the action of gravity only, then it ought to -
happen, that the errors, 1n their flight to the right
or left of the mark they were aimed at, should
increase in the proportion-of the distance of the
mark from the piece only : but this is contrary to
all experience; the same piece, whieh will carry
its bullet within an inch of the intended mark,
at 10 yards distance, cannot be relied on to 10
inches mm 100 yards, much less to 30 inches in
300yards. This increase of the uncertainty of the
shot in great distances, more than in the propor-
tion of those distances, must have been observed
by all, who have been at any time conversant -
with the practical part of artillery. Now this in-
equality can only arise from the track of the bul-
let being incurvated sideways as well as down-
wards ; for by this means the distance between -
that incurvated line, and the line of direction,
will increase in a much greater ratio-than that of
the distance; these lines being coincident at the
mouth of the’ piece, .and afterwards separating in
the manner of a curve and its tangent, if the
mouth of the piece be considéred as the point of
contact. - o o
But that those, who have not been themselwcs
accustomed ta those matters, may entertain na
doubt about what we here assert; I shall recite

K 3 somy" '
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some experiments, I have made, -which will put
. the matter out of all question. /

I took a barrel carrying a ball of § of an inch
diameter, and fixing it on a heavy carriage, I sa-
tisfied myself of the steadiness and truth of its
direction, by firing at a board 1; foot square,
which was placed at 180 feet distance; for I

“found, that 1n 16 successive shot I missed the
" board but once. Now the same barrel being fixed
‘on the same carriage, and fired with a smaller quan-
tity of powder, so that the shock on the discharge
would be much less, and consequently the direc-
tion less changed, I found, that at 760 yards dis-
tance, the ball flew sometimes 100" yards to the
right of the line it was pointing on, and at other
times 100 yards to the left. 1 found too, that
its direction in the perpendicular line was not less
uncertain, it falling one  time above 200 yards
short of what it did at another; although, by the
nicest examination of the piecc after the discharge,
1t appéared not to have the least started from the
position it was placed in.* ,

This then sufficiently confirms the proposition,
since it was impossible the bullet could have flown
in the manner here ‘described, had nat the line of
its flight been bent round to the right or left as
well as downwards. C S

'SCHOLIUM, '

The reality of this doubly-incurvated track be-
ing thus demonstrated, it may perhaps be asked,
what can be the cause of a motion 3o different

: from

# The uncertainty of shooting with these leaden bullets ap.
pears to be very great : it is not probable, however, thatitcan
be so great in shooting with cannan-balls ; because these are
. commonly cast rounder, and, Leing of iron, have not their fi-

gure changed by the action of the powder, nor by striking
against tlie sides of the bore. H. . : -



from what has been hitherto sdppoéed? And to
this I answer, that the deflection in question must
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be owing to some power acting obliquely to tlie .

progressive motion of the body, which power can
be no other.than the resistance of the air.* If it
be farther asked, how the action of the resistance

of the air can at any time be in a line oblique

to the progressive motion of the body ? 1 farther
reply, that it may sometimes arise perhaps from in-
equalities in the resisted surface, but that its gene-
ral cause is doubtless a whirling motion acquired
by the bullet about its axis; for by this motion
of rotation, combined with the progressive motion,
each part of the bullet’s surface will strike the air
in a direction very different from whatit-would do,
if there was no such whirl ; and the obliquity of
the action of the air arising from this cause will
be greater, according as the rotatory motion of the
bullet is greater in proportion to its progressive
motion. . .

I have now finished all that I {:ro'posed to deter-
mine in this place, relating to the force of pow-
der and the résistance of the air: but as the know-

ledge of the resistance of solids to the penetration-

of shot is of great imsmrtan'ce in the practical
part of gunnery, especially in battering in breach;
I shall end the present treatise with-a proposition
. relating thereto, which is as follows.

* This assertion would require some modification, as the chief

part of the deviation in the flight must be owing to the irregular.

formation of the ball, both as to its internal structure, and want
of roundness on the surface. H.

K4

-
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PROP. VIII.

 If Bullets of the same Diameter and Density im-
- pinge on the same solid Substance with differ-
ent Velocities, they will penetrate that Sub-

~

stance to d%’erent Depths, which will be in the

duplicate Ratio of those Velocities nearly.
And the Resistance of solid Substances to the
Penetration of Bullets is uniform.

T ue first part of this proposition I have found
to bé true in a great number of instances; for
when a leaden bullet 3 of an inch in diameter, was’
fired against a solid block of elm, with a velocity
- of about 1700 feet-in 1%, T found, that in a great
number of trials it had penetrated from 4; to 5%
inches deep. When a bullet of the same size was
fired against the same block, with a velocity of
about 730 feet in 1", its outer surface was always
near ¢ of an inch within the surface of the wood,
so that its penetration was at a medium about 1
“inch; or, ifthe cavity be considered, and reduced
to a cylinder, about } of an inch ; and with a velo-
city of 400 feet in 1%, the bullet penetrated the
same block usually to about half its substance,
which, reduced to a cylindric cavity is 4 of an
inch in depth.
- Now 55, 10, 8, are nearly in the duplicate pro-
portion of these velocities; whenge, if the pene-
tration to the greatest velocity be supposed 5 inches,
the penctration of the others ought by the propo-
sition to be 1+ and % of an inch respectively ; and

these numbers scarcely differ from Z and '}, which -

are what we have found in our experiments; a
greater coincidence than this cannot be expected,
when the unequal texture of the same piece of
- wood, and the change of the form of the bullet
by the stroke, are considered. .
Now, from the penetration being in the dupli-
‘ : cate
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cate proportion of the velocity of the impinging
body, the uniform resistance of the wood 1s easily
evinced on the same principles, that the uniform
action of gravity is demonstrated from its com-
municating to falling bodies velocities in the subdu-

plicate proportion of the spaces they descend
through, or from the rising of bodies when

projected upwards, to heights which are in the
duplicate proportion of the velocities, with which
they begin to ascend.* ‘

* These experiments with leaden bullets, which change their

figure by the stroke, are not so proper to determine this point,
as cast iron balls, witi which I have made many experiments;
By which it appears both that the penetrations, with the higher
' charges, fall short of the above proportion; and that the re-
sisting force of the wood is not a constant quantity. See some
of these experiments in several places of my Tracts, and soms
remarks in particular at p. 265. . =~

’

.
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An Account of a Book entitled, New Principles
. of ‘Gunnery, containing the Determination of
the Force of Gunpowder ; and an Investiga~
tion of the Resisting Power of the Air to:
swift and slow Motions ; as far as the same
relates to the Force of Gunpowder. Read:

- before the Royal Society, April 14 and 21,
1743, and printed in the Philosophical Trans-

. actions, No. 469. : : ‘

THlS treatise contains two chapters. The first:
treats of the force of gunpowder, and the velo- .
cities communicated to bullets by .its explosion: .
the second considers the -resistance of the air to.
bullets and shells ' moving with great velocities ;.
and endeavours to evince; that this resistance -is 5

much beyond what it is generally esteemed to be -
and consequently, ' that the track described by the
- - flight of .these projectiles, is very different from
what is usually supposed by the modern wrisers on .

"+ this subject. , o Lor s
The principal points endeavoured to be establish- -

- ed in the first chapter are these, ' ¢ That the force
“ of fired gunpowder is no more than the action

of a permanent elastic fluid, which is produced
by the explosion ; that this fluid observes the
same laws with common air in their exertion of
its pressure or elasticity ;” and consequently, .
That the velocities communicated to bullets:-byy
the explosion, may be easily computed from
the common rules, which .are established for.

‘. the determination of the air’s elasticity.” |

The two first propositions contain the proofs,
. that a permanent elastic fluid is constantly gene-’
rated 1n the explosion of gunpowder; this is.
‘ , o evinced
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evinced. by well-known experiments.daily repeat-
ed, and acquiesced in by all who have frequented
the usual courses of experimental philosophy, of
which these experiments generally make a part; sé
that the author presumes he may considér this
point as incontestibly established, at least he hus
never yet met with any who have questioned it.-

- The third proposition is, that the elasticity of
this fluid. produced by the firing of gunpowder, is,
c@teris paribus, directly as its density; and the
experiment by which this was confirmed, was
letting fall separately two quantities of powder,
the one double the other, on a red-hot iron in-
cluded in an exhausted receiver; and it appeared,-
by the descent of the mercury, that the elasticity
of the fluid produced fromthe double quantity of
powder, was-nearly doublé the elasticity of that
produced from the single - quantity; that is, the
_elasticity' was nearly as the density of the fluid. '

But it may perhaps be thought, that a single-
experiment is too slender a foupdation, on which
to build so material a principle; since all subse-
quent réasonings on the force of powder in some
measure depend. on it. Pnreply to this it may
be said, that the author recited this single expe-
riment on account of the great quantity of pow-
der made use of in it, which was three sixteenths
of an ounce; but that he had really made many
more equally conclusive, which he thought it un--
necessary to mention. However, those who doubt -
of this proposition, may satisfy themselves herein
by some experiments made by the late Mr.-

- Hauksbee before this Socrery, though with a

different view; where, by the firing of twenty-six'
quantities of powder successively, the mercurial
ﬁ: e was sunk from. twenty-nine inches and' a'

f, to twelve three fourths; for by comparing
these experiments together; and making the ne-
cessary allowances, it will be.found, that the elas-
, : ticity
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ticity was nearly proportional to the density in all
that variety of densities. o -

In this proposition, the analogy between the
fluid produced by the explasion of powder and
commpon air, is established thus far, that they

.exert equal elasticities in like circurastances; for/
this variation of the elasticity, in proportion ta
the density, is a well-known property of common

_ain. - But other authors, who, since the time of
Mr. Boyle, have examined the factitious elastie
fluids produced by burning, distillation, &c. have
carried this analogy much farther, and have sup-

. posed these fluids to be real air, endued with all
the properties of that we breathe; particularly
the reverend Dr. Hales, who has pursued this -
examination with the greatest exactness, in a se-
ries of the best contrived processes, constantly
affixes the denomination of air to these factitious
fluids; he having found, that their weight is the.
same with that of common air, and that they di-
“late with heat, and contract with coeld; and that
they vary their densities under different degrees
of impression, in the same proportion with com-
mon air; and from hence, and other circumstances
of agreement between them, he supposes them to
be of the same nature with air, and conceives
- them to be fitly designed by the same pame.

But so perfect a congruity between these fac-
titious fluids and air is not necessary for the pur-
poses of this treatise. The fundamental positions_
of this first chapter supposing no more, than that
the elasticity of the fluid, produced in the explo-
sion of guupowder, is always, ceteris paribus, as
its density ; and that the force of fired gunpow-
der is only the action of that fluid modified ac-
cording to this law. It has been already men-
tioned, on what grounds the first of these prin-
ciples hath been asserted, as contained in the third
proposition ; aud it remains to-explain the reasons

e : urged
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urged for the support of the last in the eight suc-
ceeding propositions.

The law of the ‘action of this fluid being de-
termined, two methods offer themselves for inves-
tigating the absolute force of powder on tHe bo-
dies it impels before it. The first by examining
the quantity of this fluid produced by a given
quantity of powder, and thence finding its elas-
ticity at the instant of the explosion; the other
by determining ‘the actual velocities communicat-
ed to -bulléts by known charges, acting through
barrels of different dimensions. The first is the
most easy and obvious, but the second the most
accurate method; and therefore the author has
~ separately ‘pursued each, and he has found that
.their concurrence has greatly exceeded his éxpec-
tation, and thereby both of them receive an ad-
ditional confirmation. '

The quantity of the elastic fluid, produced by
the firing of a given quantity of powder, is deter-
mined by firing it in an exhausted receiver, and
observing how much the mercurial gage subsides
thereby, making a proper allowance for the in-
crease of its elasticity from the heat of the in-
cluded hot iron. But then, as the subsiding of
the mercury is not measured till the flame of the
powder is extinguished, and the flame is reduced -
somewhat near the temperature of the external
air ;. it is evident that the elasticity thus estimated
is much short of what it really was in the instant
of explosion ; and, therefore, to obtain that elas-
ticity, which is the force sought, it is necessary to
make some estimate of the increase of the elas-
ticity of the fluid by the fire and flame of the ex-
plosion. For this purpose it is exaniined in the
_fifth proposition, how much the elasticity of com-
. mon air 1s increased 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

‘ something
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something more than four times; whence, as the.
fluid produced by any quantity of gunpowder
takes up, when compressed by the weight of the
incumbent atmosphere, a space something less -
than 250 times the bulk of the powder; it fol-
lows, that if its elasticity, in the instant of explo-

" sion, be supposed to be increased in the same pro-
portion with that of the air last mentioned, it be-
comes by this means about 1000 times greater than
the pressure of the atmosphere; that is, conceiving
/it to be contaihed in.that space only which the
powder occupied, before it was fired. '

Those who have not been conversant in these

experiments,” may possibly suppose that the elas-
ticity of the powder, at the instant of explosion, -
may be immediately known by the first sudden.
descent of the mercury : ‘but many circumstances
concur to render this method - impracticable;
amongst the rest, it must be remembered, that
seme air is-constantly left in the receiver, " which
is heated by the blast, and unites its effects, in the
first instant, with the action of the ‘powder; be-
sides, the first descent may be varied, by vary-
ing the tube, although all things else remain un-
changed. : : ] '

. By the method hitherto described, it is collect-
ed, that the elasticity of the fluid produced from
fired. gunpowder, when contained in the space,
which was taken up by the powder before the
explosion, is -about 1000 times greater than the
elasticity of common air, or, which is the same
thing, 1000 times greater than the pressure of the
atmosphere. C

But, besides the determination of the quantity

of fluid, produced by a given quantity of powder,
(the ~met£od on which this deduction i3 founded)
there is another ‘method of discovering the same
thing, which, though less obvious, is yet (as hath
been already observed) more accurate: that “is, ’
o ) . hyr

.
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by examining the actual velocities communicated
.to bullets by the exrlosion of given charges in
given cylinders; and this is the subject of the 7th,
gth, and 9th propositions.
"~ 'And first, it is evident, that this examination
cannot take place, unless a method of discovering -
the velocities of bullets be previously established.
Now the only known means of effecting this was,
either by observing the time of the flight of
bullets through a given.space; or by finding their
ranges when they were projected at a given angle,
and thence computing their velocity on the hypo-
thests of their parabolic nsotion.  The first of these
methods was often impracticable, and in all great
velocities extremely inaccurate, both on account
of the shortness of the time of their flight, and the
resistance of the air, The second is still more ex-
ceptionable; since, by reason of the air's resistauce,
the velocities thus found may be less in any ratio
givenp than the real velocity sought. Now, to
avoid these difficulties, the author has invented a
method of determining the velocities of bullets,
which .may be carried to any required degree of
exactness,. and is no ways liable to the foremen-
tioned exceptions; for, by thisinvention, the ve- .
locity of the bullet is found in any point of its
track, independcent of the velocity it had before it
arrived at that point, or of the velocity it would
have, after it had passed it: so that not ounly the
the original velocity, with which it issues from the
-picce, 1s hence known, but also its velocity -after
* 1t has passed to any given distance; and thereforé
the variations of its velocity from the resistance of
the air may be also ascertained with great facility.
" The machine for this purpose is described in the 8th
proposition, and the principle it is founded on, is
this simple axiom of mechanics; That if a body in
wotion strikes on another at rest, and they are
wot separated after the stroke, but move on with
_.one
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one common motion ; then that common motion is
equal to the motion, with whick the first body °
moved before the stroke : whence if that common
motion and the masses of the two -bodies are
known, the motion of the first body before the
- stroke is thence determined. On this principle
then it follows, that the velocity of a bullet may
be diminished in any given ratio, by its being
made to impinge on a body of a weight properly
proportioned to‘it; and hereby the most violent
motions, which would otherwise escape our exami-
nation, are easily determined by these retarded
‘motions, which have a given- relation to them.
Hence then, if a heavy body greatly. exceeding the
weight of the bullet, whose velocity is wanted, be
suspended, so that it may vibrate freely on an axis
in the manner of a pendulum, and the bullet im-
pinges on it, when it is at rest; the velocity of the
pendulum after the stroke will be easily known by
the extent of its vibration; and from thende; and
the kmown relation of the weight of the bullet and
the pendulum, and the position of the axis of os-
cillation, the velocity, with which the bullet is im-
inged, will be determined, as is largely explained
in the 8th proposition. Where note, that there is
a paragrapﬁ by mistake omitted in that proposi- .
tion, which should increase the velocity there found
in the subduplicate proportion of the distances of -
the points of oscillation and percussion from the axis
of suspension ; but this only affects that particular
number, for it was remembered in the computa-
tions of the succeeding experiments, the numbers
of which are truly stated.
It being explaimed how the velocities of bullets
may be discovered by experiment: the next consi-
deration is, from those veldcities to determine the

- force, which produced them. :

And the author thought, the best method of
effecting this was by computing, what velocities
’ L2 - would
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would arise from the action of fired powder, sup-
posing its force to be rightly assumed by the pro-
cess in the preceding part ; that is, supposing the
elasticity ot the fluid thence arising to be at first
1000 times greater than that of-common air; for
then, by comparing the result of these computa-
tions with a great number of dijfferent experiments,
it would appear, whether that force was rightly
,assigned ; and if not, in what degree it was to be
“corrected.

Preparatory to ‘this eomputation, the author
assumes, in iis 7th proposition, these two prin-
ciples : ' , .

Pl st, That the action of the powder on the bul-
lct ceases, -as soon as the bullet is got out of the
piece. : .
-2dly, That all the powder of the charge is fired,
and -converted into an elastic fluid, before the bul-
. let is sensibly moved from its place. "

“And in the annexed scholium: he has given the
arguments and experiments, which induced him to
rely on these postulates ; all which is necessary at
present .to discuss more at large.
" If the force of gunpowder was supposed capable

of being determined with the same accuracy and
rigour, which takes place in subjects purely geo-
metrical, the first ofp these postulates would be
doubtless erroneons, since it cannot be questioned
. but the flame acts in some degree on the bullet af-
ter it is out of the piece. S

But it is well known, that, in experimental sub-
jects, no such preciseness is attainable; for those
- versed in experiments perpetually find, that either
the unavoidable irregularities of their materials, or
the variation of some unobserved circumstance,
occasion very discernible differences in the event
of similar trials. Thus the experiments made use
of for confirming the laws of the collision of bo-
dies, have never been found absolutely to coiqc;:le

either
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€ither with the theory, or with each other. The
same is true of the experiments on the running and
sputing of water and othér fluids; and of the ex-
periments made hy Sir Zsaac Newton, for the con-
fimation of his theory of resistances; in which,
though they often difter from each other, and from
that theory by one-twentieth, one-tenth, and even
" sometimes one-fifth part; yet those small inequa-
lities have never been urged as invalidating his
conclusions ; since, in experiments of that nature,
it was rather to be wondered at, that the difference
between the different trials was so small, |

And if some minute irregularities are the neces-
sary concomitants of all complicated experiments,
it may be well supposed, that the action-of so fu-
rious a power as that of fired gunpowder, which
-visibly agitates and disorders all parts of the appa-
ratus made use of, cannot but be attended with

sensible variations; and it in fact appears, thatin = -

the table of experiments inserted in the 9th pro-
position, the velocities of bullets’ fired from the
same piece, charged with the same powder, and all
circumstances as near as possible the same, do yet
differ from each other by one-fiftieth, one-fortieth,
and sometimes more thal .one-thirtieth of the
whole; and yet the author does not conceive, that
these small differences are any exception to the.
conclusiveness of his principles ; but, he presumes,
that had he pretende(;), without disclosing his me-
thod, to have computed the force of powder, and
the velocities of bullets, in different circumstances,
to a much less degree of accuracy than this, he
should have been censured, as boasting of what
would have been thought impracticable.

If then the action of the flame on the bullet, af-
ter it is out of the piece, is so small as to produce
no greater an effect, than what may be destroyed
by the inevitable variations of the experiments,
the neglecting it entirely, and supposing no such

. L3 force

«
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force to take place, is both a convenient and a
‘reasonable procedure : for, indeed,. without the as-
sumption of postulates of this kind, it were imp.s-
sible to have proceeded one step in natural philo-
sO})hy; since no mechanic problem hath been ever
solved, in which every real inequality of the mov-
ing force hath been considererl.

Now what induced the author to suppose, that
this postulate (though not rigorously true) might
be safely assumed, was the consideration of the

- spreading of the flame by its own elasticity, as
soon as 1t escapes from the mouth of the piece:
for by this means he conceived, that the part of it,

- which impinged on the bullet, might be safely

- neglected; although the impulse of the entire flame
was a very remarkable force, ,

~ With regard to the second postulate, ¢ That all
“ the powder is fired before the bullet is sensibly -
“moved from its place;” it is incumbent on the
anthor to be still more explicit, as this Socrery
did some. time since appoint a committee for exa-
mining this very -position, who, after making-a
great number of experiments, have determined*,
That all the powder is not fired, before the bullet
is sensibly moved from®¢s place ; and they have,
at the same time, assigned the quantities remain-
‘ing unfired under different circumstances.

These det&minations of the committee are most
true ; but the author must observe, that from the
experiments recited by them, and the quantity of
unfired powdey, which they collected, it may be

-concluded, that in a barrel of a customary length,
charged with the usual quantity of powder, the

" deficiency of* veloacity occasioned by the powder
remaining unfired will be scarcely sensible; and in
the shortest barrel ever used by the author, where
the space, the bullet was impelled through, was
uot five inches, and where of course this deficiency
L : of

- -+ % GSee these Transactions,.No. 465. p. 172, &c.
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of velocity ought to be the greatest, it cannot
. amount to one-thirtieth part of the whole; and
consequently this postulate, though not rigorously
-true, may yet be safely assumed, in the investigat-
ing the effects of powder. But before this is more
Pparticularly examined, it is necessary to explain
the opinions, which have formerly taken place on
this subject. :

Those who have hitherto wrote on the manner,
in which powder takes fire, have supposed it to be
-done by regular degrees; the first grains firing
those contiguous, and they the next successively ;
and it has been generally thought, that a consi-
derable time was employed in these various com--
munications : for Mr. Daniel Bernoulli, in his
excellent Hydrodynamicq, has concludéd from
some experiments made at Petersburgh, that the
© greatest part of the charge escapes out of the

piece unfired, and that the small part, which is
‘fired, does not take fire till it is near the mouth.

Many theories too have been composed on the

time of the progress of the fire amongst the grains,

and the different modifications, which the force of
powder did thence receive ; and it has been gene-
- rally conceived, that the proper lengths of pieces
were determinable from this principle:  That

¢ they should be long enough to give time for all

“ the powder to fire.”

But the author being satisfied, that no such re-
gular and progressive steps could be observed in
the explosion ; and having found, that by loading
with a greater weight of bullet, and thereby al- -
most doubling the time of the continuance of the
powder in the barrel, its force received but an in-
considerable augmentation ; and finding too, that
doubling or trebling the usual charge, the pow-
der thus added always produced a correspon-
dent effect in the velocity of the bullet; and
discovering likewise in a piece near four feet in

L4 length,
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length, charged with a usual charge of powder,
that the velocity communicated to the bullet, dur-
ing the first three inches of its motion, was full
half the velocity, which it acquired in its whole
passage through the barrel, and that the elasticity
or force of the powder, in the first three inches of
its expansion, was, at a medium, near eight times
greater than in the last two feet of the barrel ; he
concluded from all these circumstances, that the
time employed by the powder in taking fire vas
not necessary to be attended to in these computa-
tions ; but that the whole mass might be supposed
to be kindled, before the bullet was sensibly moved
from its place. -

And the experiments reported by the committee.
are the strongest proofs, (as far as they extend)
that powder is not fired in the progressive manner
‘usually. supposed ; for when the short barrel was
charged with 12dw. and with 6dw. respectively,
the quantity of powder which was collected un-
fired from 12dw. did not exceed by 3 grains, at a
medium, what was collected from 6dw. although
the bullet was a less time in passing through'the
barrel with 12dw. than with 6dw. it having a less
way to move ; consequently the quantity remain-
ing unfired of the 6dw. did not continue unfired
for want of time, since, when the piece was
charged with 12dw. the additional 6dw. was con-
sumed in a shorter time. . L \

‘And again, when the barrel was so shortened,
that the bullet, being placed close to the wad,

lay with its outer surface nearly level with the
mouth of the piece, so that it had not more than
half an inch to move before the flame would have
liberty to expand itself; yet, even in this short
transit of the bullet, only 2dw. 1;gr. was collect-
ed unfired, at a medium ; which is about % of the"
whole charge, or, if properly reduced, not more
than 5 of the charge: an obvious confutatior} )
o
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of the gradual firing of the powder in its passage

through the barrel, and an easy proof, how small
an error will be occasioned by supposing the whole
charge ‘to fire instantaneously; since the error in
the velocity of the bullet, arising from a deficiency
of % of the charge, is ;% of that velocity only.

I say, that the }-of the charge, which remained

unfired, amounts to no more than %, when it is -

reduced as it ought. This reduction is founded on
the other experiments reported by the committee,
and on the circumstances of those trials, on which
“the author founded the present postulate. The au-
thor has supposed ‘the powder, on.which he reasons
in this treatise, to be of the same sort with that
made for the service of the government, a parcel
of which he was favoured with by Mr. Walton. But
this he chiefly kept for a standard, and generally
used other powders, which, on examination, he

found to be of equal force. These powders were

of a very small and even grain, and the committee

have found, that by sifting.the government powder, -

and making use of the smaller grains, the quantity
remaining unfired was less, at a medium, in the ratio
of 5 to 3, than when it was used without sifting.

. And again, it was found by extracting the salt-
petre from the powder collected unfired, that there
was less saltpetre contained in it than in real pow-

der, and this nearly in the ratio of 9 to 7: these

two proportions compounded, make the proportion
of 15 to 7, and in this proportion must the quan-

- tities of powder collected unfired be reduced, in -

order to determine the quantities of real po,w"der
"remaining unfired, in similar experiments made by
the author. .

And from hence it follows, that in the experi-
" ments made with a barrel 55 inches in length,

where the ball had not 3 inches to move, and where

the irregularity arising from the powder unfired
ought to have been the most sensible; the quan-
tity

’._'.
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tity of real powder collected unfired from a charge
of 12 dwt. would have been no more than 16 grains
at a medium, or +5 of the whole charge: and it
being found by experiment, that the velocities of
bullets placed in - the same situation vary in the
subduplicate proportion of the charges, the defiei-
ency of velocity arising from the loss of the %y of
-the charge, would be about 4%, of the whole velo-
eity only, which, in the present case, is not v -of
an inch in the chord of the arch described by the
pendulum measuring the velocity, and is a less dif-
ference, than what frequently occurs in the ex-
actest repetition of the same experiments.

Other circumstances occur, which reduce the in-
équality arising from the unfired powder still
lower; but it is thought, that this is fully sufficient
to justify the postulate in question, especially as,
in allicases of real use, the length of the barrel, in
proportion to the quantity of the charge, will be
much greater than in the present instance : whence
the author presumes, that, in computing the velo-
cities communicated. to bullets by the action of

+ powder, it may be safely sup{)osed, that the whole
charge is fired before the bullet is sensibly moved
from its place; at least there is no foundation,
from the experiments made on this subject by the
eommittee, to suspect, that when small-grained
powder is made use of, any greater irregularity
- will arise from the application of this supposition,
than what would otherwise take place from the in-
tervention of unavoidable accidents. i
It has been thought necessary to discuss more
at large these two postulates ; because the last of
them being almost in the very words of one of the
questions proposed to be examined by the com-
mittee of this Soc1eTy, and having by them been
determined in the negative, those who have not
attended to this subject might suppose, that there~
by the author’s principles were entirely overturn-
ed : now this would be a great injustice to him,

’\\ , since
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since/ he has not. relied on this postulate as rigo-
rously true; for he knew, and has himself taken
notice in the present proposition, that some of the
powder escapes unfired ; and he has there made
some conjectures on the cause of it: but, without
insisting on the reality of those conjectures, he
adds, that,” *“ Be that as it may, the truth of our
“ position cannot in general be questioned.” .
And though it appears, from what has been al-
ready said, that the experiments recited by the com-
" mittee rather confirm than invalidate the general
sense of that postulate; yet it is but justice to own,
- that they are a.full confutation of the conjectures
of the author in relation to the cause, why some
part of the powder comes out unfired; for the au-
tlior has supposed, after Diego Ufano; that the
part, which thus escaped, was scattered in the bar-
rel, and not rammed up with the rest; or else that
it was of a less inflammable composition : but the
experiments made on this occasion entirely destroy
. this supposition. ' ' o
As this, or any other conjecture on the cause of
this accident, (for it plainly appears not to be for
want of time only) has nothing to do with the ge~
neral reasoning of" the present treatise, it is not
- mnecessary to enter into it in this place; but it may
not be improper to mention, that, on computing
the quantities of powder collected from different
charges, one of the committee was led to conjec-
ture, that, what was thus collected, was only
parts of grains, that had been fired ; but were ex-
tinguished by the blast, before they were entirely -
consumed. This conjecture is strengthened by the
extreme minuteness of the particles of all the pow-
der, which was collected, and from the deficiency
of the saltpetre found in it on examination: it may
beadded too, that the author, by gradually heating
a parcel of powder, hath set it on fire, and:-blown
it out again, for at least a’dozen tiines successi;zeq-
o ' Yy 5

1
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- ly; and he will undertake to repeat the experiment

at any time, if it should be doubted of.
The postulates, hitherto discussed, are prepara-

“tory to the 7th proposition. That proposition is

employed 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 1s, supposing the elasticity of fired
powder to be at first 1000 times greater than that
of common air. .

In the ninth proposition these computations are
compared with a great number of experiments,
made in barrels of various lengths, from seven
inches to forty-five inches, and with different quan-
tities of powder, from 6 dwt. to 36 ; and the coin-

cidence between the theory and these experiments
‘is very singular, and such.as occurs in but few

philosophical subjects of so complicated a nature.
By this agreement between the theory and the
experiments, each part of the theory is separately
confirmed; for by firing different quantities of
owder in the samé piece, and in the same cavity,
1t appears, that the velocities of the bullet, thence
arising, are extremely near the subduplicate pro-
portion of those quantities of powder, and this in-
dependent of the length of the piece: whence it is

" confirmed, that the elasticity of fired powder in

various circumstances, is nearly as its density; and
this does not only succeed in small quantities of

{gowder, and in small pieces, but in the largest -
i

kewise, under proper restrictions; at least there
are experiments, which could net be influenced by
this theory, where the quantities of powder were

_above 100. times gredter, than what are used by

this author; and in these trials this circumstance

. takes place to sufficient exactness.

It is presumed then, that by . this thcox:y a near
estimate may be always made of the velocities com-

-municated to shells or bullets by given chaiges of

. powdcr;

/




‘ OF GUNNERY. y 173
powder; at least these experiments evince, how
truly the velocities of small bullets are hereby as-
signed ; and the author can shew by the experi-
ments of others, that in a shell of thirteen inches
diameter, impelled by a full charge of powder, the
. same principle nearly holds: itis true indeed, that
when the charge is much smaller than the usual
allotment of powder, there are some irregularities,
which are particularly mentioned at the end of the
9th proposition, to which head too, perhaps, must
be referred .the experiments made by the committee
on the effect of different small chambers; but in
the customary charges, the velocities of bullets
resulting from all the experiments hitherto made,
are really such, as the theory laid down in. the
preceding part of this treatise requires. And it
appears, that these velocities are much greater,
than what they have been hitherto accounted: and
there are reasons from the theory to believe, that
in cannon-shot the velocites may. still exceed the
present computation. * : .
The ascertaining the force of pewder, and
thence the velocities of bullets impelled by its ex-
plosion, and the assigning a- method of truly de--
termining their actual velocities from experiments,
are points, from whence every necessary principle -
in the formaticn or management of artillery may
be easily deduced : considering, therefore, thein-
finite import of a well-ordered artillery to every
state, the author flatters himself; that whatever
judgment may be formed of his success in these
inquiries, he will not be denied the merit of having -
* employed his thoughts and industry ona subject,
which, though of a most scientific nature, and of
the greatest consequence to the public, hath been
hitherto almost totally neglected ; or, at least, so
- superficially considered, as to be left in a much
more imperfect state than many other philosophi-

cal researches.

- With
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With regard to the second chapter of this trea-
tise, relating to the resistance of the air, the author
has in his preface, mentioned his intention of an-
nexing to it a series of experiments, on the real
track of bullets, 4s modulated by that resistance ;-
and therefore, as he proposes to complete those
experiments this summer, unless unforeseen acci-
dents prevent him; he chuses to postpone any ac-
count of the subject of the second chapter-.till that
time ; when he intends to lay the result of those
experiments before this Socrery, in order that
any exceptions or difficulties relating to them, may
be examined and discussed, before they are pub-
lished to the world. . '
** According to what Mr. Robins has said
above, he composed the five following tracts,
which are now first printed from his manuscript,
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oF I‘HI-‘
~ RESISTANCE OF THE AIR.

'THAT all bodies moving through the air have
their motions in some degréee impeded by the re-
sistance of that medium, is what, I presume, no
person, however slightly acquainted with phileso-
phical enquiries, will deny. But that the quantity

. of this retardation is so great, as to render it ne-

.cessary to.be considered in the determination of -
the ranges of all kinds of military projectiles, hath
been often and vehemently denied. And this not
so much by practitioners (whose opinions, though
extremely inaccurate, have perhaps on this occa-
sion been_ too much slighted) as by persons well .
skilled in mathematical learning, who have written -
professedly of the motions of projectiles, and whose
treatises on 'this subject are generally esteemed and
assented-to. For, if it were necessary, a large ca-
talogue of ‘geometets of note might be here pro-
duced, who have asserted, in their works, that, in
the operation of guunery, the resistance of the -
air was too minute to merit attention. And I do
not remember, that any author has formally or
expressly contradicted this position; whatever may
in general be.concluded, from what some of them -
have at times advanced as to the laws observed by
resisted bodies. Indeed (not to dwell longer on
this point) I may venture to affirm, that it 1s now
the almost universal opinion of those, who have
studied the doctrine of projectiles from the trea-
tises, which have hitherto been published thereon :
** That all shells and bullets in their flight do near-

“ly
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‘“ ly describe the curve of a parabola ; .and conse-
‘“quently, that the resistance of the air to the mo-
¢ tion of these bodies is altogether inconsiderable.”
The prejudices, then, of many persons, whose
reputations for knowledge weigh much with man-
kind, being thus contradictory to what I know to
be fact, both from reiterated experiments of my
own, and from geometrical deductions founded on
the unquestioned experiments of others ; it is high-
ly necessary to remove, in the most unexception-
able manner, these false positions, authorized hy
great names, and confirmed by the prescription of
ncar an age. For, till this is done, all attemnpts to -
compleat the theory and practice of gunnery must
necessarily be ineftectual : since, as.I am fully sa-
tisfied, that the resistance of the air is almost the-
only source of the numerous difficulties;- which
have hitherto embarrassed that science; it is evi-
dent, that till the reality and efficacy of this resist-
ance is once established, "it will be impossible to
procure a candid hearing to any discoveries that
may depend thereon, but, on the contrary, every
speculation-of this kind will be treated as ridicu-
lous and chimerical. '
To succeed then, in this necessary preliminary,
- I shall advance the two following propositions.
First, That the resistance of the air to a twélve
pound iron bullet, moving with a velocity of 25
fect in a second, is not less than half an ounce
avoirdupois. . '
Second, 'That this resistance is nearly in the du-
'Elicate proportion ot the velocity of the resisted
ody ; that is, that it is four times as much, when
-the tesisted body moves with twice the velocity ;
nine times as much, when it moves with three
times the velocity, and so on. B
- These ptopositions may be deduced from the ex-
periments recited in the 8th section of the 2d book
of Sir Isaac Newton’s Principia. But to rcmov;zl
' a
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* all doubt about them, and to prevent all future ex-

ceptions ; I do not choose to rely upon any autho-
rity whatever, but I propose to repeat to this so-
ciety some experiments of my own, which will
evince the truth of them by obvious and ocular
demonstrations. : ‘

Indeed, with respect to the second of these pro-
positions, it is true, that in great changes of velo-
city there is some variation from the rule here laid
down ; ‘but this is a variation, that will on the
whole increase, and not diminish the resistance.—

* And it is to be remembered, that I am not now

nicely assigning the laws observed by this resist-
ance in the most rigid and accurate sense ; but am
endeavouring, from a more lax and general idea of
its efficacy, to evince the necessity of its being
considered in the future theory of projectiles.

As I have often repeated the experiments, which
I immediately intended to produce to the society,
in proof of these propositions, I have no doubt of
their success ; I shall therefore for an instant sup-
pose, ‘that they have succeeded, and that the law
of the air’s resistance and its efforts against a 121b.

'shot, moving with'a velocity of 25 feet in a se-

“cond, is thefeby determined to be, what I have

A3

above assigned ; and from hence it will follow, that
to a velocity of 100 feet in a second (that is 4
times 25) the resistance of the air to the same shot
is not less than 16 half ounces, or half a pound
avoirdupois, and, proceeding on, we shall find, that
to a velocity of 500 feet in a second, it is not less
than 12lb.%; and to a velocity of 1000 feetin a
second, mnot less than 50lb. and to a velocity of
1700 feet in a second, not less than 1441b.>: and
this last velocity of 1700 feet in a second not be-
ing very distant from that, with which a twelve
pound shot is discharged from a cannon, ‘and the

- number 144lb.; being very near 12 times 12; it

follows, that the resistance of the air to a 12lb.
\ g M ’ shot,
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shot, when fired with its usual charge of powder,
is not less than 12 times its own weight.. Now
that the motion of this body can be rightly assign-
ed from the consideration of its gravity and origi-
nal velocity only, whilst a disturbing force, not
less than 12 times its gravity, is utterly neglected,
is a position so obviously absurd, that I flatter
myself, when the experiments, which I am now
goipg to repeat®, are attentively weighed, the re-
ality and efficacy of the air’s resistance will be no
longer doubted, nor the necessity of considering it
in almost all the operations of gunnery, any longer
contested. And thése points beingonce established, -
I propose, in some future papers, to recount the
changes which will hence anse in the motions of
shells and bullets; and to exhibit a method of
computation adapted to the real circumstances of
projectiles resisted by the air, which, though truly
representing the actual motions of these bodies, 1s
yet, in many instances, as easy and as.concise as
the erroneous computations founded on the para-
bolic hypothesis. :

# The experiments exhibited upon this occasion are hercafter
described in the first part of the third paper.

.

-
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RESISTANCE OF THE AIR ;

Together with the Method of computing the
“Motions of Bodies projected in that Medium.

As1 have not yet heard, that any objections
have been made to the conclusiveness of the ex-
periments by which I endeavoured, at the last
meeting of the society, to evince the extraordinary
effort of the air’s resistance against shells and bul-
lets discharged with their usual celerities; I should
hope, that, what I have asserted on that head in
my last paper, may be allowed to be demonstrated ;
and that I may now proceed to the examination of
the effects of thjs resistance, without being accused
of employing my speculations on a power that had
no existence. . ‘
- After the expgriments I have shewn to this so-
ciety, it may, perhaps, appear strange, that the
“persuasion of the minuteness of the air’s resistance
~ could so long take place, when the means of con-
futing this persuasion lay so near at hand ; and
were in a great measure to be deduced from the
common laws of resistance, long since established.
The most natural reason, I can think of, for this
want of attention, was the impossibility of com-
- puting: the motions of projectiles on the supposi-
tion of a sensible resistance. It is well known,
. that the motion of a body projected in any angle
with the horizon, and resisted in the duplicate pro-
portion of its velacity, was not considered by Sir
Isaac Newton in his Principia. It is true, Mr,
’ - - M2 John



180 TRACTS .

John Bernoulli did some years since determine,
how by the quadrature of certain curves this mo-
tion might be assigned. But those, who are ac-
quainted with his solution, well know, that those
curves are not reducible to the common terms of
quadratures ; and, consequently, that no computa-
tion can be founded thereon ; at least nothing of
that kind has yet been published*. Now whilst’
the description of the real track described by a
projectile continued thus impracticable, a mathe-
matician might, perhaps, have thought it beneath
him to have asserted, that the resistance of the air
produced great changes in the motion of pro-
Jected bodies, without having it in his power to
assign the quantity of those changes. '

But as I have, for some time past, made many
experiments myself on the ranges of bullets, and
have tollected all that 1 could meet with made by
other persons ; it was necessary, in order to exa-
mine the several hypotheses of resistance, which
some of these experimerts suggested, that I should
be enabled to compute the motions of resisted bo- .
dies, not only when they were resisted in the du-
plicate proportion of their velocity ; but likewise

- when the law of resistance was varied by other
rules not hitherto supposed by any writer. And,
in these investigations, I had the good fortune to
discover some compendious approximations, which
were as accurate, as the nature of the subject re-
quired, and were as-easy in their application, as I

: ‘ \ ~ could

* The learncd commentators upon Sir Isaac Newton’s Princi-
pia, in their comment printed at Geneva in the year 1740, avow
this truth ; for, having given Bernoull?’s solution of this problem,
and dibcussed it at large, they add, ¢ Ex quibus manifestum sit
‘¢ vera trajectoriw descriptionem aded perplexam esse, ut ex tla
“ vir quidgquam aid usus philosophicos aut mechunicos accommoda- -
© *¢ tudt possit deduei.”  That is, ¢ The description. of the curvey
‘¢ in which a projectile moves, is so very perplexed,,that it can
¢ be scarcely expected, any .deduction should be thence made,
¢ which may be adapted either to philosophical or mechanical |
¢ purposes.” Fide vol. 2. p. 118. '
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could well hope for in so perplexed and intricate a
matter ; and though many of these methods appear
now to be useless, as I have found several of the
laws of resistance, which they were fitted to exa-
mine, to be fictitious: yet, as some of these com-
. pendiums are applicable to the real motions-of pro-
Jected bodies; I shall insert such of them, as from
their general form are the soonest described and
the easiest to be remembered, and which are suffi-

cient for computing the motions of shells and bul-

lets in every practical operation of gunnery. But
. first it is necessary to examine what is the real law
of resistance of bodies moving through the air.
"I have. already mentioned, that,; in very great
changes of velocity, the resistance does not accu-
rately follow the duplicate proportion of the velo-
city. But.how much this variation-amounts to,
and how it is adapted to the different velocities of
the resisted body,. it is not easy nicely to ascertain.

However, by comparing together a great numbes-

of experiments ; I am of opinjon, that till a more
accurate theory-of these changes is completed, the
two following positiens may be assumed without

any remarkable error. S o
First, That till the velocity of the projectile
“surpasses that of 1100 feet in a secongd, the resist-
ance may be estdemed to be in"the duplicate pro-
portion of the velocity ; and its mean quantity may
be taken to be nearly the same with that, I have
assigned in the former paper*. =~ B
o . Second,

* These suppositions are not nearly COI’N‘!;}'LV In fact, By xxion;e ‘

accurate experiments with cannon-balls, it appears that the law

*of the resistance begins to increase above the ratio of the square .~

of the velocity, from the very slowest motions, and thence goes
on incredsing gradually more and mare abave what is assigned

by that ratio, till we arrive at the velocity of 1600.or 1700 feet

" per second, where it is at the greatest, amounting in that maxi-
mum state to only 2.5 times the guantity vesulting from the ra-
tio of the square of the velacity. And at the-velocity of 1100

M3 feet,
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-Second, That if the velocity be greater than that
of 11 or 1200 feet in a second, then the absolute
quantity of that resistance in these greater veloci-

. ties will be near three times as great, as it should

be by a comparison with the smaller velocities*.—
For instance, the resistance of a-12 pound shot,

‘moving with a velocity of 1700 feet in a second,

instead of 144lb.;, which I have assigned it in a

former paper, will be now three times that quanti-

ty, or 433lb.;. ‘ :
Hence then it appears, that, if a projectie be-

‘gins to move with a velocity less than that of 1100

feet in 1; its whole motion may be supposed to be
considered on the hypothesis ot a resistance in the
duplicate ratio of the velocity. And, if it begins

.to move with a velocity greater than this last

mentioned, yet if the first part of its motion, till
its velocity be reduced to near 1100 feet in 1, be
considered separately from the remaining part, in -
which the velocity is less than 1100 feet in 1”, it 1s

evident, that both parts may be truly assigned on
‘ the

feet, instead of answering to that Jaw, it amounts to 1.86 times
the same. In short, the rule cannot be reduced to two cases
only, as here supposed, but must have a different rate for every
different velocity, accordimg to the numbers in table 2 of my
Dictionary, vol. 2, p. 365. “H.

* As I have forbore to mix any hypothesis with the plain mat-
ters of fact deduced from experiment, 1 did not therefore ani-
madvert on this remarkable circumstance, that the velocity, at
which the moving body shifts its resistance, is nearly the same,
with which sound is propaqated through the air. Indeced, if the
treble resistance 'in the greater velocities is owing to a vacuum
being left behind the resisted body, it is not unreasonable to sup-

" pose, that the celerity of sound is the very least degree of cele-

rity, with which a projectile can form this vacuum, and can in_
some sort avoid the pressure of the atmosphere on its hinder
parts. It may perhaps confirm this conjecture to observe, that,
if a bullet, moving with the celerity of sound, does really leave a
vacuum behind it, the pressure of the atmosphere on its fore part
is a force about three times as great as its resistance, computed -
by the laws observed in slow motions. But the exact manner,

“in which the greater and lesser resistances shift into each other,

must be the subject of farther experimental enquiries.
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he same hypothesis, only the absolute quantity of -
. the resistance is three times greater in the first part
than in thelast. Wherefore if the metion of a pro-
Jjectile on the hypothesis of a resistance in the du-
~plicate ratio of the velocity be truly and generally
assigned, the actual motions of resisted bodies may
be thereby determined, notwithstanding the in-
creased resistances: in the great velocities. And,
to avoid the division of the motion into two, I’
shall hereafter shew how to compute the whole at
one operation with ‘little more trouble, ' than if ne
such increased resistance took. place. e

‘To avoid frequent circumlocutions, the distance,
to which any projectile would range in a vacuum
on the horizontal plain at 45° of elevation, I shalt
call the potential random of that projectile.

- And tﬂg distance to which the projectile would
range in a vacuum on the horizontal plain at any
angle different from 45° T shall call the potential
range of the projectilé range at that angle. e

And the distance to which a projectile really
ranges, I shill call its actual range.

If the velocity, with which a projectile begins to
move, is known ; its potential random and its po-
tential range at any given angle are easily determin-
ed from the common theory of' projectiles :* or,

' - -more

* The method of computing the potential random. from the
known velocity of the projectile is thus. Find outby the theory
of falling bodies, what height the projectile must fall from td.-
acquife the given velocity, then twice this height is the potential
random sought. - -

EXAMPLE.

Let the given velocity of the projectile be that of 1000 feet °
in 1"; then, since it is i{nown, that a heavy body in falling 16
feet 1 inch, acquires a velocity of 32 feet 2 inches in 1”, and
-the spaces fell through arc in a duplicate proportion of the ve-
locities acquired by the fall ; it follows, that the descent for

L M4 ’ acquiring
-

o .‘—/ ' . “
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more generally, if either its original velocity, its
' potential random, orits potential range, at a iven-
angle are known, the other two are easily found
out. . ‘ ,
To facilitate the computation of resisted bodies
it is necessary, in the consideration of each resisted
body, to assign a certain quantity, which I shall
denominate F, adapted to the resistance of that
particular projectile. To find this quantity F to
any  projectile given, we may proceed thus ; first
find,. from the principles delivered in the former
paper, with what velocity the projectile must move,
so that'its resistance may be equal to its gravity.
Then the height, from whence a body must,descend
in a vacuum to acquire this velocity,, is the magni-
tude of F sought. But the concisest way of find-
ing this quantity F to any shell or bullet is this:
if it be of solid iron, multiply its diameter mea-
sured in inches by 300. the product will be the mag-
nitude of F expressed in yards. If, instead of a
solicl iron bullet, it is a shell or a bullet of someother
sibstance; then, as the specific gravity of iron is
to the specific.gravity of the shell or bullet given,
so is the F corresponding to an iron bullet of the
same - diameter, to the proper F for the shell or
bullet. given. The quantity F beging thus as-
signed, the necessary computations of these,resisted
- motions may be dispatched by the thyee following
propositions, always remembering that these prapo-
.gitions proceed on the hypothesis of the resistance
S S , ‘ being
.o : . . '1000*
acquiring a velocity of 1000 fect in a secoed 19—67-4;-=15644

feet, which, doubled, gives 341(')88 fé;t or 10363 yards for ‘the

potential: random sought.- And, in_ the. samg manner, if the
potential random be given, the velocity of the projectile may be
found. For the number of feet, or half the potential random,
multiplied by 643, -and the square root of the product extracted,
that root will express the feet the projectile moves in a second.,
_ However, shorter methods of solving these cases, and what are’
sufficiently exact for our purpose, will be explained in the 4th
paper hereafter inserted,
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being in the duplicate proportion of the velocity of
the resisted body. How to apply this principle,
when the velocity is so great, as to have its.resist- .
ance augmented beyond this rate, shall be shewn
in a corollary to be annexed to-the first proposition.

PROP. I.

‘Given the actual range of a given shell or bullet
" at any small angle not exceeding 8° or 10° to de-
termine its potential range, and consequently its
potential random and original velocity. ‘

SOLUTION.

Let the actual range given be divided by the F
corresponding to the given projectile, and find the
quote in the first column of the annexed table.
Then the corresponding number in the second co-
lumn multiplied into F, will be the potential range
sought; and thence, by the methods already éx-
plained, the potential random, and the original
velocity of the projectile is given,
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23,7901

24,7991

25,8506

126,9465

28,0887
29,2792
30,5202
31,8138
33,1625
34,5686
36,0346
37,5632
39,1571
40,8193
49,5527
44,3605
46,2460
48,9127
50,2641
52,4040
54,6363

56,9653

.
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'EXAMPLES.

An eighteen pounder, the diameter of whose shot
- isabout 5 inches, when loaded with 2lb. of powder
ralgged at.an elevation of 3° 30’ to the distance of -
975 yards. : : . -
The F corresponding to this bullet is 1500 yards,
and the quote of the actual range by this number
is 65, corresponding to which in the second column
is ,817, whence ,817 F, or 1225 yards, is the po-
tential range sought, and this augmented in the
ratio of the sine 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 feet in a second.

COROLLARY 1st.

If the converse of this proposition be desired ;
that is, if the potential range in a small angle be
given, and thence the actual range besought; this
may be solved with the same facility by the same
table. For if the given potential range be divided
by its correspondent F, then, opposite to the quote
sought in the second column, there will be found
in the first column a number, which multiplied .
into F will give the actual range required. And
from hence it follows, that, if the actual range be
given at one angle, it may be found at every other
angle not exceeding 8° or 10°. :

COROLLARY 2d. - -

If the actual range at a given small angle be
given, and another actual rangé be given, to which
the angle is sought; this will be determined by
finding the potential ranges corresponding to
the two given actual ranges; then the avogle

corresponding
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corresponding to one of these potential ranges
being known, the angle corresponding to the
other will be found by the common theory of
projectiles. :

COROLLARY 3d.

If the potential random reduced from the actual
range by this proposition exceeds 13000 yards ; then
the original. velocity of the projectile was so great
as to be affected by the treble resistance described
above; and consequently the real potential random
will be greater than what ishere determined. How-
ever, in this case the true potential random may be
thus nearly assigned. Take a 4th continued pro-
portional to 13000 yards, and the potential random
found by this proposition, and the 4th proportional
thus found, may be assumed for the true potential ran-
domsought. Inlikemanner, when thetruepotential
random 1s given greater than 13000 yards, we must
take two mean proportionals-between 13000 and
this random :* and the first of these mean propor-
tionals must be assumed instead of the random
given, in every operation described in these pro-
positions and their corollaries. And:this method
will nearly allow for the increased resistance in
large velocities, the difference only - amounting to
a few minutes in the angle of direction of the pro-
Jected body, which, provided that angle exceeds
two or .three degrees, .is usually scarce worth at-
~ tending to. ’ r

Of this process take the following example.

A twenty-four pounder fired with twelve pounds
of powder, when elevated at7° 15, ranged about
,2500 yards; here the F being neari1700 yards, the
‘quote to be sought'in the first column is 147, to

o ' which
« * It may perhaps be unnecessary to observe, that the opera-

tions directed in this corollary are best performed by the table
of logarithms,
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which the number corresponding in the second co-
lamn is 2,556 ; whence the potential range is near
- 4350 yards, and the potential random thence re-
sulting 17400 ; but t?xis being more than 13000, .
we must, to get the true potential random, take a
4th continued proportional to 13000 and 17400,
and this 4th proportional, which is about 31000 .
yards, is to be esteemed the true protential random
sought; whence the velocity is nearly that of 1730
feet in a second. C :

SCHOLIUM.

"This proposition is confined to small angles, not
~ exceeding 8° or 10°, for reasons, which will be seen
hereafter, when I give the demonstration of this
and the ensuing problems. A subject, which be-
ing purely geometrical, I chuse to discuss in a
small tract by itself. In all possible cases of prac-
* tice, this approximation, tgus limited, will not
- differ from the most rigorous solution by so much,
as what will often intervene from the variation of
the density of the atmosphere in a few hours time;
so that the errors of the approximation are much
short ‘of other inevitable errors, which arise from
the nature of this subject. '

PROP. II.

+ Giiven the actual range of a given shell or bulet,
~ at any angle not exceeding 45°, to determine its
potential range at the same angle; and thence its

potential random and original velocity. ' '

SOLUTION.

Diminish the F corresponding to the shell or .
bullet given in the proportion of the radius to the
cosine of 4 of the angle of elevation. Then, by

1 . means
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means of the preceding table, operate with this re-

duced F in the same manner as is prescribed in the .

solution of the last proposition, and the result will
~ be the potential ranie sought; whence the poten-
- tial random, and the ornginal velacity, are easily
determined. _ : .
EXAMPLE.

A mortar for sea-service, clfarged with 30lb. of
powder, has sometimes thrown itsshell of 123 inches
diameter, and of 2311b. weight, to the distance of 2
miles or 3450 yards. This at an elevation of 45°.

The F to this shell, if it were solid, is 3825 yards;
but as the shell is only 4 of a solid globe, the true
F is no more than 3060 yards. This, diminished in
the ratio of the radius to the cosine of ; of the
angle of elevation, becomes 2544. The quote of
the potential range by this diminished F is 1,384,
which sought in the first column of the preceding
table, gives 2,280 for the corresponding number
in the second column; and this multiplied into the
reduced F, produces 5800 yards for the patential
range sought; which, as the angle of elevation
was 45°, is also the potential random: and hence
_the original velocity of this shell appears to be that
of about 748 feet in a second. . .

COROLLARY."

- The converse of this proposition, that is, the de-
~ fermination of the actual range from the potential
range given, is easilfy deduced from hence, by
means of the quote of the potential range divided
by the reduced F ; for this quote searched out in
the second column will give a corresponding num-
ber in the first column, which multiplied into the
- reduced F; will be the actual range sought.

Also, if the potential random of a projectile be
given, or its actual range at a given ang{e of ele-
: vation ;



| OF GUNNERY. 91
vation; itsactual range at any other angle of ele-
vation, not greater than 45°, may hence be known.
For.the potential random will asgsign the potential
range at any given angle, and thence, by the me~
thod of this corollary, the actual range may be-
found. - , A

EXAMPLE.

‘A fit musquet bullet fired from a piece of the
standard dimensiens, with ¢ of its weight in good
powder, acquires' a velocity of near 900 feetin a
second ; that is, it has a potential random of near
8400 yards. 1f mow the actual range of this bullet
at 15° was sought, we must proceed thus.

From the given potential random it follows, that
the potential range at 15° is 4200 yards, the dia--
meter of the bullet is ; of an inch, and thence, as.
it is of lead, its proper F is 337,5 yards, which,
reduced in the ratio of the radius to the cosine of
of 15° becomes 331 yards. The quote of 4200
by this number is 12,7 nearly, which, being sought
in the second column, gives 3,2 nearly for the cor-
responding number in the first column; and this
multiplied into 331 yards (the reduced F) makes
1059 yards for the actual range sought. -

" EXAMPLE II.

The same bullet, fired with its whole weight in
powder, acquires a velocity of about 2100 feet in
a second, to which there corresponds a potential-
random of about 45700 yards. But this number
greatly exceeding 13000 yards, it must be reduced
by the method described in the third corollary of
~ the first proposition, when it becomes 19700 yards.

If now tge actual range of this bullet at 15° was
. Fequired, we shall from hence find, that the poten-
tial range at 15° is 9850 yards, which, divided by
the reduced F of the last example, .gives for a
c ' T 1 quote
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quote 2975 ; and thence, following the steps pre-
scribed above, the actual range of this bullet”
comes out 1396 yards, exceeding the former range
by no more than 337 yards; whereas the differ-
ence between the two potential ranges is above
ten miles. Of such prodigious efficacy is the re-
sistance of the air, which hath been hitherto treat-
ed as too insignificant a power to be attended to
in laying down the theory of projectiles.

-,

SCHOLIUM.

The demonstration of the methods I have hi
therto explained, for computing the motions of
resisted bodies, I propose to refer to the geome-
_ trical part; where the principles and limits of these
approximations will be discussed. But I must
here observe, that as the density of the atmosphere
perpetually varies, increasing and diminishing
often by % part, and sometimes more, in a few
hours ; for that reason I have not been over rigo-
rous in forming these rules, but have considered
them as sufficiently exact, when the errors of the
approximation do not exceed the inequalities, which
would take place by a change of % partin the
density of the atmosphere. With this restriction,
the rules of this proposition may be safely applied
in all possible cases of practice. That is to say,
they will exhibit the true motions of all kinds of
shells, and cannon-shot, as far as 45° of elevation,
and of all musket-bullets fired with their largest
customary charges, if not elevated more than 30°
Indeed, if experiments are made with extraordi-
nary quantities of powder, Eroducing potential
randoms greatly surpassing the usual rate; then
_ ' in large angles some farther modifications may be

"mnecessary. And though, as these cases are beyond
the limits of all practice, it may be thought unne-
cessary to consider them; yet, to enable th(ﬁe

: | who
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who are so ‘disposed, to examine these uncommon
cases ; I shall here insert-a proposition, which will
determiné the actual motiom of a projectile at 45°,
" how enormous soever-its originat velocity may be.
. - But as this proposition wilt-rather relate to specu-

lative than. practical cases, -imstead of supposing
. the actual tfange known, thence-to assign tEe po-
tential random; I- shall mow-suppose the potential
- random given;- and the actual-range to be thence
investigated. - - S .
- PROP. IIL -

Given the potential random of a given shell or
- Jbullet; to determine its actual range at 45°

SOLUTION. ‘
- Diyide the given potential random by the F cor-
responding to the shell or bullet given, and call"
the quotient g, and let 1 be the difference between
‘the tabular logarithms of 25 and of q, the loga-
rithm of 10 being supposed unity; then the actual

i'angq sought is 3,4 F ¥ QIF—-T%F, where thedou-

- ble sign of 2IF is to be thus understood ; that if q
be less than 25, it must be — 2IF ; if it be greater,
. then it must be + 2IF. In this solution q may be
any number not less than 3, nor more than 2500.

COROLLARY. .

Computiné in the manner here laid down, we
shall find the relation between the potential ran-
doms, and the actual range at 45°, within the li-
mits of this proposition, to be as expressed in the
following table. _ :

N. - Potential
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‘Potential Random. - Actual Range at 45°.-
3 F L5 F
6 F . ' 21F
10 F 2,6 F
2 F 3,2 F
30T ¢ 36 F
40 F 3,8 F
50 F 40 F
100 F . 4,6 F
200 F 51 F .
500 F 58 F -
1000 F 6,4 F
2500 F - 7,0 F

Whence it appears, that, when the potential ran-
dom is increased from 3F to 2500F, the actual
range is ‘only increased from 13 Fto 7 F; so that
an increase of 2497F in the potentiil random, pro-
duces no greater an increase in the actual range
than 55 F, which is not its .3 part; and this will
again be greatly diminished on account of the in--
creased resistance, which takes place in great velo-
cities. So extraordinary are the effects of this re-
sistance, which we have: been hitherto taught to
regard as inconsiderable. o
" That the justness of the approximations laid
down in the 2d and 3d propositions may be easier
examined ; I shall conclude these computations by.
inserting a table of the actual ranges at 45° of a
projectile, which is resisted in the duplicate propor-
-tion of its velocity. This table is computed by
~ methods different from. those hitherto' described,

- and is sufficiently exact to serve as a standard, with

“which theresult of our other rules may be compared.

And since whatever errors occur in theapplication

of the, preceding propositions, they will be most

sensible at 45° of elevatiop, it follows, that hereby

the utmost limits of those errors may be assigned.
: ; | " * Potential
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Potential Randoms. . Actual Range at 45°

,1 F ,0963 F
25 F —  ,2282. F
6 F - - ,4203 F
75 F 25868 F
1,0 F ,7323 F
1,25 F ,860 F
,5- F - ,978 F
1,75 F - 1,083 F
20 F 1,179 F
25 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
55 F- 2,015 . F
6,0 F 2,007 F
65 F 2,169 - F
7,0 ‘F — 2,237 F
75 F 2,300 F ,
8,00 F 2,359 F
85 F 2,414 F
90 F 2,467 F -
95 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
25,0 F 3,396 F
30,0 F 3,557 F -
40,0 F 3,809 F
500 F 3998 F .

Thus I have dispatched all I thought necessﬁry
to insert in this paper, relating to the computa-.

tions of-the actual motions of shells and bullets. It -

might now perhaps be expected, that I should ex-
- "Ng - -~ emplify
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- emplify these rules by applying them to the exami-
nation of a number of experiments made with va-
rious kinds of- artillery at different angles. But
besides the doctrine of the air’s resistance, to which
this paper hath been hitherto confined ; the theory,
which [ have undertaken to estabtish, ¢onsists of
another branch not less important: I mean the
consideration of the action of fired powder, and
the assigniing from thence the velocity and poten-
tial random of a given bullet impelted by & given
charge. As therefore the experiments, I shall here-
after produce, are adapted to the confirmation of
both branches of the theory; the discussion of them
' must be of course postponed, tit the doctrine of
‘the action of powder be explained.- And that is
too copious a subject to be confined within the li-
mits of this paper; especially too as it is extreme-
ly necessary, before any other steps are taken on
the present subject, to explain distinctly the irre-
gularities, which frequently oecur in the flight of
projectiles, and which divert them so wonderfully
from.their assigned track. This, though hitherto
utiobserved, s a mmatter of very great import'in the
theory of the motions of military projectiles. And
I shall here endeavour to discuss it with as much

- conciseness as I can. - mee e
Almost ‘every projectile, besides the forces we
- have hitherto considered, that-is, its gravitation,
and that resistance of ‘the air which directly op-
poses its motion, i affected by a third force, which
acts obliquely to its'motion, and in a variable di-
-rection; and which consequently deflects the pro-
jectile from its regutar track, and from the vertical
plane, in which 1t began to move; impelling it
sometimes to one side, and sometimes to the other,
- occasioning thereby very great inequalities in the
repeated ranges of the same piece; though each
time loaded and pointed in the same manner; and
this fotce operating thus irregularly I conceive bu;

. b
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be the principal source of all that uncertainty.and
confusion in the art of gunnery, which hath hi-~
therto. been .usually ascribed to the difference of
powder. The reality. of this force, and the cause
which produces it, will, I hope, appear from the
following consideratipns. .. = -
- 1t-will easily be granted, I suppose, that no sheil
or bullet can be discharged from the pieces gene~
rally:in - use, .without: rubbing against. their sides,
and thereby dcquicing a whirling motion, as well
as a progressive one. :Antl as this.whirl will in one
part'of its. revelution conspire in some degree with
the progressive motion, and in another .part . be
- equally opposed to it; . the resistance of the air on
the fore part of the bullet will be hereby affected,
and will be increased in that part where ‘the whir~
ling motion conspires with the progréssive, and
diminished where it is opposed to it.. And by this
" meéans the whole effort of the resistance, instead
of being ina direction opposite to the direction of
the body, will' become oblique thereto, and will
pmduc\e those effects we have already mentioned.
If ‘it was -possible to-predict the position of the
axig, round which the: bullet should whirl, and if
that axis was unchangeable duringithe whole flight
of the bullet, then the abberration of the bullet by
. this oblique force would-be in a given direction,
and the mcurvation produced thereby would res
gularly extend the same way; from one end of its
track to the other. For instance, if the axis of
the whirl was perpendicular to the horizons then
the ineurvation would be to the right or left.  If
~ that axis were horizontal and perpendicular to the

direction of the bullet; then the incurvation would
be upwanrds or downwards. “But as the first posi- -
tion of this axis is uncertain, 'and a3 it may perpes
tually shift in the conrse of the bullet’s:flight, the
deviation of the bullet is not necessarily either in
ene certain dil‘ection,vn;;; tending to the same side
‘ v ‘ 3 LB
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In one part of its track that it does in another, but
it more usually is continually changing the ten-
dency of its deflection, as the axis, round which it
whirls, must frequently shift its position to the pro-
gressive motion by many inevitable accidents.
That a bullet, generally acquires such a rotatory
motion, as I have here described, and that these
. Hregularities are the necessary consequences of such.
a rotation, is, I think, demonstrable. However,
as in these novel assertions, I would leave no room
for. doubt or dispute, I propose first to shew to
the society, by an obvious experiment*, that the
direction of a ball will be sensibly ¢hanged by
compounding its progressive motion with a revolv-
- ing one, although both these ‘motions, and conse-
quently their effects, are prodigiously short of what_
must necessarily take place in military projectiles ;
and I next propose to exhibit to any gentlemen,
who will honour me with-their company, an ocular
proof of the deflection of musket bullets, even in
- the small interval of 60, 70, or 100 yards, It is
tiue, in larger intervals these inequalities are much
more considerable; for I have seen a ‘bullet in a
range of 700 yards deviate above 100 yards from
its direction. “But as proper ground sufficient for °
~ these extended trials is not to be met with in "the
- neighbourhood of Landen, I hope the experiments
I shall make ina shorter space, as they will evince
the reality of these deflections, will procure belief
" to other experiments :where they have been much
gréater. What. ' methods -are nécessary for: the
avoiding «of - these divarications, 1 may. perhaps
treat of in the course of some future'papers on the
subject.of gunnery. ©~ - - : P
I shallonly add, that, asit‘'may be imagined,
that the effects of the oblique resistance, I have
‘here described, can be nicely ascertained by the
‘ S - - - common
" * This experiment, with all the others mentioried in this and
the next paragraph, are described in the following paper,

AN BRI
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common established, doctrine of the action of fluids

. on a surface placed oblique to their motions: I

must therefore observe (to prevent any persons from
wasting their time in so fruitless an examination)
that all the positions hitherto laid down by any
author whatever, about the comparative resistances

. of oblique surfaces, are most egregiously erroneous.

It would too much enlarge the present paper to
demonstrate this in every instance ; I shall there-
fore content myself with exhibiting one experi-
ment, which, if properly weighed, will, I believe,
render that trouble unnecessary.. In this experi-

ment I shall shew, that two equal surfaces, each

of them meeting the air with the” same degree of
obliquity, are yet so’ differently resisted, that

though in one the resistance be less than that of a -

perpendicular surface meeting the same quantity
of air, yet in the other it is greater. But on this
important subject (the. compleating of which 1is
absolutely necessary to the establishing the trug
theory of ship-building and sailing) I hope to be
more eXplicit hercafter. . o
o : Na.- - NolII,

» : . . . . o

N e
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No. III.

An Account of the Ezxperiments, relating ta
the Resistance of the Air, exhibited at dif-
Serent, Times before the Royal Society, in

. .the Year 1746. S :

I v the latter end of the last summer, I delivered in
two papers to the society on the resistance of the
air : the first endeavouring to demonstrate the very
great effects therehy produced in the motion of al-
most every military projectile, and consequently
the necessity of considering it in all speculatians
upon the subject of gunnery ; the other contain-
ing a more accurate and minute explication of the
laws observed by this resistance, together with .
rules for computing theactual ranges o%projectiles
as influenced and regulited thereby. And, to
compleat this subject, there was inserted, in this
last paper, a description of an extraordinary and
hitherto unsuspected irregularity, to which these
motions are liable; with a discussion of the causes
- of the disturbing force, by which it is brought
about. And hence occasion was taken to add, in
the eonclusion, some very paradoxical assertions
relating to the difference, that is found in the re-
sistance of the air to the same oblique surface, only
. by varying of such circumstances as have hitherto
been supposed to have no connexion with that re-
sistance. . - -~ '

The propositions advanced in these papers, be-.
ing most of them directly contrary to the opinions
generally received on this subject; their proof de-
pended on ‘certain experiments, which.I had —myl}

' : se
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self frequently repeated, and which; upon this oc-
casion, I exhibited to the society. And as they
were often reiterated before numbers of the mem-
bers, and always with sufficient success ; I think .
it incumbent on me to describe the machines and
methods made use of on this occasion, together
with an account of the nature and events of the
trials thus exhibited, * For I conceive a narration
of this kind, corroborated by the recollection of
those gentlemen who were then present, will be a
much stronger confirmation of the principles, I ad-
vance, than the result of any experiments, which
depended merely on my own relation. For my
single evidence might perhaps be considered as

>carious ; as I might at least be suspected of’ be-
_ 1ng biassed towards those novel doctrines; of which
I profess myself in some degree the inventor.
To begin then with this narration, it is neces-
" sary to mention, that, in the first paper delivered
to the society, I asserted the two following propo-
sitions : : :
First, ¢ That the resistance of the air toa 121b.
‘iron bullet, moving with a velocity of 25 feet in
¢ a second, is not less than halfan ounce avoirdu-
T pOis.” e
Secondly, ‘ That the resistance of the air,
‘¢ within certain limits, is nearly in the duplicate
‘¢ proportion of the velocity of fhe resisted body."*
These propositions are in themselves neither un-
known nor doubtful ; but yet, as they are the ba-
sis of some other assertions, which have been hi-
therto constantly contested and denied ; I thought
it requisite to evince their veracity by more un-
questioned and simpler methods, than have been
hitherto practised : for this purpose, I therefore
caused a machine to be made of the form repre-
sented in the annexed drawing*, which was most
excellently executed under the direction of Mr.

Ellicot,
* Plato II. Fig. I. |
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Ellicot, and was completely fitted for the use in~
tended by ‘many contrivances, some of them not
contained in the drawing, nor necessary to be par-
ticularized in this place. - For,it is sufficient, for
the purpose of the following experiments, ‘to des-
" cribe its general fabric, by observing that BCDE
is a brass barrel moveable on its axis, and.so adjust-
ed by means of friction whecls, which are not re-
‘presented. in.the drawing, as to have no friction
worth attending to. The frame, in:which this
barrel is-fixed, 1s so placed, that its axis. may be
perpendicular to the horizon.  The axis itself is
continued above the upper plate of the frame, and
has fastened on it a light hollow cone AFG ; from
the lower part of this cone there is extended a long
arm .of wood GH, which is very thin, and cut
feather-edged, and at its extremity there is a con+
“trivance for fixing on the body, whose resistance
is to be investigated (as here the globe. P) and, to
prevent the arm GH from swaying out of its hori-
zontal position Dy the weight of the annexed body
P, there is a.brace AH of fine wire fastened to
the top of the cone, which supports the end of the
arm. ... . S e e
Round the barrel BCDE therc is wound a fing
silk line, the turns of which appear in the figute,
and after this line hath taken a sufficient numbet
of turns, it'is conducted nearly horizontally to the
lly L, over which it is passed, and then a proper
weight M is hung toits extremity. If this weight
be left at liberty, it is obvious, that it will descend-
by its own gravity, and will by its descent turn.
round the barrel. BCDE, .together with the arm
GH and the body I? fastened to it. . And whilst
" the resistance ou the arm GH and on the body P
is less than the weight M, that weight will acceles
‘rate its motion, and thereby the motion of GH -
and P will increase, and consequently; their resist~
ance will increase, till at last this resistance axl]d
R ’ . the
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¥xe weight M- become nearly equal to each other.
he motion with which ‘M descends,. and with -
which the body P revolves, will not sensibly dif-
fer from an'equable’'one.. Whence it is not difficult -
. 'to conceive, that by proper observations made
- with this machine. The resistance of the body P
may be determined, the most natural method of
proceeding in this investigation is as follows. Let
the machine have . first acquired its equable mo-
tion (which, as will hereafter appear, will be usu-
ally attained in five or six turns from the begin-
ning) and then let it be obsejved, by counting a
numbér of turns, what ‘time is taken up by one
revolution of the body.P ; then taking off the body
P and the'weight M; let it -be examined, what.
smaller weight. will make the arm GH revolve in
the same time, as when P was fixed to it; this
= smaller weight being taken from M, the remain-
der is obviously equal in effort to the resistance of
the revolving body P; and this remainder being
reduced in the ratio of the length of the arm to thé
semidiameter of the barrel, will thén become equal *
to-the absolute quantity of the resistance. And as
the time of one revolution is known, and conse-
quently the velocity of the revolving bedy; there
is thereby discovered, the absolute quantity of the
- fesistance to the given body P, moving with a
givendegree of celerity. ‘
And note, that to avoid all exceptions, I have
generally chose, when the body P was removed, to
fix in its stead a thin piece of lead of the same
weight, placed horizontally ; so that the weight,
which was to turn round the arm GH without the
body P, did also carry round. this piece of lead.
This I did, lest it should be objected, that-the
body P retarded the weight M by its quantity of
matter, as well as by its resistance. But mathe-
maticians will easily allow, that there was no ne-
cessity for this precaution, S Th.
. e
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- The measures of the parts of thls machine were,

. as follows :
Mﬂo
The diameter of the barrel BCDE and of
the silk string wound round it was - 8,06

The length of the arm GH measured from
the axis to: the surface of the globe P was 49,5
- The body P, the.globe made use of was :
of pasteboard, its surface very neatly. coated
with marble paper. - It was not wmch dis-
tant from-the SIZC of a 12lb. shof, heing in

diameter .: - 4,5
- So that the radlus,of the cxrcle dcscnbed
by the centre of the globe'was - -~~~ 51,76

. When this globe was fixed at the end of thearm,
and a we:ght of half apound was hang at the end
of the string’at M ; it was examimed, how scon
the motion of the descethdmg we;ght M; and of
the revolving globe.P, would become equable.ab
tosense. And with this view thiee revolutions
being suffered to elapse, it was found, that

- The next 10 were performed in -~ 27'%
20 m less than 85
30 in ' 82 %
So that the first. 10 were performed in . 27"%
od 10 m . 27 § ¥
3d 10in ' 27 %'

These experiments sufficiently evmcc, thateven
- with half a pound, the. smallest weight hereafter
used, the motion of the machine was suﬁicxently
equable after the first three revolutions.

And now to prove the two forementioned prm
positions, the following experiments were made;
the times marked down being observed by several
stop-watches, which rarelv differed half a second
from each other. .
- ‘The forementioned globe bemg fixed at t.he end

of thearm, there was hung on in the situation M &
, weight of 3lb.z, and 10 revohmonp bemg suﬁ'ercd
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to elapse, the succeeding 20 were performed in
21} : L o

Then the %‘lobe being taken off, and a thin plate
of lead, equal to it in weight, placed in its room ; it
was found, that, instead of 8lb.%, a weight of b,
would make it revelve in less time, than it did
before, it performing 20 revolutions, after 10 were
elapsed, in the space of 19 seconds. oo

Hence then it follows, that from the Slb.% first
‘hung on, there is less than 11b. to be deducted for
the resistance on the arm, and consequently the
resistance on the globe itself is not less than the
effort of 2lb.+ in- the situation M ; and it appear-
_ing from the former measures, thit the radius of
the barrel is nearly 4% part-of the radius of the. cir-
cle described by tie ceritré of the globe; it foliows,
that the absolute resistance of the globe, when it
revolves 20 times in 21°% (which, if computed by
the measures given above, comes out.a velocity of
about 25 feet in a seconll) it follows, I say, that -
the resistance' of the globe in this case is not less
than the %, part of 21b.3, or than the 5 patt of 36
ounces: am}) this being considerably more than.
half an ounce, and the globe being nearly the size
of a 12 pounder; it irrefragably confirms our first
proposition, “ That the resistance of theair toa -
‘“ 12lb. iron bullet, moving with a velocity of 25
% feet in a second, is not less than half an ounce
 avordupois.” I ‘

The next experiments were madé witha view
of examining the 2d proposition. And for this .
purpose there were successively hung on in the si-
tuation M weiglits in the proportion of the num-
bers 1, 4, 9, 16; and letting 10 revolutions first
¢lapse, the observations on those that follow, were
as under. R T o

With .11b. the globe went 20 turtis in 54"
- thatis, it went -« --- 10 turns in 27 %
With ¢lb. it went Q0 turns in =~ Q7 %
T ' | With
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. With 4lb.f it went 30 turnsin®  27"%
With 8lb. it went 40 turns in - 27 L
- Se that it appears, that to resistances of the pro-
portions of the numbers 1, 4, 9, 16, there corres-
pond velocities of the resisted body in the propor-
tion of the numbers 1, 2, 3, 4, which proves with.
great nicety, within the limits of these experi-
ments, the second proposition contained in our
first paper, ‘ That the resistance of the air is
‘“ nearly in the duplicate proportion of the velocity
‘ of the, resisted body. That is, it is four times as.
““ much when the resisted body moves with twice,
“ the velocity ; nine times as much, when it moves
“ with three tihes the velocity, and so on.” =
These were the experiments exhibited to evince
the assertions contained -in the first paper, and,
these having been shewn at different times to num-
bers of the society, without any exceptions being
made thereto, that I have yet heard of; they were
taken for granted in my second paper, and consi-
dered as a full confirmation of what I had before
advanced. \ , .
~ The second paper, though principally employed,
in giving rules for the computation of the motions.
of military projectiles, as modulated by the resist-
ance of the air, .did. yet, in the latter part of it,
~ contain some observations relating to-the hitherto
unheeded effects produced by this.resistance ; for
its action is not solely employed in retarding the
motions of projectiles, but some part of it exerted
in deflecting them from their course, and in twjst-. °
~ ing them in all kinds of directions from their regu-
lar track ; this is a doctrine, which, notwithstand-
" ing its prodigious import to the.present subject,
hath been hitherto entirely unknown, or unattend-
ed to; and therefore the experiments, by which I
have confirmed it, merit, I conceive, a particular
description ; as they are themselves too of,a very
singular kind. . .
- . The
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The basis of this doctrine, which I have explain-

- ed at large at the end of my second paper, but
which it 1s necessary to describe in a few words in
this place, is this; that almost all bullets receive a
whirling motion by rubbing against the sides of
the pieces, they are discharged from; and that this
whirling metion of the bullet occasions it to strike .
the air obliquely, and thereby produces a resistance,

" which is -oblique to the track of .the bullet, and
consequently perpetually deflects it fronr its course.

The first experiment, exhibited on this occasion;
was' to evince, that the whirling motion of a balk
combining with its progressive motion, would pro-
duce such an oblique resistance and deflective
power, as is herein mientioned. . For this purpase,
a wooden ball, 4% inches diameter, was suspended
by a double string about ' eight or nine feet long.
Now by turning round the ball, and twisting the
double string, the ball, when left to itself, would:
have a revolving motion given it from the untwist-
ing of the string again. And if, when the string -
was twisted, the ball was drawn a considerable
distance from the perpendicular, and there let go;
it would at first, before it had acquired its revolv-

" ing motion, vibrate steadily enough in the same .
vertical plane, in which it first -begar to move;
but when, by the untwisting of the string, it had
acquired a sufficient degree of its whirling motion,
it constantly deflected on the right or left of its
first track ; and sometimes proceeded so far, as to:
have its direction at right angles to that, in which
it began its motion; and this deviation was not
produced by the action of the string itself, but
appeared to be entirely owing to the resistance be-
ing greater on the one part of the leading. surface
of the globe than on the other. For the deviation

* continued when the string was totally untwisted,
and even during the time that the string, by the
motion the globe:had regeived, was twisting-the

e 1 contrary
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contratry way. And it was always easy to pre-
dict, btg‘:)re i,he ball was let go,ywhic}:xy wa; it
would deflect, only by considering on which side
the whirl would be combined with the progressive
motion; for on that side always the deflecting
. power acted ; as the resistance was greater here,
than on the side where the whirl a,nf progrgssive
motion were opposed to each other. ,
This experiment is an incontestible proof, that,
if any bullet, besides.its progressive motion, hath
a whirl round its "axis; it will be deflected in the
manner here described. And as it is scarcely pos-
sible to suppose, but that every bullet, discharged
from the pieces now in common use, must receive
such a w{;irl from its friction against the sides of
the piece ; the proposition might perhaps be safely
‘rested on this single experiment. But not to leave
~ any thing doubtful in a subject liable to so much
contestation; I undertook to evince, by an
ocular proof, the reality of this deflection in mus-
uet-bullets, even in so short an interval as a hun-
red yards. And these experiments having suc-
ceeded to the general satisfaction of those who
honoured me with their company ; I shall here de<
scribe, as briefly as I can, the manner in which they
were tried, and the conclusions resulting 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, supposes that deflexion to be
upwards or downwards in a vertical plane; be-
cause, in the vertical plane, the action of gravity
is compounded and entangled with the deflective
force. And for this reason, my experiments have
been principally directed to the examination of .
that deflexion, which carries the bullet to the
right or left of the vertical plane, in which it be-
gan to move. For if it appears at any time, that
the bullet has shifted from that vertical plane, in
which its motion began ; this will be an mcontcle)sl-
. tabie

\
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- table confirmation of what we asserted. = Since no

A

other power but that uneqpal resistance, which we
here insist ‘on, can occasion a body in motion to
deviate from the vertlcal plane, in which it has
once moved.

Now by means of screens of exceeding thin pa-
permplaced parallel to each other at proper dis-
tand®s, this deflection in question may be many
ways, 1nvest10'ated For by firing bullets which
shall traverse these screeps, the flight of the bullet
may e, traced out ; and it may easily appear, whe-
ther they do or do "not keep invariably to one ver-
tical plane. This examination may proceed on
three different principles, which I shall here sepa-
rately explain.

For first an exact vertical plane may be traced |
out upon all these screens, by which ‘the deviation
of any single bullet may be more readily investi- -
gated, only by measuring the horizontal distance
of its trace from the vertical plane thus delineated,

“and by this means the absolute quantity of its

aberration may be known. .

Or if the description of such a verical plane
should be esteemed a matter of difficulty and
nicety, a second method may be followed, which
is that of resting the piece in some fixed not(;h or
socket, so that though the piece may have some
little play to the - rl(rht and left, yet all the lines,
in which the bullet can de dlrected shall intersect

- each other in the center of that fixed socket ;- by

this means, if two different shot are fired f'rom
the piece thus situated, the lLiorizontal distances -
of the traces made by the two bullets on any, two
screens, .ought to be in the same proportion tq
each other as the respective distances of these
screens . from the socket, in which the picce was
laid. And if these honzontal distances differ from
that proportion ; then it is certain, that one.of
these bhOt at least hath dcv1ated from a vertical
: 0o plane,
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plane, although the absolute quantity of that de-
viation cannot be hence assigned ; because it can-
not bé known, what part of it. is to be imputed to
one bullet, and what to the other.

But if the constant and invariable position of
the notch or socket, in which the piece was placed,
be thought too hard an hypothesis in this gery
nice affair; the third method, and which is the
simplest' of all, requires no more than, that two
shot be fired through three screens, - without any
regard to the position of the piece each time. For,
in this case, if the shots diverge from each other,
and both keep to a vertical plane ; then if the ho-
rizontal distances of their traces on the first screen
be taken from.the like horizontal distances on the

* secend and third, the two remainders will be in -
the same proportion with the distances of the $e-
*cond and third screen from the first. And if they
‘are not in this preportion, then it will be certain,
that one of them at least hath been deflected from
the vertical plane ; though here, as‘in the last in-
stance, the quantity of that deflexion in each will
not be known. _ -
~All these three methods T have myself made use
of at different times; and have ever found the
success agreeable to my expectation. But what
I thought the most eligible for the experiments,
which I proposed to shew to the society, was a
compound of the two last, and the apparatus was -

as follows: - - . o

On —, being the first day appointed for these
trials, the weather was unfavourable, and the ex-
periments om that account more confused thau
could have been wished, though they were far from
inconclusive. But on tlie next Thursday two
screéns were set up in the large walk in the Char-
ter-house garden; 'the first of them at 250 feet dis-
tance from the wall (which was to serve for a third
screen) and the second two hundred feet from the
o 1 same
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ame wall. And at fifty feet before the first screen,

_orat800 feet from the wall, there was placed a
large block, weighing about 200lb. weight, and -

having fixed into it an iron bar with a socket at
its extremity, in which the piece was to be laid.
The piece itself was of a common length, and ‘was
bored for an ounce ball. ‘It was each time loaded

with a ball of 17 to the pvund, (so that the win-

dage was extremely small) and with a 3 of ad
ounce of good powder. The sgreens were made
of the thinnest issue paper; and the resistagce,
they gave to the bullet (and consequently their
probability of deflecting-it) . was so small, that a
bullet lighting one time near the extremity of
one of the screens, left a fine thin fragment of it
towards the edge entire, which was so very weak,

. that it appeatred difficult tohandle it without break-

ing. These things thus prepared, five shot were
made with the piece rested in the notch deseribed

above; and the horizontal distances between: the . .

first shot, which was taken as a standard, and the
four succeedling ones, both on the first and second
screen, and cn the wall, measured in inclies, were
as follows : :

’

Ist screen.  2d screen. wall,
" 1to 2 1,75 R 3,15 R 16,7 R
3 10, L 156 L 6925 L
4 12'L 45 L. 150'L ..
-5 915L 51 L - 190 L -

- Here the letters R and L denote, that the shot
in question went either-to the right or left of the
first. | R T '

- If the position of the socket, in which the piece
was placed, be'supposed fixed, (aud I presumeno
person thén present conceived, during: these %tisls,
that it could:possibly vary the 10th of an iach

from. its first situation) then the horizontal dis- - '

tances, measured above on the 1st and 2d soteen,
and on the wall, ought to be in the propottion of
' 02 the

.

i
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the distances, of the 1st screen, the 2d screen, and
the wall, ‘from the socket. But, by only lookmg
over these numbers ; ; it appears, that none of them:
are in that proportion. The horizontal distance
of the 1st and 3d (for instance) on the wall being
above 9 inches ‘more, than it should be by thns
analogy.

If, without supposing the invariable posmon of
the socket we examine the comparative horizontal
distances accordm«r to the third method described
above; we shall in “this case discover divarications
still more extraordinary. For by the numbers set
down it appears, that the horizontal distances of
the 2d and 3d shot on the two screens, and on the
wall, are as under:

Ist screen 2d screen wall
1L75. " 18,75 . 85,95

Here, if, according to the rule given above, the
distance on the first screen be taken from the dis-
tances on the other two, the remainder will be 7,
and 74,2 ; and these numbers, if each shot kept to
" a vertical plane, ought . to be in the proportion of

1 to 5, that being the proportion of the distances
of the second screen, and of the wall from the first:
But the last numbex 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 inehes; and this too ina transxt of
little more than 80 )ards
But further, to shew’that-these rrregulantles do-
not depend upon any: accidental circumstances of
the ball’s fitting or not fitting the piece, there were
“five shots njore made with. the same quantity of
powder as beforc:, hut with smaller bullets, which
ran much looser in the piece. ' Aund the horizontal
distances being measured in iniches from: the trace
of the first bullet to:each of the succeeding ones,,
the numbers were as follow L T
‘ ‘1st screen
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- 1st screen od screen wall
1to2 ¥ 15 6 R 31,1 R - 940R
-3 6.4 L 12,75 L 23,0 L,

. 4  47R 85 R 155R"
5 126R ¢>40 R ‘635R

- Here again, on’ the supposed ﬁxed position of
the piece, the horizontal distance on the wall, be-
tween the first and third, will be found to be- above :
I5: inches less, than it should be, if each kept to a
‘vertical plane And like. megulantles, hough
smaller,, occur in every other experiment. -*And if
they are examined according to the third method
set down'above ; and the horizontal distances-of
the third and f'ourth for mstance, aré compared,
these on the first and second screen, and on the wa]l
appear to be thus;

« ~1st screen 2d screen  * wall -

' 11,1 21,25 38,5

* And if the horizontal distance on the first screen
‘be taken from the other two, the remainders will
be 10,15 and 27,4; where the least of them, in-
stead of being five times the first, as it ought to
be, is 23,35 short of - it. - So that here there is-a
deviation of above 23 inches. '
- From all these experiments- the deﬂexrom 'in
uestion seems' to-be incontestably evinced. But
to give some farther light to- this subject, I took a
barrel of the same bore with that hitherto used ;
and bent it at about three-or four inches from its
muzzle to the left, the bend making an angle' of
8° or 4° with the axis of the piede. - This piece‘
thus bent, was fired ‘with aloose ball, and the same
quantity of powdex hitherto used,’ ‘the screens-of
the last experiment being still contmued It was
natoral to expect, that if this' piece was pointed
by the general direction of its axis;/the ball would
be canted to the left of that direction- by the bend
near its mouth. ‘But as the bullet, in passing
through that bent part, would, as I concelved be

O3 foxced

/
J
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. forced to roll upon the right-hand side of the bar-

rell, and thereby the Jeft side of the bullet would
‘turn,up against the air, and would incréase the
resistance on that side; I predicted to the com-
pany then present, that if the axis, on which the
bullet whirled, did. not shift its position after it
wds beparated from the piece, then, notwithstand-
jng the bend of the piece to the left, the bullet it-
self might be expdcted to incurvate towards the
right ;. and :this, upan trial, did most r¢markably

‘happen. . For ane: of. the bullets fired figm this
~ bent piece, | passed :through- the firat.screén aboat
"1% inch distant fram the trace of one of the shot

fired from the straight piece in.the last set of ex-
periments. On the second scréen the traces of the
same bullets were about three jnchegs distant, -the
bullet from the ceppked piece passing on both
screens to the left of the other; but comparing
the places of these bullets;an the wall, it appeared,
that the hullet from the crooked piece, :though it
diverged from the track. of -the other on the twq
screeus, had now crossed that track, and was de-
flected considerably-to the right of -it: so that it

was obvious, that, though the bullet from the

crooked piece might at first be canted to the left,
and had diverged from the track of the other buj-
let,. with which it was compared,: yet by degrees

" it deviated again to the right, and a littlé beyonc

the-second screen crossed that track; from which

-it before diverged ; .and on. the wall was deflected

14 inches, as 1 iemember, on the contrary side:
And this experiment is not only the most convinc-
ing proof of the reality of this deflexion here con-
tended for; byt .is likewise the strongest confirs
mation, that it is brought abbut in the very man-
ner, and by the.very circamstances, which we
have all along described, - - - :
These were the experiments exhibited for the

. cstablishi_qg of this new doctrine, and which,

being



e OF GUNNERY. , 215
béiﬂ%‘ performed in this public manner, and so ge--
nerally acquiesced in by those who were present,

+ o will, I hope, secure me from the harsh and male-
valent cemsures, which propounders of new opini-
ons gre generally exposed to.  This doctrine 15, I
confessj of so extensive an influence, and déstroys
such a multitude of theories, projects, and conclu+
sions, with which the medern writers on the art of

» gunnery have abounded, that it will not bhe agmit-_.
ted but with the greatest caution and difficulty :
but after the success.of the experiments here re-
‘cited (apd they bear but a very small proportion te

<. those, I have myself tried op the same oecasion) it
will not be easy, I conceive, to urge apy exceptions
against it, that shal] have the air of validity. , And
I think, I am so much master of this sulject, as to
undertake: the pefutation .of whatever, pbjections
shall be hereafter started upon this héad. . I haye
only now to add, that, as I suspected,. the consi- -
deration: of the, reyolving motion ef t‘he bullet,
compounded with its progressive motion, might he -
considered as a subject of mathematical, specylas
. tion, and that the reality of any deflecting force,
thence arising, might perhaps be denied by.some
computists upon the principles hitherto received of
the action of fluids: to prevent a too hasty discus-
sion of this kind, 1 thought proper to annex a few
experiments, with a view of €vincing the strai
< deficiengy of all, theories of this sort hithertq estar
blished, and the unexpected and wondeiful varie,
ties, which occur in these matters. . The proposi:
tion which T advaneed for. this purpose heipg, that
two equal surfaces meeting the air with the, same
degree of obliquity, may be so differeptly resisted,
that, though in one of them the resistance. is less
than that ‘of a perpendicular surface meeting the
same quantity of air, yet in the other it shall be
considerably greater. SR A
~To make out this pn%:osition, T made use of the
0 4 } '

-
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machine described in the first part of this paper,
and having prepared a pasteboard pyramid, whose
base 'was fout inches square, and whose planes
madé angles of 45° with the plane of its base ; and -
also a parallelogram, four inches in breagth and
5% in length, which was equal to the sutface of
the pyramid. - The .globe P was taken off from the
‘machine, and the pyramid was first fixed on; and
2lb. being hung at M, and the pyramid so fitted
as- to move with its vertex forwards, it performed
20 reyolutions, after the first ‘10 were elapsed, in,
3311. [ K . e PR PR L
" Then the pyramid being turned so that its base,
which was a plane of four inches square, went
foremost ;' it mow performed 20 revolutions with-
thé same weight in '38"5 T
" After this, taking off the pyramid, and ﬁxir:F on
the paraltétogram with.its longer side perpendicu-
Tar to' the arm, and placing its surface in an angle
of 45° with the horizon by a 'quadrant, the paral- -
lelogram with the same weight performed 20 revo-
lutions in:43"%. - I
* "Now here' this parallelogram and the surface 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 mude 20 revolutions in 33, whilst the
other took up 43";. And at the same time it ap~
pears, that a flat surface (as the base of a pyramid)
which meets the same quantity of air perpendicu-"
larly, makes 20 revolutions in 88"F, which is the
medium between the other two ; whence the pro-,
position advanced above is evinced, o
But to’ give another proof of this  principle,
which is still simpler; there' was taken a parallelo-
gram 4 inchés broad and 8} long ; this being fixed
at the end of the arm, with its longer side perpen-
dicular thereto, and being placed in an angle of
45° with the horizon, there was a weight hung on
at M of 8lb.;, with which the parallelogram imade
' : ' i ' ‘ 20

L]
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20&eV’oluti91is in 40"3.  Butafter this the position

. of the parallelogram was shifted, and it was placed
< with its shorter side perpendicular to “the arm,

though its surface was still inclined to an angle of.
45° with the horizon.. And now, instead of going

slower, as might be expected, from'the greater ex-
tent of part of its surface from the axis_of.the ma-

chine, it went round muth faster. For in this last
situation, it made 20 revolutions in 35"; ; so that
here ‘'were 5" difference in the time of 20 révolu-
tions, and this from no other change of circum-
starice, than as the larger or shorter side of the ob-

liqye plane was perpendicular to the line of its-di- -
*_ yection, Astothecauseof thisextraprdinaryinequa-

lity ; it is not my business at present to enlarge, nor
have I indeed as yet compléted all the experiments,

. I have projected on this subject. ' However, ‘thus

far may be easily concluded, that all the theories of
resistance hitherto established, are extremely . de-
fective, and -that it is only by experiments analo-
gous to* those here recited, that ‘this important

subject can ‘ever be completed: I' say important

subject; for surely a matter, on the right know-
ledge of which all true speculations on ship-build-
ing and sailing must necessarily depend, cannot
but be deemed, in this country at least, of the
kighest importance, both to the public interest of
the nation, and to the general benefit of mankind,

-

~
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“Of the 'Force ‘of fired G‘u'n')é';c’der,'.ﬁogétlzer
with the ‘Computation of the Velocjties

thereby communicated to Military Projec

ALL, that hath heen hitherto said in the preced-
ing papexs, hath principally related tPthg resistance
of the air, and its effects upon’ the motions of ' mi-,
litary p.rojcc.qilg,s.. . But the theoyy of gunnery in-

cludes in it thg knowledge of another matter nat’

Jess impartant ; 1 mean the theory of the action of
fired powdeny and the determination of the veloci-
ties.communjcated to bullets by its explosiop, |
. And this E:;t subject I have 'f'onnerlyoﬁcatcd
vpry aply ; and as, by all the experiments I have
since made, I fipd no reason to chapge mj opipjon
in any csseptial point, I shall here ipsertethe spb-.
stance of this doctrine in as concjse @ manuer as [
cal, togethpr'}y,ith some rules dednced fiop it for
computing the original velacities of l(gul[;t'sl Apd
thisarticle heing dispatched, I shall, in a future
apar, peaceed tg examiné how far the motions of
Kullets assigned by the two theories, I have delj-
vered, (that of the impulse of the powder, and

that of the action of the aii’s resistance) are con-
formable to the experiments, which have been made

in different places on the flight of shells and can-
non-shot. It is true, very few of these experi-
ments have been conducted with due attention, or
have been instituted with proper views. Howe-
ver, as I have collected every thing of this kind,
that hath at any time fallen in my way, and, as I
conceive, the comparison even of the most irregu-
lar experiments with the theory will be far from
disgracing it ;. I flatter myself, that this examina-

T : Coe tion

N
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tion will not be totally void either of curiosity or
utility. And, with rega#d to the present paper, I
shall only mentign, that all the propositions I am
going to.nsert, :on the action of fired powder, I
gmyps&xo demonstrafe by ;an txperimental pro-

ess, whenever a convenient season will permit me

to exhibit it before the saciety..

; « . ° 'PROP. L

- 1Guﬁgoﬁde? fired in any space,acts nearly in
, the same manner, as a quantity of air would do,
~which, was condensed a thousand times maore than
" the comwon air we breathe; and which, ‘in that
condensed state,. filled the same space, that was
taken up by the unfired powder. = ' =
The proof of this proposition depends on various
, ¢ experiments. made on the:velocities:of bullets, at
-their first issuing from the piece. It is true; that
different kinds of powder act with different degrees
of force ® but we suppose the powder here meant to
- be.made by the government standard. I must adg,
too, that some varieties will take place in this pro-
position, according to the different quantity of
pow(ler made use of, and the manner in which it
1s placed. However, none of these things are of
* moment enough to be attended to in' the formin
a general theory ; though they may hereafter, in a
proper place, merit a more particular discussion.
PROP. II. | .
Hence it follows, that the pressure of the pow-
der on the bullet, grows perpetually weaker and
weaker, as the bullet is farther impelled befare it.
-For as the bullet is impelled forwards, the in-
flamed powder takes yp more ifoom; and conse-
quently its elasticity is diminished. So that, for
instance, if the charge of powder in a twenty-four
-pounder takes up one foot of the cylinder, before
S . ' ' : 1t
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, it is fired, and the whole length of the cylmder be
" nine feet then when the bullet arrives at the
" mouth of the piece, the powger,extends through
nine times 'the space, it (Ild at-first; and conse-
quently exerts bu't + of its* original pressure ; a an%
the longer the piece 13 in proportion to the exten

of the char ge, the more is the action of the powdé}

dlmlmshed
. PROP III e

i T hough the veloc1tyof the —buller constgntly in-
creases by the pressure of the powder, yet its ac:
celeration, in passing througha given space, grows«

contmually less and less, as it approaches the mouth
of the picce; and. this on a twofold account. For
both the pressure.of .the powder decreases in the
manner described in the last proposition, dnd the
velocity acquired. liy . the bullet renders the action 3
of that pressure,’in passing through a‘given space,
less efficacious; for the faster the bullet moves, the
less it.is obvnously accelerated, in passmg’throucrh
a,given space, by the _pressyre: of the powder, whlch

follows it. .
s ' + PROP. IV

If the same piece be f red successiv ely with dif-
ferent charges of powder, the pressure of these
different chzuoes upon the bullet, in any mven
part of the’ banel, is neally in pxopoltlon to the
quantity in éach charge.’

This follows from the analogy established in the
first proposition, between the action of powder and
the-action of condensed air; for it is'well known,

- that the elasticity of air inclosed in & given space
is in proportlon to its quantlty

i

PROP Ve
, .

From the last. pro osmon it follows, that if w:th
different charwes th bullet ‘or shell be always
placed

1
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placeg in the same part of the barrel (as is the case
in mortars) then the collgctive pressure of various

.. charges will be as their quantities cf powder; and

to this collective fressure the square of the velocity
‘of the bullet will be preportionals - But: if the bul-
let be placed home upon the powder, so that with
a sigaller charge it is nearer the breech thanwith a
#get ; in this case the collective pressure of the -

- smaller charge will be somewhat more than in pro:

portien to itsgquantity ; for it will act through a
longer space than the larger charge; and in this

. ddditional space, as it lies contiguous to the first

inflamymation, the action will be most violént. But
it must be remembered, that if the disproportion
of the charges’is very great, the action of the
smaller quantity, from causes I haVe formerly

_mentioned, may be so far diminished, that the

last-mentioned advantage may not- take place.

-~

' SCHOLIUM.

From these principles all the various effects, that
can arise from varying the quantity of the charge;
the length of the piece, or the density of the bullet,
may be geometrically determined ; and hence all
the chiimerical notions, which have long obtained,
in relation to. these particulars, are easily confuted.
Far imstance, it is presumed by the greatest pant
of the practitioners in artillery, that there is one
certain charge for every piece, which will commu-
nicate, to the bullet a greater velocity than any
other charge either exceeding it or falling short of
it; and many trials have been .instituted for the
discovery of this important maximum: and some
professors of note have lately pretended to assign
this charge, telling us, that in'heavy.cannon . it is
about 4 of- the -bullet in powder, and 'in smalier
pieces about -one balf of the weight of the bullet in
powder.. But geometers well know, that ‘in the
- . ' foregoing
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foregoing ‘principles every augmentation of pgwder
* will increase the yelocity of the bullet, unless ghe’
chirge be so great as to fill up about 4 of the cy-
linder; then indeed an additiongo the charge may -
diminish the velocity of the bullet. But the quan
tity of powder thus assigped will in the shortest
. cannon amount to more, than is ever allotteg for
any operation of gunnery : for in a 24 pounder®
- will be considerably more than 30 pound.

Again, practitioners have generally supposed,
that in each species of cannou there was a certain
length, which communicated tq the bullet fired
from it a greater velocity, than could be commu-
nicated by either a shorter or longer, piece: but
from. the propositions inserted above 1t appears,
that this is 2 most groundless prejudice ; notwith-
standing the numerous ttials, which have been in-
stituted for its confirmation and . investigation.
For, by attentively considering the preceding 3d
proposition, it appears, that if two pieces of the
same bore, but of different lengths, are charged
with the same quantity of powder; the longer
piece will, rigidly speaking, communicate the
greater velocity to the bullet. However, unless
their lengths are extremcly disproportioned, the
velocities of their respective bullets will differ but
little: for instance, if a musket barrel of common
length and bore, be fired with a leaden bullet, and
half its weight in powder, and if the same barrel
be afterwards shortened by .one half, and be again
fired with the same charge; the velocity of the
bullet in this shortened barrel will be about ; part
less than, what it was, when the basrel was en+
tire; and if, instead of shortening the barrel, it
be increased to twice its customary length (whea
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

. o smalles-
. . | RN

«
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- smallgr the quantity of powder, the more inconsi-
dgrable will these alterations of velocity prove. So

_ that increasing or diminishing a twenty-four poun-
der, for instance;. by a foot in length, with its .
customary charge of powder, occasions no greater
change than that of ;% part in its velocity ; which:

" is & vatiation much too minute to be aseertained
1% Eny of the trials, which have hitherto been pro-
pused and followed for that purpose. : :

From the above-mentioned principles too, it
follqws, that the actual velocities, with which bul-
lets are impelled from their respective ieces, are
hence easily to be assigned ; whence their potential
randoms, or their Tanges at 45° in a vacuum, may
be rveadily known. The geometrical process for
this purpose hath been explained in another place,

. bat is rather too complicated for this paper; and
therefore to cnable those, who may desire the ex~
amination of experiments of this kind, to make
the necessary computations; I shall herelay down
some practical rules for that end, withoutentering
into their demonstrations. S 3

RULE L

If an iron bullet be fired with its weight of pow--
der frot a piece sixty diameters in length, its po-

“tential 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 in-
éreased or diminished, its potential random will bé
mcreased or diminished in that proportion. Thus
with-half the weight of the bullet in powder, and

- ptece‘of thirty diameters long, the potential ran-
dom Will be 30000 yards, and with a-fourth of the

weight of powder, and a piece of 15 diameters lotig;

1ts potential random will be 15000 yards. - -

~
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RULE IL .

If a leaden bullet be fired with its weight of pb\w "
der from a piece of 90 diameters long, its potential
- random will be 60000 yards; and if both the pow-
der and the length of the piece are together in-
creased or diminished in any proportion, the'po- °
tential random will be increased or diminished in *
the same proportion. ' '

RULE IIL

And generally, if bullets of any specific gravity
whateverare fired with their weight in powder from
pieces, whose lengths bear the same proportion to
60 diameters, as the gravity of these bullets bears to
iron ones of the same bulk, then the potential ran-
. dom of these bullets will be likewise 60000 yards ;
and increasing or diminishing the powder and the
length of the pieces together in apy ratio, the po-
tential random will be increased or diminished in
the same ratio. * But it must be observed, that in
all these instances the bullet is supposed to lie close
to the powder, without any void between, and the
~ windage to be the least possible,

RULEIV.

~ To find the potential random to any given piece,
bullet, and charge, proceed thus: first find what
length of piece (estimated in diameters of the bul-
let) and what potential random corresponds. in the
ppreceding rules to the given charge of powder, call
~ this potential random A ; then if the length as-
signed by the rule is the same with the length of
the given piece, this number A is obviously the
potential random sought. But if the length of the
given piece be more than the length deduced fr:hm
. S the

N
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the rules s then take the difference: of thé tabular
logarithrhs of these two lengths; - and multiplyimg
ths différence into'« A (the logarithih of 10 being
supposed unity) ‘and thén adding’ the resutting
product o' A, the sum will be the potential ran-
dom required.. If the given 'piece falls short of
the length deduced from the rule, instead of ex-
ceeding it ; then the ploduct of the difference of
the logarithms into A must be taken from A,
* and the’ remainder wilb be  the potential random

. osought. . ool
Of this. process take the following example, ads -

apted to an experiment. made by Anderson. Sup-

pose it be required to detormirne the petertial ran- -

dom of" a.piece 17 inches :long, carrying a five
pound iron shot, :and fired with three ounces of
,pOW(lel'.%' AR R

" The powder hare. is:about % of the iron bullet,
and the length of thepiece about. five diameters of
the same ; and by the'second rule it appears, that
a piéce about 24 diameters long, charged with this
proportion of powder; would have a potential ran-
dom of about 2220 yards: but the piece in ques-
tion being five diameters long, the difference of

the logarithms of § and £; must be multiplied -

mto 2220, and the product, which is about 780,
- must-be added to 2220 ; because the given piece
_is loniger than the length deduced from the rule;
and' their sum, or 3000, isthe potential ran-
dom sought.  Where note; that'in these compu-
tations a scrupulous nicety is altogether unneeces-
sary; ‘s rigorous and geometrical determination
* being scarcely compatible with the nature of this

- subjeet.
T RULE V.

_ The former rules being suited to those cases,
where the bullet is placed home upon the powder,
as in chrnon ; to adapt them to mortars, when a

. part.

-

P
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partof their chamber only:is filled, we must pro-
ceed thus. First find, by the preceding rules, what
will be the poteiitial randem, if. the whole cham-
ber-was fillefl with powder; and ‘then reduce the
random:thus found inithe proportion of the.whole
chamber, to the part .of it occupied by the given
charge. - ' T T O IR
1.0 ooow SCHOLIUM. . .0 o 7

.. ‘These are all the necessaty yules, for computing
‘the potential randoms of sf)'ells and bullets; it 1s
true, that the density of powdes, and other casual
circumstances, will occasian considerable varie-
ties ; and will oftentimes render the result different
from these: computations ; hut the irrégularities of
this kind, are neither so great, nor sa frequent, as

may be imagined. And those, who consider the.al-

nost infinite complication of' this subject, .and the
ignorance in-which the world has long continted
of .the force and mode of action of fired gunpow-
der, will deubtless grant, that.any pretence of ex-
hibiting the velocities communicated to bullets by
its explosion; would some time since have. been
treateéd as a chimerical undersakiiig ; and therefore
I cannot but conceive, that.the strange and scarcely
credible coincidence of ‘the eomputations. bere
given, with the result of numerous trials made: un-
der diversified circumstances,. is a matter well me-
riting attention,-and strongly confirming the the-
ory here advanced ; especially 2s. the causes, which
often render these computations. less accurate, .are
such, as might be reasonably:expected. from.the
nature of the. theory to intervene.. The circum-

stances, in which the trials and the computations .

are fre§uently found to differ, being those that
follow. : .
Firse, If the quantity of powder be extremly
small in proportion to the size of the piece, and to
the weight of the bullet to be impelled; the velo-
/ ‘ city
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city communicated :to; the bullet:will fall short of
the computation, = Thus, fon ipstance, a musket-
bullet, fired from a common piece. with. i pa{it.-of
its weight. in powder, has a velocity ‘heax. a. thitd
part less, than it ought to have by the:former

" rules. Cope el (R RCRTS ATt T
- Second, If in, mortars.chirges: arve-made" ush. qf,
filling up .but a:very small part.iof ithe chambgs,
in this case the:real velocity, df the shell will fail
considerably shozt. of its eomputed. quantity:, As
for instance, if into-a chambes:capable of holding
61b.. of powder, there is put no mere than ;lb: the
velocity may mot perhaps be. more than half;,6x
even a third, of what it ought to.be with a cem-
parison of the effect of larger chagges. = . 1,
Third; And in every case a considerable wind-
age will sensibly. diminish the_ effect of the.pow-
der; and, on the contrary, if the touch-hole, is
small, and the bullet and piece fit.very exactly, the
effect of the powder will be thereby augmented,
especially in large charges. So that the potential
randoms computed above may: be then, found

RN ZERT R

perhaps defective, and may possibly require .to be |

.augmented a fifth or sixth part. ., e
Fourth, There is besides some difference in: the
manner of placing the powder; for; the same quan:
tity of powder acts rather more violently, when it
fills up a long cylinder, than when it fills a shorter
cylinder, with a larger base; at least there seems
to be some advantage in lengthening the cham-
ber, till its length is near three times its diameter.
In small quantities of powder this difference in the

form of a chamber occasions very considerable va: -

rieties of the impulse of the bullet, as hath been
formerly shewn to the society by Mr. Hauksbee.
But in large quantities of powder, :and. such as
bear a great proportion to the weight of the hul-
let, I conceive the effect here mentioned to be of
less moment. , L -
Pe . ' The

e
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* The rules and methods of ¢ tation inserted
above, assign only the potential random of the

rojectile in yards ; but if the velocity, with which -
_the projectilé moves, be required, this may thence
be easily found from the common theory of fall.
ing bodies. However, the shortest practical me-
thod of determining the velocity from the poten-
tial random, is this. From the number express-
ing the yards of the potential random take away
oy of itself; then annexing two cyphers to the
end of the remainder, and extracting the square
toot, the resulting number will be the feet, ‘which
the projectile will ' move in a second : not differ-
_ing from the truth by much more than %+ patt.
And if the wvelocity was given, and the potential
random was sought ; this may be determined from
+the same principle: for multiplying the feet the
body moves in a second by itself, and adding to
its & part, tHis sum, when the two last iguresare
cut oft, will express the corresponding potential
random in yards. . SR
- And tow having delivered the essential rules for
computing the potential random; and the ofiginal
velocity of shells or bullets fired from given pieces
with given charges of powder; and having m a
former paper given the method of computing the -
actual ranges of these bodies; I have hereby com-
pleted all the - precepts, which are necessary for
tc;)amparing the result of any experiment with the

eory. e :

An{l as an example of this comparisen, I pro-
pose 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
theory adapted to them; whence those, who en-
tertain any doubts about the truth and sufficiency
of the doctrine, I have hitherto advanced, may be
furnished with ample materials for the discussion
of their doubts, and may thence, I hope, be ful(liy

, , . convinced,
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convinced, that the coincidence between these di-
versified trials and the. preceding rules; can only
arise from the reality and certainty of the princi-
ples, on which these rules are founded."

Rs - - No.V.



‘No. V.

A Comparison of the Experimental Ranges of
Cannon and Mortars with the Theory con-.
tained in the preceding Papers.

AFTER laying down in ‘the preceding papers,
No. II. and 1V. the principles for calculating
both the velocity a bullet acquires from -the ex-
plosion of the powder, and the distance it ranges
to, at a given angle, in consequence of the air’s re-
sistance; I shall now compare the result of these
computations with the actual motions of military
projectiles. . And in this comparison, I hope,
there will appear such a coincidence of theory
with experiment, as cannot be supposed to take
“place in any false or fallacious hypothesis. Espe-
cially too, as all the experiments, I shall here pro-
duce, are-such, as have been made by others;
many of them long since printed, and all of them
originally instituted with views very different from
the subject of this essay. So that it cannot be
pretended, I have wrested the result of them to
make them suit the better with a favourite pre--
- possession. _ '
As it may perhaps be suspected, that the strange

. coincidence between the trials and our theory,
which on examination frequently ‘takes place m

this subject, is principally owing to the errors in

the different parts ofP the theory balancing each
o her, so that, for instance, the force of powder

157 be assigned too little, and the resistance of

th. sir too great, or wice wersa : to obviate this

suspicion, I shall first establish the truth of my

determination of the force of fired powder, by ex-

amining the range of shells projected from large

mortars. For in these the resistance of the air

' is
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‘is ot all'accounts ‘of much less efficacy ‘than in
cannon-shot. So-that here a considerable change
in the law or'quantity of the resistance would oc-
casion ‘but slight alterations: in the ‘ranges; ‘and
therefore, if the actual experimented ranges “of
these bodies correspond to the quantities assigned
by our rules, we may rest satisfied, that the real
velocity, they acquired from the blast, is not veény
different from what we have ascribed to them;
‘and consequently, our theory of .the action amd
force of fired gunpowder may be safely applied:to -
swifter’and minuter projéctiles. - .. .. -

Our first example shall be of the'18 inch sea-
mortar, containing in ‘its chamber -301b. of pow-

“der; these mortars are generally inlength about
two diameters of the bore, independent of the: ca-
pacity of the chamber, so that the whole must be
esteeined more thian 25 diameters. By an extract
from the books of practice kept at #oolwich 1

_learn, that this mortar elevated to 45° and fired
with a full charge of powder, throws a shell of-
123 inches diameter to the distance of 3350 yards,
the shell weighing 2311b. ' o

This shell is nearly £ of the weight of:a solid
iron bullet of the same diameter, and the powder
is =% of the shell;' by computing on the princi-
ples laid down in rule the 5th of the preceding
paper, the potential random will come out very
near 5000 yards, and the F will be 3060 yards.
But as this shell in its flight rises to the perpendi-
cular height of about 1000 yards, where the air is
rarer by near 4 part than below. 'On this account -
the medium resistance will ke diminished by about
+% part, and augmenting the F in the same pro-

ortion, it becomes 3264, whence, by: thé corol.
ary-of the ad proposition of our.2d - paper,rthe
actual range comes out 3230, differing . froim :the
experiment - by no moté than 120:yards;, so that
with this prodigious charge -of powder, .by far the

- | P4 greatest

I ' .
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.greatest used in any military projectile; the actual
wvelacity of the shell differs but inconsiderably from
what is ascribed to it by the preceding theory.

The same meortar fired with 26lb. of powder,
and elevated to 45°, threw its shell to the distance

of 3100 yards. , .

Here the potential random by our rules is abeut

4330 yards, and, retaining the F of the last exam~ -
ple, the actual range by our computation comes
out 2980 yards, which is short of the experiment
by 170 yards only. .

- At the same time, that I procured an account

of .the experiments fram #oolwick, I learned, that
aten inch ship-mortar elevated to 45° and fired
with a full charge of powder, which was 12lb.
threw its shell.of 96lb. weight, to the distance of

3350 yards, .

. This mortar was above a diameter longer than
the thirteen inch mortar of the last example, so
that it cannot be esteemed shorter than 3,6 dia-
meters ; and the shell.is about 3% of a solid bul-
let; whence, computing on the foregoing princi-
* ples, we shall find, that the potential random as-
signed by our theorg,vis about 6230 yards, and the
.F 2057 yards, which, properly augmented for the
diminished density of the atmosphere in the upper -
part of its flight, becomes 2200 yards nearly, and
thence the corresponding actual range should be
- 8190 yards, which is no more than 160 yards short
of the experiment. ) A ,
- The next example shall be of a.thirteen inch
mortar for land service, being two diameters in
length, its chamber capable of containing above
9lb. of powder, ‘and. its shell weighing usually
about 200lb.: This mortar elevated to-45° and
chaiged with 9lb. 1 oz.. of powder, threw its shell
to 2000 yards distance. ' _

.. Computing upon the former prineiples, we shall
find the potential random of this shell to be about
- | ] 2797
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2797 yards, and the F to be 2672 yards; whence
the actual range assigned by our rules is 1980
yards, only 20 yards different from the experiment.
. The same mortar elevated still to 45° add
charged with 4lb. of powder, threw its shell to
- 1000 yards distance. . In this instance the poten-
tial random is about 1200 yards, and thé actual
range thence comes out somewhat more than 1050
yards. So that here too- the experiment and the
computation differ but little from each other.
_ I bave in this manner examined the ranges of
mortars of all diameters, and I find, that unless the
charge bears a very small proportion to the weight
of the shell, or tothe capacity of the chamber, the
- computations and the experiments correspond to a
sufficient degree of exactness; and even in small
charges, when proper care is taken to fit the bul--
let or shell to_the piece, to prevent the exhalation
of the flame, the actual ranges in most cases differ
_but very little from the computation. :
From the coincidence of these diversified trials
with our computation, we may safely conclude,
that the force and mode of action of fired powder,
is nearly such as our theory supposes; and that
therefore this theory may be safely adhered to, in
~determining the potential randoms of every kind
- of artillery. For, in the examples we have exhi-
bited, the resistance of the air is of much less effi-
cacy than in cannon-shot: so that we cannot err
much in deducing the real motions of these shells
from their experimented ranges. Having thus
therefore, as I presume, established that part of
‘the theory, which relates to the action of powder;
we"will now proceed to the discussion of such ex-
periments, as are best fitted to confirm the other
part relating to the resistance of the air. This
will be best done by the ranges of cannon-shot;
the examination of which therefore shall be the
- business of the remaining part of this essay. °
0 : I shall
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I shall begin with those recited by St. Remy, in
‘his memoirs: of artillery, Vol. . 1. page 69 ; where ®
he tells us, that pieces of cannon of the customary
-calibres, all of them ten feet in length, pointed at
45° and loaded with two thirds of the weight of

the bullet in powder, ranged thus. - .- )
1b. ' " toises. -
The piece of 24 —— = —— 2250
- of 16 - —- 2020 - .
of 12 — — 1870
of 8 —  — 1660
of 4 — 1520

according to the given length of these pieces, and
the diameters of the respective bullets mentioned
by St. Remy, the potential random in English -
yards, and the F corresponding to each bullet in
French toises, are nearly these.

Ib. . Potential Random ' Ftoeach .
Pieces of 24 30000 yards 825 toises
16 32400 720. .
12 34000 650
‘8 86650 . 570
40000 450

But before we hence compute the actual ranges
from our theory, it is necessary to observe, that
these shot at the highest part of their flight move
in air having little more than § of the density of.
. the lower part of the atmosphere ; and therefore.
the F above assigned to each of these bullets, ought
to be increased by 4 part. “When this is done, and
the potential randoms are reduced on aecount of
the treble resistance, in the manner. formerly ex-
plained ; we shall find the actual ranges deduced
trom our theory, to differ but inconsiderably from
the experimented ranges given us by St. Remy,
‘This will best appear by the inspection of the sub-
joined table. - S

Pieces

a
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e Pieces. Exl'beriménted ranges, Actual ranges, -~ Errors of Theory.

. . . by our theory. .
Pounders. = Toises, = Toises. ' * Toises,
© 94 - 9250 2255 + 5
" 16 2020 " 2100 ¢ + @ 80 °
12 1870 1990 + 120
8 =~ 1660 © 1804 T+ 144
4 1520 1558 + 38.

'St. Remy in the same place tells us, that pieces.

of the same bore with those already mentioned,
but somewhat shorter, were tried with half the for-
mer charge, or only 4 of the weight of the bullet
in powder, and that at 45° of elevation they rang-
ed nearly at the same distance as the others. How
well these experiments correspond to our theory,
Jet the annexed numbers declare. '

Short pieces fired -~ Expernmented Actual ranges Errors of t‘.heory. .

with 4 of the ranges. by our theory. .
powder only. } Toises. Toises. Toises.
24 2250 - 2165 — 85
6 - 2020 2020 0
12 1870 + 1920 + 50
8 - 1660 1740 + 80
4 1520 1510 — 10

Our theory is still farther confirmed by the tri-

als made by the French at La Fere -in the year’
1739, and at Metz in the year 1740. As manus- .

cript accounts of both these sets of experiments
have casually fallen into my hands, I shall here re-
Iate the principal experiments occuring therein.

The trials at La Fere were made with the usual
pieces of all the preceding calibres, chargéd with
various quantities of powder, arid elevated to 4° to
15°% and to 45°° The 24 pounder was besides
fired at eight different elevations from 4° to 45°.
At'Metx no other piece but a 24 pounder was
made use of ; this was constantly elevated to 4°,
and was loaded successively with different charges
of powder from 8lb. to 201b. '

4

As the trials at La Fere, made at 45° of eleva- .

tion,
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tion, do mot materially differ from these recited by
St. Remy, they require not a new examination,
We shall. therefore praceed to the experiments
with the 24 pounder'at seven different elevations
short. of 45°. In these the charge was always
9lh. of powder; the actual range at each time,
and the corresponding numbers assigned by our
theory, may be seen in the following table,

~ Angleof  Actua] range of24  Ditto by Errors of
elevation.  pounderat La Fere. ougtheory. ' theory.

. ' Toises Toises, = Toireh
40° . . @050 - 2096 + 46
85 2020 - 2080 + 60
30 1910 2038 + 182
8 1885 . . 1930 -+ 105
20 - 1740 1820 + 80
15 1675 . 1620 ~— 55
4 : 820 725 . — 95

In these computations I have made no allow-
ance for the ascent of the bullet into a rarer air,
which would still enlarge the ¢omputed ranges,
and increase the errors of the theory. :And though
even then the agreement hetween our numbers
and the actnal ranges is mueh greater, than might
be expected, considering the variety of these trials,

“and the uncertainty and irregularity, which con-
stantly intervene in all experiments of this nature;
yet I can venture to predict, that, if these trials
are repeated with due care, and necessary precay-
tions are taken, the difference between their result
and our numbers will be still less, than what ap-
pears in the foregaing comparison ; there being se-
veral reasons, not necessary to be here discussed,
which render all, that was done at that place,
less proper for the examination ef a theory, than
what was afterwards executed at Mets, But to
proceed. , _ .

The next trials in order were those made at La
Fere with other pieces at different angles. All

" these,
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these, with the correspenditig: nurbess deduced
from our theory, I have comprised in the annexed
table: where-1 must observe, that the same angle,
which in some places-of the manusctipt is denos
minated 4°, in other places is presumed to be 5°.
“And if this be allowed, our numbers, which in
these small angles at present are defective, will
then agree to the trials without sensibie error.

Pieces, Pounda  Angle | Actual - dotual rapge  Errors of

of elevation.  range. by theory.  theory.

powder. ’ * Toises. . Toises.  Toises.

16 -6 15 1780 1540 240
16 =~ 6- -4 82 - 707 ‘118 .

12 & 15 -~ 1500 1440 60

12 4 4 - 820 680 - 140

8 - 8- 15 1440 - 1320 120

8 3 4 0 TT0 650 120

4 2 15 --1500 ° ‘1200 - 300
4 2 6 - 862 780 — 82

Having now done with theexperiments made at
‘La Fere in 1739, where- from the nature aad in-
~ tention: of the trials, and the exceptionable ‘man-
ner of selecting them, a nearer coincideace with a
true theory could net be expected: we will next
proceed to-the comparisen of those made at-Metz
the year follbwing; these were exeecuted.- with
muchnore<are and attention, and-are related with
more carmdour and distiactaess ; for here the re-
- sult of each trial is set down; whereas in the
others the mediums oaly were given, and these
too curtailed aceording to the fancy of the rela-
tor. The ouly piece made use of at Metz was a
24 poander 10 feet .in length, -as 1 have already
observed ; this was loaded with different charges
of powder from 8lb. to 20lb. It was constantly -
elevated to 4°; but as it was placed 78 feet above
the plain, oa which the bullets fell, this amouats at

a medium to another degree of elevation ; esteem-

ng
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ing therefore the angle to be 5° the result of all
these trials (which were continued for three days)
~ is here represented, together with the correspond-+
ing ranges deduced from our theory. - :

" Pounds A(.;tun!
: of ‘ range.

.. powder.  Toises. -

799 .
844
829 -
887
715
917
855
812
742
806
870
854
854
822
858
826

:856

1010
735
900
783
834
872
851
845
871
838
837
784
950’
892

LTI ISt ol [ fw
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808 -

NERRRRR RN RN RN RN

111

B N ey ey
&

* Dittoby

our theory,

" Toises,
‘836 . -
843 « =—
— Sy
ﬁ"' '—
SES—— ——
._n —
850 —
1 l ‘
L ——

A+ l+ ]+

. Errors of

H
Tewr
+ 37

e 7.
— 51
+:128
— 74 "
— 12
+.. 31

+.- 101

37

27

11

11

15
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i 'Pounds ‘~2 Actual . ‘Ditoby -~ «wBrrorsof i
' of .t range, , .ourtheory. . .. theary.

' powder. . Toises. ~ Toites. """ “Toises.
__:___792_. —_— e g 65
— — 830 — —— — 4 27
Mg =" 812 =~ 864 — + 52"
— e 807 == e — BT
— — 882 — ==— — — 18
— o 899 A e — o 35
=T B = — ¢ ge
14— ' 840 — 878 '+ — + 38 '
- — 878 — ——— — —~ .0, ~

. ="Te—="950 " _— — =7

Lo 1060 — —— — 182

Joe— — 8483 — —— — 4 35" "

‘1 160 — 1000 — 891 — ' — 109 E

: -- — 898 —— — — 07 "
Q70— e g 79
L ggs LI 4 56
18 — 950 — 903 ' — — 47
— = 1000 — —  — — 97
20 — 1100 — 916 —' — 184"

841 — —i

From the inspection of these numbers we may
collect the strongest proof of .what, we. have fre-
quently asserted: upon other occasions; ¢ That
‘“ our  theory differsless from the experiments,
‘“ than the - experiments ‘do “from eacl}’n other.”
Since here, in the repeated trials with nine diffe-
rent.charges of powder, the least of 8lb. and the
greatest of 20lb. there is but-one charge only, and
that repeated but twice, where the difterences from
the theory fall the same way. I therefore cannot
doubt, but'if a like series of trials with these were
made at much greater angles, the result would be
altogether as sconsonant to our numbers, though
it is evident enough from the preceding table, that '
little regard can be paid to single tna 8; since llln

the
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the two experiments with 20lb. of powder, the
difference in range is 259 toises, and with glb. of
powder the difference of two subsequent ranges is
275 toises ; whereas the theory in no instance dif- -
fers from the medium of any of these trials more
than 75 toises. Hence I conclude, that till 2 num-
ber of trials shall be made at large angles; it can-
not be determined, whether the great dijfferences,
which o¢cur in the examination of some of: the
ranges at La Fere, are to beimputed to the theory,
or to the uncertainty and insufficiency Qf.,th_atrixs
themselves. . S - -

- .The trials hitherto considered might_abundant-
ly suffice for the confirmation of oufprinciples;
but before I conclude this subject, I chuse, for
- particular reasons, to examine the experiments
made at Woolwich in the year 1786 with 24 poun-
ders of different lengths, Thesé experiments were
undertaken on a false presumption, that there was
.a certain length for cannon, which enabled the
iece to shoot more efficaciously, than it would.do,
if it were either longer or shorter: To determine
this proper length, pursuant to this erroneous hy<
pothesis ; six 24 pounders were cast of the same
weight, the shortesteight feet long, and the longest
ten feet and a half. These were all loaded alike,
and were elevated to 7°3, at which elevation five
shot were made with each, and the mednms
taken; whence an estimate was proposed to bé
made of the effects of these different lengths, and
it was from thence decided, that the pieces of 9

and 9, feet long, ranged farthest. A

Before we compare the result' of these ranges
with our theory ; it will not be impertinent to con-
fute the fallacious determinations, which have been
from thence deduced. By our theory the longer
pieces ought to range farthest; but the varieties
* are too minute to be ascertained by trials of this
kind. Since on our principles the ranges with the
1 - pieces

\
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.pieces 9 and 9; feet long ought not to differ by
more than 35 yards from the ranges of the short-
est and the longest. . And yet two subsequent trials
with the 9 feet piece difter from each other 650
yards; and the medium of the trials with that
piece on ditferent days (for they were repeated
three days successively) difter from each other 300
yards. It appears then from hence, that it will
be a vain attempt to endeavour to ascertain the
effects of cannon of unequal lengths by trials of
this nature, which on a repetition vary twenty
times motve from each other than the whole differ-
ence by this means proposed to be discovered.
But to preeeed.
If in these experiments the powder was half the

. - weight of the bullet (which, I conceive, was near-

ly the case) the, potential random then to pieces
of 9 and 91 feet ¥ong, which are the mean lengths,

- will be by the theory about 25,000 yards, which
reduced on account of the treble resistance be-
comes about 16,200 yards, and the diameter of a
24 pound shot being nearly 5 and 3 inches, F is
1700 yards, whence the actual range at 7°z is
about 2400 yards. And as these shot all fell into
the water, if the surface of the water be supposed

10 yards lower than the platform, on which the
pieces were placed, the range will be augmented
at a medium near 60 yards more on that account;
whence the whole becomes 2460 yards, which is
sufficiently consonant to the trials; for I find,
that a medium of all the shot made with the dif-
ferent pieces was on one day 2584, and on ano-
ther day 2524, and on the third day 2470, where
the greatest difference is on the first day, and
amounts to- 124 yards; which, after what has
‘been. observed of the irregularity of these trials,
must appear an error too slight to.be regarded.

And’ here I might safely finish this examina-
tion; butas Eldred, our countryman, who, a]bdve
‘ . a hun-
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‘a hundred years sigce, was master-gunner of Do-.

ver castle, hath delivered in his writings some
trials made in very unusual pieces with uncommon
charges of powder; I shall conclude with insert-
ing 'a few of his experiments, both-to shew their
conformity with our theory, and as a matter of
curiosity likewise. :

The first experiments, I shall. x;ela.te ffbm him, " .
were those made with. a demi-culverin 10 feet 8

inches long, carrying a 9 poundiball, and loaded
with 71b. of powder. A T »
This piece elevated to 10°, and having 2° more

on account of the advantage from the heigit of -

the clift, upon which it stood, ranged%o the dis-
tance of about 2840 yards. , ,
If the powder used by Eldred was of the shme
fabric with the present government powdey, the
potential random would be aboht 38400 yards,
. which reduced for the treble resistande begomes
18600. And F being 1200 yards, the actual range
at re° is by the theory 2820 yards, agreeing with
great nicety to the experiment. '
But the most singular trials, related by Eldred,
are those, he made with what, he styles,the basi-
lisk. This is the long piece well known to all,
who have seen Dover castle. [Eldred tells us,
that this piece, which carries a 10lb. shot, and is
23 feet in length, was tried by him several times
with a load of 18lb. of powder, and that at -two
degrees of elevation, it ranged 1200 yards, and at
° + it ranged little short of 2000. '
This piece may be esteemed about 65 diameters
“in length, and according to our theory the poten-

tial random with 18lb. of powder should be about '

84000 yards, which reduced on account of the
treble resistance becomes 24200 yards, and the F
to a 10lb. shot being 1240 yards, and the actual
range at 4° 3 is by computation 2080 yards, and
the actual range at 2° about 1180 yards, bot{ll of

: 1 - them

-

-
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them extremely near Eldred’s_experiments; only
¥t must be observed, that in very small angles,

" and very large potential randoms, the method of
reduction we here, follow on account of the treble

* resistance, will give the actual ranges somewhat
less than their true quantity. .

I must observe, that these last experiments;
with the basilisk, furnish an incontestable proof
of the prodigious augmentation of the resistance
ih great velocities: beyond its customary rate g
since from other experiments I am satisfied, that
thjs piece, with 2lb. of powder only, or ; of the

- “chatge given by Eldred, would have ranged at
4° 3 to ful¥ 1500 yards, unless its windage is enor<

* mous. So that by augmenting the charge ninefold,

" the aetual range is only increased in the proportion
of 8 to4. Norlet it be supposed, that in this great

: charge the rules for computing the velocity of the

- bullet, or #ts potential random, may prove defec-
tive, on account of the immense celerity, with
which the flame of the powder must expand to
continue its impulse all through the cylinder; let
not this, I say, be supposed, since by experi-
ments, whiéh I myself have formerly'made, and
which are recited in another place; it appears,

. that in a barrel similar to the basilisk, but of a
small bore, a charge of powder, which filled up
+ of the piece, and therefore in proportion to the
piece was greater than that used by Eldred, was
not found in its effect to be deficient from theory,
but rather exceeded it, asindeed all large charges,
instead of falling short of the force to be expected
from them in proportion to their quantity (which
according to the vulgar - prepossessions on this
head ought constantly to happen) do never fail to
receive some additional efficacy from their increased

. quantity, beyond what is assigned by theory; so

that I do not conceive, the potential random, as- -

- signed above to the shot made with the basilisk,
: R Qe © was
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was more than it actually received, unless the
powder was infériof to that used at present, which,
I know not that there are any reasons to believe.
If then the potential random of these shot made
by Eldred is nearly of the quantity exhibited 'by
ouf computation, or about 84000 yards or 47 -
miles ;. it follows, that its actual range at 4° {, as
tried by Eldred, is not the seventh part of the
potential range at the same angle. And its actual
range at 43°, I affirm, will be little more than'the
twentieth part of its potential random, or its range
at the same angle in a vacuum ; so-prodigious are
the effects of the air’s resistance on these powde- -
rous bodies. % T e :

These are all the ‘experiments I have thought
necessary to insert'in the present essay ; not that
they are a tenth part of those, I have collected
and computed for my own satisfaction. 1 have
chosen experiments made by others, rather than
such as have been made by myself, that no suspi-
‘cion might arise of their being unfairly twisted to
a concurrence with my theory.. And I have se-
lected such, as were made with large mortars and
cannon ; because it hath been urged against the .
experiments formerly recited in my new ‘principles
of Gunnery, that as they were made in very small
pieces, their coincidence with the theory was no
proof, that in largequantities of powder the same
would take place.

*,* The following tracts also have been never

yet published, except the second, which is now
reprinted from a.copy corrected by the author.

- Practical
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Practical Mazims relating to the Effects and
Management of Artillery, and the Flight
of Shells and Shot. :

-

THE preceding papers, containing the general .
principles of the real motions of projectiles ;- it
might perhaps be imagined, that after the many
proofs already given of the coincidence of these
priciples with the actual motions of shot and shells
- of different kimds, nothing more need be added,
in explanation or confirmagon of this new theory.
But as it frequently happens, that the clearest de-
ductions are of little efficacy against the influedce:
of long established prejudices; I therefore thought
- it might not be altogether useless to trace some of
the articles relating to this subject in a more po--
pular manner; as I conceived, they would be more,

" readily considered in that form, by those, whose.

prepossessions would prevent them from a too la-
borious attention. And, as this essay is principally
intended to rectify the erroneous opinions, which
at present prevail m relation to the nature and ef-
fects of artillery; I thought that purpose would
be most effectually answered by distinctly discuss-:
ing those opinions and evincing their falschood, -
and the fallacy of the experiments on which some
of them are pretended to be founded. For though
the establishing the true principles of any art by
incontestable proofs may be thought a sufficient
confutation of all such suppositions, as are con-
trary thereto ; yet with such, as are biassed by au--
thority, prescription, and habit, this general argu-
ment is of little moment; it being necessary for
their conviction (if that be at any time possible).
to enter into a formal examination of -their fa-
vourite hypothesis, whatever it be, and to shew

3 . where .
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where and in what manner their conclusions are
defective. This being premised, we now proceed
to our maxims, :

N

-MAXIM I.

In any piece of aftillery whatever, the gre’afer
- quantity of powder it is charged with, the
greater will be the velocity of the bullet.”

It is vulgarly supposed, that the powder, with
which any piece is loaded, fires gradually alj the
time, the bullet is passing through 4he barrel; and
thence it has been concluded, that there was a cer-
tain charge, which: would be just consumed at the
parting of the bullet from the mouth of the piece.
This, 1t was determined, was the proper charge for
the piece in question ; and if more powder than this
was made use of, .it. was presu'm , that ¢he added

rt. would nottake fire, and therefore would by
1ts weight diminish the action of the rest; so that
from this reasoning it followed, that by augment-
ing the pawder beyond the supposed proper charge,
the velocity of the bullet would be: diminished.
And.it is usually imagined by the modern artille- -
rists, that this proper charge is not more than one
half, nor less than one third, of the weight of' the
bullet in powder. oo T .

This is the: substance of the usual speculations:
on the present subject ; every .part of which is alto-
gether erroneous. For neither does powder fire
inithe gradual-manner here supposed (as we have
.amply demonstrated in another place) nor is there
any practical charge so great, but that, if it be

-augmented, the bullet will be thereby more vehe-
mently impelled. For, examining a piece of  the
ssmallest bore in general use, 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
o ‘ - - was
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was fired against a beam of oak placed ten yards
from the muzzle, the bullet ‘penetrated at a me-
dium 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 powder, the penetra-
“tion into the same beam was not less than 10 inches.
I have made many trials of this kind (for in small
pieces there is little difficulty in repeating them)
and I have nevewfailed to observe, that increasing
the charge, atleast as far as to twice the weight of
the bullet, always augmented the penetration of
the ball into a solid. body ; whence its augmented
velocity is easily evinced. . And if it is asserted,
that in larger pieces, whoseYengths are less in pro=
_portion to their bores, the same effects-would not
take place: I should answer, that if the method
of proving a 24 pounder (the largest piece in comes
mon use) be attended to; the circumstances oc-
curring therein will be a sufficient confutation of
this assertion. For if the heat of the piece, the
violence of the explosion, and the penetration of
the bullet into the butt of earth be examined ; it
will presently appear, that with the whole weight
of the bullet in powder, or even two thirds of that
weight (the usual quantities for proof) the velocity
_ of the shot is muc%greater than with the custom-
ary charges, which are about half these quantities,
Since if (as is usual) the butt of earth for receiv-
ing the balls be but little removed from the mouth
of the piece ; it will be found, that the depth, to
which the bullét pierces, with the proving charge,
will be more than a third part greater than with the
charges commonly allotted for service. Hence
‘then we may conclude, that the supposition, that
an augmentation of powder beyond the usual quan-
tity diminishes the effort of the bullet, is in every

instance erroneous. :
- If it be demanded,. how an opinion, which is to
be thus easily confuted by facts, which occur in
3 Q4 almost
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almost every day’s practice, could be so long and.

- so eagerly supported; I answer, that the plauslble

hypothesis of the gradual ﬁrmo- of the powder did

doubtless first give rise to it. And when it was

‘once advanced as a matter of speculation, there

were not wanting those, who pretended to confirm”

it by. experiments on the ranges of picces different-

ly charged. What these experiments were, and

wherein their fallacy consisted, we shall explam-
more at large hereafter.

I have, in the establishing this maxim, confined
myself to the consideration of the charges and .
pieces in general use. For if a piece be so short,
or the char rge be so gheat, that the powder takes
up about 5 of the whole cavity of the cylinder;
-then indeed an augmentation of powder will not
increase the celerity of the bullet, as I have deter-
mined slsewhere upon principles too complicated
to be here explained.  But thisis a case, which
can never occur in practice; and therefore the
consideration of it may be safely neglected in dis-
cussing the mistaken opmnons of practitioners.

MAXIM II.

If two pieces of the small bore, but-of dif-
ferent lengths, are fired with the same
charge of powder, the longer will impel
the' bullet with a greater celerity than the
shorter.

' The supposed g gradual firing of the charge, dis-
cussed above, hath been also apphed to the conside- -
ration of the length of pieces ; whence it hath been
usually concluded, that there is a certain length,
which, if a piece exceeds the velocity of the shot
will be thence diminished. And some practition-
ers have determined this length for a 24 pounder, -
when fired with half the \vewht of the bullet in

powder,
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powder, to be about twenty times the diameter of
its bore. - y

As some of the, extraordinary culverins, cast’
many years since, and about 60 diameters in length,
" and the shortest cannon in general use contain no
‘more than 20 diameters ; Ihave therefore examin-
ed the penetration of an ‘iron ball into a block of
_ wood, when fired from a small piece, which was
first 60 -diameters long, and was afterwards re-
duced to 20 by cutting. The charge was each
time half the weight of the bullet in powder, -and
Ffound, that with 60 diameters the penetration
at a medium was above half as much again as with
20 diameters. And I dare affirm, that whoever
shall mmake these experiments with pieces of any
bore whatever, will find the result not much dif-
ferent ; provided due €are be taken, that-the pow-
der be in good condition, that the substance into .
which the ball penetrates be placed so mnear the
piece, that the resistance of the air may occasion
but little alteration, and that the substance itself
be of a uniform texture.

Since then the old culverins, which are more
than 20 feet long, and which from their unsizeable
and unmagageable length have been long since laid .
aside, do yet impel their bullet with more vio-
lence than'any piece of a shorter fabric ; it may
be safely concluded, that within the limits of prac-
tice there is no piece so long, but if its length be
augmented, an addition will thereby be made to
‘the impetuosity of its shot ;, and consequently our
‘maxim may be safely adhered.to in all practical
discussions on' this subject. Indeed, if the.force
of the powder, ‘either by exhaling or expanding,
“be so far diminished, that it becomes less than the
resistance and friction of the bullet in the piece;
then the piece by being shortened will shoot with
more efficacy ; but this is a case, that with the -
customary charges cannot happen, except the

‘ . » v engths

Y
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lengths greatly exceed any ever yet tried. And
therefore the consideration of this case would be
altogether superfluous in settling the maxims, by
which the practice of artillery ought to be regu-
lated. : S

 MAXIM 1II.

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 dis~

" charge their shot with nearly the same de-

- gree of celerity. o :

For as these pieces must be supposed of sufficient
substance to resist the effort of the customary.
charges of powder without sensibly changing their
figure ; no- good reason ‘can be given, why they
" should differ materially in their effects. Since as
to their momentary extension during the explo-
sion, and the elasticity with which they again
restore themselves, though these may be different
in different metals; yet the whole of ghis inequa- .
lity is so small, that tze variety arising fronbthence
must be altogether insensible. And thaugh the
different weights of the pieces is a circumstance,
which in rigour will .occasion an assignable ine-
quality in the motion of the shot; yet, as the ce-.
lerity of the bullet, from the lightest cannon ever
macde use of, is not in similar trials defective by a
hundredth part, from what it would be in the hea-
viest; the consideration of - these niceties- may be
safely neglected in -our present disquisition. In-
deed, in the establishing of this maxim, I have not
relied merely on speculation; for. I have caused se-
veral pieces to be made of the sameé bore and
length, but of different metals, and very different

: in
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-in their weight and substance; and after a number

- of trials with each, I have never been able to dis-

he)

cern, that in like circumstances there was any con-
stant difference in the force, with which they dis-
charged their shot; so that we cannot but insist
on the truth of the present maxim (at least in all
practical views) how opposite soever it may appear
to many long established prepossessions.

MAXIM IV.

P

* 'The ranges of pieces at a given elevation are

no just measures of the velocity of the
shot ; for the same piece fired successively
at aninvariable elevation, with the powder,
- bullet, and every  other circumstance as
~ nearly the same as possible, will yet range
to very different distances. '

The varieties in the ranges of the same piece,

. with the same charge and elevation, are scarcely

eredible to those, who havenot been conversant in "
trials of thig kind, These irregularities are vulgarly
ascribed to the powder; but were that the true
cause, it could only produce an jnequality in the
extent of the range; whereas we frequently find,
that, besides a different length of range, the bul-
let deviates greatly to the right and left of the
line, in which it was discharged. I myself have
scen a. piece fired with great care in an invariable

- position ; and yet two successive shot of it have

flown in directions, which on the horizontal plain

_ made an angle with_each other of above fifteen de-

grees, :

, o . MAXIM
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MAXIM V...

The greatest part of that uncertainty in the
ranges of pieces, which is described in the
pr ecedmcr maxim, can only arise from the_
resistance of the air.

1

For as it appears, from what hath been aIready .
observed, that the bullet, after it is separated from ,
the piece, is frequently deflected to Yle right and
left “of its origina) direction; there is no other
power known “but the resistance of the ain, to
which thlS effect can be imputed. “

MAXIM VI

The resistance of the air acts upon prqyectxles

- in a twofold manner; for it opposes their
motion, and by that means continually di-
minishes their celerity; and it besides per- |
petually diverts them from the regular
course, they would otherwise follow ;
‘whence arise those deviations and-inflec-
tions, of which we have been just now
treating.

The reality of these assertions will be evmced in
the dxscussxon of the following maxims.

" MAXIM VII.

That action of the air, by which it retards the
motion of projectiles, though it has been
hitherto neglected by the writers on artil-
lery, is yet In many instances an immense
force: and hence the motion of these re-
sisted bodics is totally different, from what

‘hath been generally supposed.
. The
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Thetheorists, who have endeavoured to apply the
science of mofion to the subject of artillery, have
usually premised, that the resistance of the air to
shells and cannon-bullets was so small in propor-
tion to the weight of those bodies, that their mo-
tions were not sensibly affected by it. Hence it
was coneluded; that the track described by mili-
tary projectiles was the curve of a parabola. And
hence two rules were given for assigning their
ranges at any angle of elevation ; provided the ve-
locity, they were discharged with, was known. As
these rules are undonbtedly true, supposing the re-
sistarice of the air to be insensible: I conceived
the best method of examining; how far this suppo-
sition might be relied on, was to compare those
rules with the actual ranges of cannon and mor-
tars. And in making experiments with this view
I found, that though in the ranges of shot dis-
charged with small charges, and consequently with
‘minute degrees of celerity, the effects of the air’s -
resistance were not considerable ; yet by augment-
ing the charge, and thereby increasing the velo- .
_ city of the projectile, the action of the air thereon
became more and more vigorous. And to cannon-
shot discharged with their customary allotment of
powder, it amounted to an almost incredible force.
I find, for instance, that, when a 24 pound shot is
impelled by its usual charge of powder, the oppo-
sition of the air is equivalent to at least 4001b. wt.
which retards the motion of the bullet so power-
fully, that, if it is fired at 45° elevation, its range
is not a fifth part of what it would be, were the
resistance of the air prevented. In lighter and
smaller shot this is still more observable; for I
have made many experiments with a wooden bullet
fired at 45°, where, instead of 15000 yards, which
it would have flown in a vacuum, it has not actually
ranged to 200 yards; so that the resistance has
taken away 74 parts in 75 of the whole range. ;
. . t



254 TRACTS , .

It is sufficiently evident, that the swifter the
projectile moves, the stronger the resistance acts
against it; and on a nicer examination it will be
found, that to a double velocity there wil Ibe nearly -
four times the resistance, antl to three times the -
velocity, nine times the resistance, and s6 on. But,
then this rule must not be exténded to the compa-
rison of the resistances of two velocities, one of which
is less, and the other greater than that of 1200 feet

in a second ; for I find, that to velocities exeeed<" -

ing this last-mentioned, the resistance is three
times as great, as would come out by a deduction
from what takes placein slower motions. And as
we shall hereafter find, that many of the extraor-

 dinary effects of artillery, which have given riseto
much contestation, are the natural consequences -
of this sudden trebling of the resistance, we there-
fore think it expedient to insert the substance of
what-we have here observed, amongst our max-
ims, and have framed the two following ohes for
that purpose.

MAXIM VIIL )

This retarding force of the air acts with dif-
ferent degrees of violence, according as -
‘the projectile moves with a greater or lesser
velocity ; and the resistances observe this
law: that to a vclocity, whicheis double
another, the resistance (within certain li-
mits) is fourfold, and to a treble velocity,
ninefold, and so on. .

MAXIM IX.

But this proportion between the resistances
. to two different velocities does not hold,
if one of the velocities be less than that of -
-1200 in a second, and the other greater.
R 1200
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Forin that case the resistance to the great-
er velocity is near three times as much, as
it would -come out by a comparison with
the smallér, aggording to the law explain-
ed in the lastemaxim.* ‘

The proof of the two last maxims depends upon
experiments, which I have described in another
place; but which require an ampler discussion than
- v %euits .with the nature of this essay. :

In the same dissertation, where those experi-
ments are considered, I have also shewn, that the
resistance on a 12 pound iron shot, moving with

a velocity of 25 fect in a second, is equivalent to

_about 1 an ounce avoirdupois ; from whence by

the help of the two preceding maxims, the quantity

of resistance on any shot or shell, ‘moving with a

known velocity, is easily assigned. For instance,
* 1f the 12 pound bullet moves at the rate of 100

feet in-a second (that is four times 25) its resis-

tancg will be 16 times half an ounce, or half a

pound. And if it moves at the rate of 1000 feet

in a second, Which is 10 times the last velocity,
its resistance is 100 times as much, or 50 pounds.

But if the velocity be that of 2000 feet in a second,

or twice the last; then its resistance, instead of

being only four times as much, or 200 pounds, is
treble that quantity, or equivalent to 600 pounds.
If the bullet or shell be of any size whatever,
the resistance thereon is easily deduced from the
proportion of its surface to that of a 12lb. shot.

For two shells or bullets, moving with equal velo-

cities, are always resisted in the proportion of their

surfaces.
MAXIM X.
To the extraordinary power exerted by the
resistance of the air it is owing, that, when
' ’ two

" * These last two maxims require some considerable modifica- -
cation, See the noteat p. 181. H, . -
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two pietes, of different bores are dis-
charged at the same elevation, the piece of .
the larger bore usually ranges farthest,pro-
vided they are both firgd with fit bullets,
and the customary allotment of powder.

3

The matter of fact contained in this maxim
cannot have escaped the notice of any one the least
- conveisant in the practice of artillery; it being¥ .
obvious even to the most incurious observer. Thus
a 24 pounder loaded in the customary man-
ner, and elevated to 8°, ranges its bullet, ata
medium, to about a mile and a half; whereas a
three-pounder, which is of half the diameter, will
in the same circumstances range but lxtle more
than a mile. And the same holds true in other
angles of elevatian ; though indeed the more con-
siderable the angle of elevation, the greater is the -
inequality of the ranges. ‘Now this diversity in
the ranges of unequa‘f, bullets cannot be imputed
to any difference in their velocities: since when
loaded alike they are all of them dfscharged with
nearly the same celerity : ‘but it is to be altogether
- ascribed to the different resistances, they undergo .
during their flight through the air. For though
the 24 pound shot, for instance, has four times
the surface, and consequently four times the re-
sistance of the 3 pound shot; yet as it has 8 times
the solidity, the whole retarding force, which
~ arises from the comparison of the resistance with
the matter to be moved, will be but half as much
in the 24 pounder as in the 3 pounder. And thus
it will always happen (whatever be the size of the
bullet) that the retarding force of the air on the
lesser bullet will be greater than the retarding force
on the larger in the same proportion, as the di-
ameter of the larger bullet is greater than the di-
meter of the lesser. Now since, from what we have

: already
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already shewn, it may appear that:the fange of ',
shot'at an elevation is much more influenced by the
quantity of its resistance, than by the vr:locu:y it

- is. dischargeduwith; it.is not to. be wondered “at,
that a 94 pound,gltt, :being but half as much re-
tarded as'a 3poundcv should rarrge cons1dera.bly \

‘farther o v
: - MAXIM XI cepe

J‘he grea"cest part of militaty pl‘bjectlles will-

~ 4t the timpe of their discharge acquire b
‘whirlirig motion round_their axis by rub:

" bing against the inside of their respective
. pieges; and this whu'lmg mﬁtmmwﬂl cause

- themjto strike:the. air. wéry. dltferently,
.from ‘what they would do, had they o
other but a progressive rdotion, : By this
- means ‘it will' happen, that the remstance
of the air will'not ‘always be directly op
posed to their flight ; " but will frequen y
act in a line oblique to their course, and
will thereby. force them to -deviate from

. the regular. track, they. would. otherwise
describe.  And- this is the true cause
of the irregularities desu‘xbed above in
maxim IV.

That bullets nus€ in general dcquite a whirling
“motion on their discharge, will not, 1 presume,
be disputed. ~ And, t'hat this whirl, by comhin-
ing with- their progressive’ mQtlon,k ‘wil occasion
the action cof the 1esrstance 'to’ be olique to their
diredtion; is evinced by expetilent.  For if any
pendulous body be made to revélve abaut the line,
to which it is suspended, (which: may be effected
by various methods), such a pendulum will in. its
v1b1at10p always deviate, from the direction origi- -
nally glvcn to it. And the deviation will con- .«
R stantly
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stantly incline to that hand, towards which the
" revolving motion tends. The same is visible in
tennis-balls, where they are made to revolve round
their axis by an oblique strokg of the racket; and
in musket-shot the deflection arising from this
cause is frequently sensible even in the distanee of
100 yards, as I have sufficiently cvinced in oné of
the preceding papers. Indeed in both musket and
cannon-shot it 1s impossible to foresee to what,
quarter the deflection will tend ; since it is impos-
sible to’ predict, what will -be the position of the
axis, Tound which the bullet will turn.  For from
the irregularity in its friction, before it gets clear.
of the piece, 1t is not reasonable to expect, that
any two shot, though discharged from the same
piece, should revolve in the same manner. Not
. to mention that probably the axis of revolution
. frequently shifts its position during the flight of
the shot. Hence we may upon the whole con-
clude, that the greatest part of shells and bullets
are perpetually (Teviating from their regular track
in consequence of their whirling motion ; yet nei-
ther the tendency nor quantity of this ‘deviation
can in- general be determined befor¢hand ; nor
will the nicest repetition of similar experiments
produce any resemblance in the circumstances of
these irregularities. '

-MAXIM XII.

From the sudden trebling the quantity of
the air’s resistance, ‘when the projectile
moves swifter than at the rate of 1200 feet

_ina second, (as hath heen explained. in
maxim IX.) it follows, that whatever be

the regular range of a bullet discharged

with this last-mentioned velocity, that
- range will be but littke increased; how
o ' much

.
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- much soever the velocity of the bullet
may be still farther augmented by greater
charges of powder.

For by the extraordinary reinforcement of the
resistance in all velocities . surpassing that of 1200
feet in a second, the motion of the bullet, how
swift soever it be, is soon reduced to this last-men<
tioned rate. I find, for instance, that a 24 pound
shot, when discharged. with a velocity of 2000
feet in a second, will be reduced ‘to that of 1200
feet in a second in a flight of little more than 500
yards.  And yet with the greatest of these veloci-
ties, the bullet will range farther than with the
least by above fifteen miles, supposing both shot
to be fired at 45°, and neither of them to be im-
peded by the resistance of the air. Now as the
velocity of 2000 feet in a second is much greater,
than what a 24lb. shot receives even from two
thirds of the weight of the bullet in powder; and
the velocity of-1200 feet in a second may be pro-
duced by little more than a fourth part of the
charge ; 1t appears from hence how speedily all the -
additional celerity is taken away, which arises from
the utmost reinforcement of the charge beyond
that of a fifth or a sixth of the weight of the bul-
let in powder. Whence as any excess inthe velo~
city_of the projectile above that.of 1200 feet in a
second is thus precipitately destroyed by the resis-
tance; it is easy to conceive, that the regular
range of a bullet, fired at any considerable angle
with the greatest charge possible, will but little
exceed the range of the same bullet, when fired
with a fifth or sixth of its' weight in good powder.
I find; for instance, that the regular range at 10°
of 4 24 pounder, fired with 24lb. of powder, will
not exceed the range of the same piece at the same
angle, when fired with only 5lb. -of powder, by
more than 500 yards; the whole range being above

. : R 2 3000; |



260 TRACTS

3000 ; so that with charges in the proportion 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 solely from the extraordinary

action of the air’s resistance. In smaller pieces,

fired with charges inthese proportions, the ranges
* approach yet nearer to an equality, still provided
that the ranges here understood, are those which:
1 denominate regular, or such as would be de-
scribed by the .%ullet, supposing it uninfluenced
by the action of that deflecting force, which is-
the subject of the eleventh maxim. What varie-
ties this force will give rise to, we shall now pro-
ceed to consider.

MAXIM XIII.

If the same piece of cannon be successively

- fired at an unvariable elevation, but with
various charges of powder, the greatest
charge being the whole weight of the bul-
let in powder, and the least not less than
the fifth of that weight; then if the eleva-
tion be not less than 8° or 10° it ‘will be
found, that some of the ranges with the
least charge will exceed some of those with
the greatest.

. For we have seen in the last maxim, that at 10°
of elevation the difference between the regular
ranges of a 24 pounder, with these very unequal .
charges, amounts to but about 500 yards. Now the
~ ranges with the same charge, and every circum-
stance as near as possible the same, will at an ele-
vation of 10° vary sometimes 6 or 700 yards from
¢ach other,’ in consequence of the. deflective force
discussed in the eleventh maxim. And as the de-
flective force may casually augment the range wi]t]h
: . the

Y
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the smallest charge, and diminish the range with
the greatest charge; it is evident, that the smaller
charge may in these circumstances considerably
outrange the larger, notwithstanding the much

greater force, with which the larger charge impels
the biillet in the explesion. :

MAXIM XIV.

If two pieces of cannon of the same bores
but of different lengths, are successively
fired at the same elevation with the same
charge of powder ;. then it will frequently
happen, that some of the ranges with the
shorter piece will exceed some of thosq
with the longer.

For the shortest piece of cannon I have yet seen
being not less than 15 diameters, and the longest
scarcely exceeding 60 diameters ; the difference of
the velocities of two shot discharged from these
pieces, with any of the customary charges of pow-
der, willamount to but little more than a fourth of
the greater velocity. And we have seen in the last
maxim, that when the difference of velocity was
much greater than this; yet the action of the
whirling force, by prolonging one range, and con-
tracting the other, has occasioned the slower bul-
let to be projected to the greater distance,

And hence it may be concluded too, that if
the longer piece be allowed a greater charge of
powder than the shorter; yet the same effect will
follow, provided the velocities produced by those
charges are within the limits described in the pre..
ceding maxims; that is, provided the charge of the
shorter be not less 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 principle I have frequently experienced, par-.
- . R3S ticularly
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ticularly in a comparison of one of the short six
pounders lately cast at #oolwich, with a six poun-
der of the old fabrick, of four times the weight and
near twice the length. For these being both ele-
vated to 11°, and the short piece loaded with 1lb.y.
of powder, and the long piece with 3lb. it was
found, that the fourth shot of the short piece
- ranged 2432 yards, whilst the first shot of the'long
iece ranged only 2422 yards, and the third shot
?rom the same piece no more than 2070 yards.

MAXIM XV
In distant cannonadings the advantages aris-
ing from long pieces, and large charges of
powder, are but of little moment,

The truth of this maxim may be easily deduced
from the preceding observations; as it thence ap-
pears, that neither the distance to which a bullet
flies, norits force at the end of its flight, are con-
siderably increased by very great augmentations of
the velocity, .with which it is impelled from the

piece.
"MAXIM XVI.
In ﬁring ainst troops with grape shet, it
will be found, that charges of powder
much less than those generally used, ares .
the most advantageous. S

-

For grape shot firéd with large charges are dis-
persed from their intended direction, and the great-
est part of them lost; whereas with small charges
they fly steadily and closely, and by that means
make much greater ravage amongst the troops they
are fired aganst. For it must be remembered with
. regard to the force of the bullets ; that charges of
powder, extremely minute, are yet sufficient to im-
pel either round or grape shot with more violence,

than is necessary for giving a. martal wound.
- R MAXIM



OF GUNNERY. 263

MAXIM XVII.

The principal operations, in which large
- charges of powder appear to be more effi- ‘
cacious than small ones, are the ruining of
parapets, the dismounting of batteries
covered by stout merlons, or battering in
breach. Forin all these cases, if the ob-
ject be but little removed from the piece, .
every increase of velocity will increase the
penetration of the bullet. '

~ This (after what has been said above) needs but
little explanation. I shall only observe, that if
the piece in question be 4 or 500 yards distant from
- the object, then a reinforced velocity will scarcely
produce any sensible augmentation in the depth, to
which the bullet penetrates. /Or if the object be
. near the piece, but the parapet is so thin, as to be
pierced through its substance by a bullet fired
with a small charge, in that case a larger charge or
a greater velocity, instead of increasing the effect,
will diminish it. For the ravage occasioned in a
solid body by a bullet, that fasses through it, is
always greatest, when the bullet just loses its mo-
tion at the last surface of the body. This is most
evident in firing against butts of wood or the sides
of ships; for there the bullet, which has but just
- force to get through, generally breaks and splin-
ters the last surface, and drives great shivers be-
fore it; whereas. if it moves with much more force,
and has thereby a considerable velocity left, after
it has passed through; the penetration will be ge-
nerally no more than a hole, which is in great mea-
sure closed up too by the springiness of the wood.
o B R4 MAXIM
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MAXIM XVIIL
Whatever operations are to be performed by
artillery, the least charges of powder, with
. which they can be effected, are always ta
. be preferred. - . | »

.-+ For all addition to the charge, beyond what is
_ sufficient for executing the purpose in hand, is not
' only an unnecessary waste of powder, but is at-
tended besides: with much more important disad-
vantages ; since hereby the piece is heated, and
strained, its recoil becomes more violent, its carri-
age labours more, and is more hiable to be disorder-
ed ; whence the piece is frequently silenced. And
at best its service is much slower, than it would be
with a smaller charge. If, besides these inconve~
niences, it be farther considered, .that the effect
of the bullet is frequently diminished by augment- .
ing its velocity ; it should seem, that the justness
of our maxim was liable but to little contestation.
But to leave no room for doubt, in a precept so
much opposed to the modern practice, we will
discuss it still more circumstantially,
.. 'The principal employments of" artillery, are the
canponading of troops either at a distance or near
at hand; the firing against ships; the ruining of
defences, or the battering in breach. Now we
have already shewn, that in distant cannonadings
large charges scarcely range farther than smaller.
We have also scen, that in firing against troops
within the reach of grape-shot, small charges are
the most efficacious. And in firing against ships,
we have observed above, that the charge, which
is just sufficien to impel the bullet through one
side only, is more mischievous to the vessel and
destructive to the crew than a larger charge, which
should drive the shot through both. Hence then
the ruining of defences, and the battering in breach
, are
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-are the two only operations, where it can be pre-
tended, that large charges are of use; but even
these operations, when executed, as they frequent-
are, at 4 or 300 yards distance, receive but

httle advantages from very great augmentations
of powder. And since both the parapets of all for-
~tified places, and the masonry, which face their

- ramparts, are often ruined at these great dis-
tances, where the influence of the largest charges
is considerably abated ; it appefrs most adviseable
to avoid the inevitable inconveniences of large
charges, how near soever the battery may be to
the place. For though with less g‘owder the pene- -
tration may be somewhat diminished ; yet the se-
curity and dispatch in the service of the pieces will ’
more than compensate for that deficiency, and will

. _ be found, upon the whole, the most speedy and
effectual practice, ' '

- MAXIM XIX. ‘
Hence then the proper charge of any piece of
artillery, is not that allotment of powder
which will communicate the greatest velo-
city to the bullet (as most practitioners have
hitherto maintained) nor is it to be deter-
mined by an invariable proportion of itg
- weight to the weight of the ball; but, on the
contrary, it is such a quantity of powder, as
will produce the least velocity necessary for
the purpose inhand; and, instead of bear-
ing always a fixed ratio to the weight of
- the bullet, it must be different according
to the different business, which is to be
performed.

This maxim, I i)resume, will not be controvert~ -
€d by those, wha have attentively considered, x}vlhaﬁ; .
- . ath
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hath been alicady advanced. But as it may be
expetted, I should give a more explicit determi-
nation of what I deem the proper charges. of
pieces, in different circumstances ; I shall here dis-
" patch that matter with as much distinctness, as [
can. Observing first that the powder, of which
TI"at any time speak, is supposed to be made by
the government’s standard, of good materials,
and to be in good condition at the time of using.
And next that the windage be moderate : other-
wise some addition must Ee made to the charges
assigned in the follawing maxim. - :

MAXIM XX.

No field-piece ought at any time to be load-
ed with more than 4, or at the utmost +
of the weight of its bullet in powder: nor °
should the charge of any battering piece
exceed 3 of the weight of its bullet. '

‘
&

~ For if field-picces of the customary length are
loaded with  of the weight of the ball in powder,
I find this charge will communicate to the shot a
velocity nearly approaching to that of 1200 feet
in a second ; provided the windage be moderate ;
which indeed in the greatest part of the modern
piecces is exorbitant,  Hence then, on our former
principles, no greater charge should be allotted to
any field-piece. And indeed when small grape are
niade use of, this is too much; for then even the
half of it is sufficient; in firing against ships the
powder ought never to exceed § of the wcight of
the ball. TFor I have experienced, that an ‘18
pounder, with only 3lb.; of powder, will traverse
a butt of the stoutest soundest oak, whose thick:
ness does not exceed 36 inches.: It remains then
only to consider, what is a proper charge for ruin- -
~ ing defences and battering in breach. And Ihere
: am
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I am confident, both from trials of my own, and
from the experience of others, that & of-the weight
of the bullet in powder is sufficient for piercing the
stoutest masonry, with which any ramparts are
" faced, -and though each shot separately examined
-will be less forcible with this proportion of powder,
than with double the quantity (which is the charge
recommended by many artillerists) yet the promp-
titude and facility of the service will be so much
greater, that the effect of a day’s battering will be
more considerable with this charge than with any
larger quantity of powder. Having thus dispatch-
ed the investigation of a proper charge, let us now
examine the grounds, upon which some late artil-
lerists have pretended to establish principles dj-
rectly contrary to those, we have here advanced.

MAXIM XXIL

Although precepts very different from those
we have here given, are usually advanced
by artillerists, and are often said to be de-
duced from experience ; yet is that pre-
tended experience altogether fallacious;
since from our doctrine of resistance estab-
lished above, it follows, that évery specu-
lation on the subject of artillery, which
i1s only founded on the experimented.
ranges of bullets discharged .with eon-
siderable velocities, is liable to great un-’
certainty.

For we have seen, that, when the velocity of
the bullet exceeds that of 1200 feet in a second ;
‘there will then cotrespond but very small differ-
ences in the regular ranges to very great differences
. in velocity. . And even these small differences can-
not be collected with any kind of accuracy ; sinﬁe

: ‘the
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the regulat ranges will frequently underge much
greater changes from the action of the deflective
force, than the whole of those difterences amounts
to. And let it not be supposed, that this incon-
venience can be prevented by making a number of
trials, and taking the medium of them ; for the ir~
regularities in the repetition of similar trials are so
very great, that the medium itself will vary con-
siderably each time, that a new set of the same
experimentsare examined; and the inequali:ybence
-arising will often greatly exceed those differences,
whieh these mediums are intended to investigate.
- As an instance of what we have advanced, we will
here insert a set of trials made at /Foviwich in the
year 1736, when six 24 pounders were cast of near-
ly the same weight, but of different lengths. These
were all loaded with the same charge, -and were all
elevated to 7°;; the length of cach piece, and the
medium of the ranges made with them on three
different days, may be seen in the following table :

h June 1st, June 18th. July 2d. -
of Medium of Medium of Medium of
e e DregapEes g e

10 2486 2614 2406
10 . 2570 2532 2436
9;- 2633 2560 2500
9 2790 2494 : 2563
85 2586 2490 - 2466
8 . 2438 2473 2452

Here it appears, that the medium of the ranges

. with the same piece is different on different days:
and this not the same way in all; but some of them
are larger, when others are less. And this differ-.
ence in the piece of 9 feet amounts to 296 yards,
and'in none of them, except the last, falls short.
of 120 yards. Now from principles, we have ex-
plained more at large in another place, it follows,

ﬁ&‘( . that
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that the greatest inequality between the ranges of
the longest and shortest of these pieces, supposing
the shot to follow its regular track uminfluenced
by the.deflecting force, will be scarcely 70 yards:
hence then it is evident, that these trials -are alto-
gether insufficient for investigating that inequality ;
since even the mediums themselves vary by above
four times as much, as the whole of it amounts to. .

It might have been expected, that a bare view
of these ranges, as theyare inserted in the preced-
ing table, might have-evinced the impossibility of

> deducing any certain principle from such discor-
dant trials. But the force of prejudice was so.
great, . that it was hence contluded, that the pieces
‘of 9 and 93 feet in length cariied their shot. the
farthest ; and thence it was presunied, that those
were thie proper lengths. of a:24 pounder, and that,
whatever. piece was either. longer .or shorter,: was
on that account less perfect, and impelled-its shot
with less violence. - Indeed, as these-canpon were
cast on.purpose to investigate, what wese: the pros
per lengths of pieces; it might not perhdps have
suited the great apparatus of the mquiry, mor the
dignity of the inquirers, to have acknowledged af-
ter all, that by the methods /they pursued, the
question could never be brought to a decision.

. About three years after the experiments, I have
-just now recited, the same method of examination
‘was prosecutetl in France, with regard to the pro=
per charges of pieces. And hereagain, by firing the
same piecc at 2 constant elevation,:but with differ--

ent charges of powder, it was pretended ‘to be de-
termined, “that in most pieces, about a third of
the weight. of the bullet in powder was the proper
charge, or the charge producing the greatest ve-
locity. Of these trials T have seen a manuscript
account; but the author has given only the medi-
ums of the ranges; and he informs us at the same
time, .that he first rejected those, which appeared

’ ) : 1 greatly
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greatly irregular, though what those irrégular
ranges were, he has not told us. - By methods like
these, all those false persuasions,. which we have’
hitherto combated, have been greatly countenanc-
ed ; for the inequality of the ranges in the repeti-
tion of like trials being (as we have seen) so con-
siderable, it was always in the power of a preju-
diced artillerist to urge experiments in defence
of his favourite hypothesis; since by neglecting
those trials, which were inconsistent with his opi-

,nion, on pretence of their irregularity; it was not:
difficult, amidst the great variety of ranges, which
arise from the repetition of the same experiment,
to find such, as would agree to almost every no-
tion, that hath at any time been started upon this
subject of artillery. - .

It may perhaps be uged, that I myself have in
other tracts compared the experimented ranges of
projectiles with the deductions from my theory,
and have urged their general agreement as a con-
firmation of the justness of my principles. And
to this I answer, that, I conceive, I have estab-
lished my theory upon more certain experiments ;
and that the only use, I make of the ranges of pro-

. jectiles discharged with great velocities, is to shew,
that they are more consonant to my doctrine, than
they are to one another; and though the mediums
of the ranges_of those projectiles are not exact
enough to evince the variation in the force of a
shot arising from a small change in the length of
the piece or in the charge; yet are they sufficient -
to shew the prodigious defalcation of the range by
the resistance of the air, and to decide nearly,
whether the law and quantity of that resistance be
rightly determined by us or not.

Upon the whole then,, as the writers on artil-
lery in their speculations on the most eligible
lengths of pieces, the proper quantities of powder, -
and the preference of particular practices, have
‘ prescribed



: 'OF GUNNERY. 271
prescribed no other method for the examination of
their respective opinions,- but the comparison of
ranges made at the same elevation; we may. thence
conclude, that, when the velocity of the projectile
was considerable, it was not possible they should *
have investigated these matters with any tolerable -
degree of justness : since we have shewn, thatin
great velocities the irregularities* of the experi-
ments, even when the mediums of a number of
" them are taken, do greatly surpass those differ-
ences, which the experiments are intended to dis-
. cover. It is therefore not to be wondered at, if
this vague method of examination, which, accor-
ding as the trials were selected;, might be urged in "
confirmation of diffetent and even opposite asser-
tions; it is not, I say; to be wondered at, that
this loose aund inconclusive experience hath been
urged_in support of the most erroneous opinions,
and by its authority with those, who were ignorant
of its fallacy, hath greatly tended to the establish-
ment of the many prejudices and groundless per-
suasions, which at present prevail amongst the
modern artillerists. . .
It is much to be lamented, that those who have
‘heen thus active in examining the ranges of picces,
for purposes which could not be answered therc-
by; should neglect to compare the same ranges
with the established doctrine of projectiles. Had
they - done this, it would have -been im,possible,'
that the parabelic flight of shot, and the inconsi-
derable effect of the air’s resistance,, could have
een so generally and strenuously maintained. Since
how awkwardly soever the experiments upon ranges
are adapted to the discovering the variations of
great velocities ; they are yet sufficient to demon-
straté the monstrous errors in the common re-
ceived doctrine, and to evince the extraordinary
power of the air’s resistance upon the most pon-
derous bodies. For the range even of a 24 pmim- .
o der,
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der, fired with a usual charge at 45° is but little
mrore than a third of what, it ought to be on the
parabolic hypothesis, if compared with-the range
at smaller elevations. - ’ :
Having thus, as I conceive, evinced the incon-
clusiveness of the only species of experiments, which
artillerists have hitherto prosecuted; it remains to
point out a more indubitable method of examina-
tion, by which all precepts and practices in this
art may be clearly and incontestably decided. This
method (to which I have frequently appealed in
the course of these maxims) requires no more than
' the ascertaining the depth, towhich the bullet pe-
aetrates in some substance of :a uniform texture.
Indeed, if much nicety be required, it 'is always
possible to determine .the aetual velocity of the
bullet in different parts of its track, by practices I
have explained at length in another treatise. But
the application of this contrivance to large cannon,
Tequires a very expensive apparatus; and there--
fore, since we are.not now discussing this subject
-with geometrical rigour, we shall content our-
selves with pointing out a more easy and expedi-
tious procedure. ’ - :

MAXIM XXII.

The depth to which a bullet penetrates in a
solid substance, is a much more definite
criterion of its comparative velocity, than
the distanceit rangesto whenfired at anele~
vation. For, when the velocity of the bul-
let is doubled, it penetrates into a uniform
substance nearfourtimes as deep, and with
three times the velocity, near nine times as
deep; so that with different velocities the -
penetrations vary in amuch greater propor-
tion than the velocities themselves. :
- That
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"That the penetrations follow the ryle Jaid down
in this maxim, I have found by frequent experi~
ence. - Forinstance, an iron buﬂet of } of an inch
- diameter, when fired against a Jarge block of soynd

oak, hath with ‘different velocities penetrated to
different depths, from less than § ah inch to ten
inches; and the respective velocities being exami-
ned and compared with the corresponding penetra-
tions, it was found, that all the experiments were
sufficiently consonant to this rule, The same
holds true in bullets of any size; for an eighteen
pound shot, with a velocity of about 400 feet in a
second, penetrated 3 inches 3 into a butt of seas-
oned oak, and with ahout three times that veloci-
ty it penetrated 34 inches into the same wood.

This law holds either in'large or small velocitiea;
at least I have found it take place, when the bul-
let has moved at the rate of 2400 feet in a second ;
the reason of this, relation between the velocity of
the bullet, and its penetration, we have discussed
at large in another place; but that is a specula-

_tion not essential to our present views; it is suffi- -
cient for our purpose, that the maxim itself is war-
ranted by numerous experiments. However, not
to leave the artillerist altogether to seek in this
matter, | shall observe, that the resistance to a

" bullet in its penetrating a solid body, does not de-
pend on the velocity of the bullet (very different
1n this circumstance from the resistance of the air)
‘but is nearly the same, whether the bullet moves
faster orslower, Whence it is not difficult to con-
ccive, that since, when the veloeity is increased,
the resistance is not ; therefore the penetration
will be augmented in a greater proportion than the

veloeity. : ‘ v

MAXIM XXIII.
Hence then in. all contests about the greata,
or Jess velocity, whieh a bullet acquire,
S from .
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Again, if the various operations of gunnery re-
dquire diversity of charges, and if the charges pro-
per for different purposes are rightly assigned by
us ; then those practical artillerists, who have as-
signed the same proportion of the weight of the
bullet in powder for every species of cannon, and
_for every employment of artillery, and who have
been in general so strangely exorbitant in their
‘determination of that proportion, may surely be
accused of no small want of skill ; and the prace
tice itself in these particulars cannot but be con-
‘demned- as extremely imperfect, and liable to the
greatest exception, both with regard to its eeco-
‘nomy, its facility, and its dispatch. :

And though our view in this essay is to ani-

madvert on those faulty princples, which have
“hitherto prevailed, and to establish a juster theory
‘in their stead ; for which reason we shall avoid in-
sisting on other mistakes, that are to be met with
in the modern practice, as they are rather defects
in the mechanical part, than errors arising from
‘wrong speculation : yet at the same time we can-
not help observing, that even the usual methods
of traintng up those, who are intended for the ser- .
vice of the artillery, do not contain either the in-
struction or the varicty of practice, which so im-
portant a business seems to demand.

I should therefore propose, that, instead of the
~ “puerile method of firing with a constant charge at
two or three marks placed at known and invarp-
able distances ; a more extensive -exercise should
‘be introduced, in which the ranges, penetratious,
iand deflections of pieces, fired with all necessary
diversity of charge, elevation, and distance, should
‘be examined ; and: the result-compared with the
principles, we have above inculcated. And as we
flatter ourselves, ‘that this diversified experience
would confirm and illustrate those principles ; the
praetitioner would hemce .acquire a true scientific
T ’ ' dexterity,
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dexteriy, ,a.nd.«\.v,aag be hence.prepaed readily to
adapt his charge, ‘elevatian, &¢. to" évery emet-

“gency of 'actl’;a% service.” “..fnd‘q;:(f itiis high time;
that this'most interestipg art should ‘he advatce
to a state of more perfection 5 for'it is niatter of
astonishment to comsider, that,"whilst othér bran-
ches of mechanics have received such numerous
‘smprovements, and have been so successfully cul-
tivated, merely by the industry and labour of pri-
vate persons, who had rarely any other incitements
than the impulse of their natural genius; yet this
science of artillery, on which the success of mili-
tary enterprizes, and consequently the fate of
nations, often depends, hath still been obscured,
either by the uncouth principles, which prevailed
above two ages since; or by the more illusive re-
finements of modern theorists. And this too,
_ whilst in almost every part of Europe a very large '
proportion of treasure hath been allotted for its
support, and a numerous. body of men received
considerable largesses and emoluments for their
supposed dexterity and skill therein. It must how-
ever be owned, that the present defects of this art
" are not to be solely imputed to the supineness and
Inattention of its practitioners; since before the
discovery of those principles, which we some years
since published to the world, and which we have
more popularly explained in this essay; it was not
£ossible for the most diligent examiner to extricate
imself from the obscurity and confusion, which
he was constantly involved in, when he repeated
the same experiment a number of times succes-
sively. For the prodigious augmentation of the
air’s resistance in great velocities, and the deflec-
tive force arising from the whirling motion-of the .
bullet (both which discoveries we claim as our own)
may be considered as the two capital points, from
whence the solution of almost all these wenderful
occurrences in the ranges of projectiles may be de-

S 3 ducgﬁr

*
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-+~ duced, which, without the knowledge of these
" principles, appear little less than miraculous. But
we apprehend we have been too copious upon this

head already; and shall therefore now conclude .
these popular maxims. ..

A PROPOSAL
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PREFACE

"THE following paper was drawn up near
.two years since; in consequence of some ex-
- periments and speculations of a much older
date. As it is customary for mankind to
suppose no:one skilfulin any profession, in
which - he has not been regularly initiated,
and to which he is not formally attached ;
1 did not expect, that this praduction, were. . '
it made public; would: be considered other-
wise than as the visionary notions of a specu-
latist, utterly unacquainted with the subject
he-had undertaken to discuss; Nor would
- it have been possible for me to have removed
this prejudice by the most authentic proofs,

- T could have given, of my attention and in-

dustry in trying-the various conclusions, on
~ which the ensuing suggestions are founded. -
" But having lately been favoured, by the |

" Honourable George Anson, Esq. vice-admi-

ral of the Blue, and one of the lords of the
admiralty, with the perusal of a French'ma-
nuscript, taken on board the Mars man of
war, I therein found recited a great' number
of expemnents, extremely apposite to the
. : principles
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principles inculcated in the ensuing paper ;
besides several important’ confirmations of a
late reform in the service of the French artil-
lery, analogous to what I have proposed.
And thercfore, as the authority of these
French papers will, I hope, alleviate at least
the censures, I might be otherwise exposed
to; and as the particulars, they contain, are
‘not, I think, unworthy public knowledge ;
I have, on this account, ventured to publish
the following tract; and have annexed there-
to, by way of annotation, such. articles of
this Frenchk manuscript, as, I conceived,
would fully. confirm the positions I had ad-
- vanced; and would thereby render the mat-
ter, T have treated of, more worthy of future
consideration ; reserving till another time a:
more ample account of all these. French ex-
periments, and the various deductions found-
ed thereon. - : '

L

A PROPOSAL

A)
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- PROPOSAL
| FOR INCREASING
- THE STRENGTH
v T or

_THE BRITISH NAVY, &.

Te advantage of large camnon over those of a
smaller bore is so generally acknowledged, that a
ﬁargicular discussion of it might perhaps be spared;
but, as it may be necessary to recur to the prin-
ciples; on which this advaatage is founded, in ob-. ",
viating some cbjections, which may perhaps be
made to thie present proposal; the author begs
‘leave to enumerate the particular circumstahces,
in which heavy shot excel, together with'the rea-
sons of this superiority : . and this, from' the great
number of experiments he has made on these sub-
jects, he flatters himself, he is better able to do,
than could be done by any one from the inaccu-
rate observations of common practice only.

And first in distant cannonading: The resis~
tance of the air to cannon-bullets, when they are
fired with their usual allotment of powder, is so
extremely great, that the distance, they range to
at an elevation, is more regulated by the degree
of this resistance, than by the velocity they receive
from the powder. And the larger bullets being
Jess resisted in proportion to their weight than the
gmaller, the distance, to which these larger blul.'

S } ets
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lets fly with the same proportien of -powder;-ex-
ceeds the flight of the smaller ones, almost in the
proportion of their diameters ; so that a 32 pound
shot, for instance, being samewhat mare than six
inches in diameter, and a 9poand but four inches ;
the 32 pound shot will fly near half as far again
as that of 9 pound, if both pieces are so elevated
as to range to the furthest distance possible.
., And this advantage in the range of the heavier
bullet is not easily to be counter-balanced by any ex-
traordinary effort given to the smaller bullet, by in-
creasing thq quaptity ofits: powder; for: theugh
the swiftnéss of the smallér bullet, ‘at ‘its fssuing
from the picce, may be thereby greatly increased,
yet, as has beeir already observed,” the distance to
which the bullet flies at an elevation, is thereby
but little. influenced ; for all this increase of geler;-
ty is presently taken away by the resistance of the -
air, which increases, much, ‘f}:;'s'.f:cr., Thys, for ip-
stance, .though a hujlet fired with 3 of  its weight, -
in powder-has doubtless a greater velocity thapthe
same bullet when fired witﬁ only 5 of its weight in
powder,. yet if their ranges at ten or fifteen degrees
are compared together, ‘the certain differeppe he-
tween them will not bé worth regarding ;- for jt
will not be more than the ':i'rregu!iaritics, - which
happen 1in repetitions of.the ‘same trial with the
sme piece, charge, ad devation ™ |\
-1 SR BT But
* This asscrtiony, however strango i may appear af first sight,
is irrefragably established by the experiments recited ip the French
manuscript mentioned in the preface ; for there it appears, that
when a 24 pownder was elevatéd to-five degrees, and-loatied sue-
cessively with - eight,. nine, ten; clcven, twelve, fourteen, sixs
teen, cighteen,: and twenty pounds of powder, the. mediym -
range with ejght pounds of powder was eight hundred and forty
toises, and the medium range with twenty pounds of powder
was but nine hundred and seventy. Now the diftcrence between
eight hundred and forty, -and nine hundred aml seventy, s net
so groat as the difference, which sometimes occurned in these
trials, on the repetition of the samec experiment, I shall 03:1!
. . : . add,

)
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But this circumstance of ranging farther in dis-
tant cannonading is perhaps the least considerable
pre-¢minence of heavy shot; for the uncertainty
1n this practice, especially at sea, is so great, that
it has been generally discountenanced by the most
skilful commanders, as tending only to waste am-
munition. The most important advantage of
heavy bullets is this, that, with the same velocity,
they break out holes in all solid bodies in a great- -
er proportion than their weight; that is, for in-
stance, a.24 pound shot will, with the same velo-
city, break out a hole in any wall, ramgart, or
solid beam, in which it lodges, above eight times
larger than will be made by a 3 pound shot; for
its djameter being double, it will make a superficial
fracture above four times as great as the 3 poun-
der (more of a smaller hole being closed up by the
springing of the solid body than of a great one) and

~it will penetrate to more than twice the depth.
By this means the firmest walls of masonry are
easily cut through their whole substance by heavy
shot, which could never be effected - by those of a
smaller calibre; and in ships the strongest beams
and masts are hereby fractured, which a very great
number of small bullets would scarcely injure.

To this last advantage of large cannon, which
-is indeed ‘a capital one, there must be added that
of carrying the-weight of their bullet in grape or
lead shot, and thereby annoying the enemy more
effectually, than could be done by ten times the
number of small pieces. '

These are the principal advantages of large can-
non, and hence it is no wonder, that those en-
trusted with the carc of the British navy have

' always
add, that both the guantity and proportion of the ranges with
eight, and with twenty pounds of powder, are extremely near,
what I have long since computed them at; and that the whole
of these cxperiments are entircly consistent with the theory both

with the force of powder, and the resistauce of theair, which
-1 heve some time since established.
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always endeavoured to arm all vessels with the
largest cannon, ‘they could with safety bear; and,
indeed, within these last hundred years, great im-
provements have beep made on this head, by re-
ducing the weight of many of the species of can-
non, and thereby enabling the same ships to.carry
guns of a larger bore: and very lately the 6
pounders in some of the smaller ships have been
changed for 9 pounders of a lighter fabrick than
usual, which hath been justly esteemed a very
great addition to the strength of those vessels.

"The importance then of allotting to all ships the
largest cannon they can with safety bear, being
granted ; it remains to shew, on what foundation
a change is proposed to be made in the fahrick of
all pieces from the 24 pounders downwards;
wheéreby all the guns from the present 18 pound-
ers downwards, may be changed for others of the
same or less weight, but of a larger bore. This
proposition turns on the following considerations,

The species of cannon proper for each ship is
limited by the weight of the pieces, and when the
.charge and the effort of the bullet are assigned,
this weight in each piece is or ought to be deter-
mined by the following circumstances. ,

That they shall not be i danger of bursting,

. That they shall not heat too much in frequent
ring.,

Agd that they shall not recoil too boisterously.

All this is to be done by a proper quantity of
metal properly disposed ; and when the pieces are
secured from these accidents, all addition of metal

beyond is. not only useless but prejudicial,

Now. what dimensions and weight of metal are
~more than sufficient for these purposes, we may
Jearn from the present practice of the navy in the
fubrick of the 32 pounders, the heaviest guns in
common use; these are made to weigh, if the au-
thot's information be right, from 52 to 53 hundred

' weight ;
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weight; that is somewhat less than a hundred and
two thirds for each pound of bullet.

From this then the author concludes, that any
smaller piece, made upon the model of these 32
pounders, and having their weight Eroportioned in
. the same manner to the weight of their bullet, will

- fully answer all the purposes recited above, and will
be of unexceptionable service.-

And he-founds his opinion on these two prin-
ciples.

First, That the strength of iron, or of any other
metal, is in proportion to its substance; so that,
for instance, where it has half the substance, it has
half the strength; and this, supposition he pre-
sumes, will be scarcely contested. .

Secondly, That the force of different quantities -
of powder fited in spaces, which they respectively
- fill, is not exactly in the proportion of those quan-
tities, but the lesser quantity has in proportion the

least force: that is, for instance, the force of
one pound of powder, in like circumstances, is -
less tﬁan half the force of two pounds. And this

princirle the author has deduced from many re-
peated and diversified trials of his own; and he
believes, it will be found agreeable to all the ob-
servations, which have been made, or shall be made
on this subject. :

I'rom these two considerations, he hopes, it will
be granted him, that if two pieces, a large one and
a small oge, are made with all their dimensions in
proportion to. the diameter of their respective bul-
lets, and consequently their weight m the same
proportion with the weights of their bullets, then

“the larger piece, with the'same proportion of pow-
der, will be more strained, will heat more, and
recoil more than the smaller.

Hence then, as we are assured, that the present
32 pounders are of a sufficient strength and weight
for all marine purposes : we have the greatest rea-

son
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son to suppose, that if all the pieces of an inferi-
or calibre were formed upon the same model, mea-
suring by the diameter of the bullet, these smaller
picces would not be defective in either strength or

weight, but would be to the full as serviceable on

shipboard as the present pieces, which are so much
overloaded with metal. -

The author’s scheme then for augmenting the
force of the present sea-batteries, is no more than
this plain principle, that all ship-guns should be
cast upon the model of the 32 pounders, mca-
" suring by the diameter of the respective bullet;
so that for each pound of bullet there should be

allowed one hundred and two thirds of metal

only. -

"1)" he advantages of this scheme will appear, by
the following comparison of the weight of the pre-
sent pieces, with their weight proposed by this
new fabrick.

Pieces. ~ Weight now in hundreds. Ditto by new fabrick.

24 48 to 46 - 40
18 41 to 39 30
12 34 to 31 20
9 * 29 to 26 15
6 24 to 18 . 10

Hence then it appears, that the 24 pounders |

will be eased of six or eight hundred of uscless
metal ; and that instead of those of an inferior
calibre now used, much larger ones of the same
weight may be borne, especially when it is remem-
bered, that this computation excceds even the
present proportion of the 32 pounders; so that from
the above projected 18 pounders;. for instance, twe
or three hundred may be safely taken.

The changes then proposed by the author are

these,

Fot

e
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_Bounders. , , Hundreds, Pounders. . . Hundreds, .
For 6 of 2and 18 New 12 of 20 . .
.9 .. 29and 26 18 28 .
o120 34 and 31, 18 28, ..
. .18 - 4land 39 24 40 ...

The 9 pounders lately cast, being, as the author
is informed, still lighter than what is here repre-
~sented, they may perhaps be only transformed in.
to 12 pounders ; but this will be a very. great ade-
dition of strength, and the 12 pounders.thus. borne
will be . considerably lighter than the smallgst:9
pounders now in use. The weight of the present
8 pounders are not remembered exactly by the au-
thor; but he doubts not, but_ they are heavier
than the proposed 6 pounders, and may therefore
bechanged'g; them. T B
- That many objections will be made to the pre-
sent proposal, is not to be questioned ; -but.ag they
will equally hold against the use of the present 3g
pounders, which are.known to be guns of unexcep-
tiopable service, that. alone, it is conceived, wijl
. be,an answer. -~ - . Lo
. If it be supposed (as ancient practice is always
favourably heard) that the excesses.in the propars
tionate weight of the small pieces must .give been
originally founded op some approved prihciple,, ar
otherwise they could not have been brought into
use. It may be answered, that a hundred years
since there were 4 pounders made use of, which
were heavier than some of the present 9 pounders,
‘and had the same prescription to plead in their be-
half. - Perhaps the origin‘ of this excess in the
- smaller pieces thay be accounted for by supposiiig,
that 'when guns are used .in batteries on .shore,
their length cannot be in proportion to the diam-
eter of their bore; bec¢ause the parapet being: of
a considerable thicktess, a short'piece would by
its blast ruin theembrasures; and the smaller pieces,
T ‘ being

-
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being for this' reason made nearly of the"same
length with the larger, did lience recéive their ad-
ditional weight' of metal. * But this reason holds
not at sea, where there is no othér exceptionto the
shortness of tie piece, but the loss of force, which,
in the instances here proposed, is altogether in-
‘¢onsiderable; -*For’ the old 12 pounders, -for ‘ex-
#tiple, béing in'length from nine feet to nine and
z'half} the neéw ones here proposed will be froth
seven feet to'sevén and a halflong. The differ-
‘ence’in the force of the bullet;"fired froin”these
different pieces, 'is but fittle ; and it will: hereafter
appear, that'in tlie present subject much greater
differences than these are of no consequence.- " *
"> If it should-be said, that:-thé new fabric¢ “here
proposed must have the present‘allowance ‘of pow-
der (which in the smaller pie¢es'is half the weight
of the ball) “diminishéd, "and “that it' mst -bé re-
duced to the rate of ‘32 poundeérs, whith'is only
$even sixtcenths ‘of the weight of’d;e bathy: it 4s
answered, ‘that if the powder in'all shiptcannoh
-whatever, was still farther reduced to one third of
the weight of the ball, or even less,” it Wwotild be
a’considerable advantage,” nbt otilyt by the ‘saving
of dtnmunition; but by keeping ' the gins cool-
€tdnd quieter, “and at the’'same time nove eéf-
fecgially " injuridg’ the vessel'of the ' ehemy®; for
(VRS LN IR I PP R R A T O :'."w‘i‘th

s o ’ +

gl UL ) ot Loy LS Coa Tty .
1 ¥The change propased here,. of reducing the qugntity of
*pdWwder in all ship-guns o one thitd 8f the wcight of the bullef,
has for some fime past been' practiced by ‘the French in‘a much
severerservice, wheré the increasing the velocity of the bntlet conld
ot at any time;dininish its eflect ;. the sérvice, I megn, is bat-
tering in breach, . ¥or I learn frpn;,;hg,foremenﬁoned French
nranuscript, that of late years all their breaches, in the differgnt
sieges “they have 'undertaken, . have beén made with- this very
<chatge, thatis, -their 24 pounders have been loaded with cight
. "Rounds of powder, and they have found, that though the pone-
tration of the bullet is less with this charge .than with 3 Jarger
®ie, yet the other conveniences, attending this smaller charge,
«re more than sufficlent to balance that particudar, - '~ ¢
';ZJi .. . ) . And

A ]
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with the present allowance of powder the guns
are heated, and their tackle and furniture strained;
and this only . to render the bullet less efficaciouss
than it would prove if impelled by a staller charge:
Indeed in battering of walls, which are not to be
penetrated by a single shot from:any:piece whats
. ever, the velocity.of the bullet, how: much soever
augmented, still ;produces a.proportionate “effepty
by augmenting the depth to whith it ‘penetrates =
but' the sides of the strongest ships, and the greatk
er pait of her timbers ‘are of a" limited thickness;
insutficient ‘to stop: the: ;generality. of: cannon-buls
lets, fired at a reasonable distance, even with.z
less charge than. is: here proposed: “:And: it-is.a
matter of experiment, that.a bullet; which can-but
just'pass through a piece of *fimber; and loses:ald
most all '1ts motion thereby, has-a .much better
chance ' of rending. and:: fracturing! it, than -if it
passed through it with-a much greater velocity.. -
*- That:a ‘better: judgment rmay be ‘mate of the
- reasondbleness ofthisspé ulation, the author thinks
proper - to add (and ?hé) believes future experience
will not ‘centradict him)- that a’ 12 pounder;:as -
here proposed, ‘which is one of -the smallest pieces
at present under consideération, when charged with:
one third of the weight of the bullet in powdery
will penetrate a beam of. the best seasened, tough-
est oak, 'to' more:thag twenty inches depth; an&f }
s Ll R3E i i .

And hére I must observe, that there have not been wanting
persons of  considerable name, who have asserted (as appears
from the manuscript in question) that the velocity of a' 24 pound
" ballet was-'really greater with eight pounds of powder than with
-any. larger quantity ; ' founding their opinion on the ridiculous

persuasion, that whatever quantity was put in, no more than
eight pounds of it took fire. Bit this position is destroyed by their
own experiments, and their own reasonings; and:later experis
ments, made with greater attention, put it beyond ali'doub.g'_
‘that to the larger eharge (at least as far as {weaty pouads

powder) there corresponds a greater velocity.
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if, instead of one solid beam, there are a number
qf small-ones, - or of planks, laid together; then,
yllowing for the rending and tearing, frequent in
such cases, he doubts not, but it will often go
through near double that thickness, and this. any
where within-a hundred yards.distance: that is, _
anyswhere within that distance, which the most
expetienced .officers. have recommended for naval
engagements. In the same distancg.a bullet from
the 12 poundezrs new in use, charged with hailf
the weight .of ‘powder, will penetrate about. ene
third part deeper: but if:the efforts of each:-piece
arercompared together at:-five hundred. yards dis.-
tance, . the differences of <their forces will, not: be
conisiderable. If this be so, it will not be: asserted,
I imagine, that the 12 pounder here proposed is
less useful, .or -less efficacious,. for all naval pur-
pOsEs, than the welgbtm 12' pmmdez hitherto
made use of: . -~
The author has. in this prmposal fixed on the 32
pounders ‘as .the standard . for. .the rest;.because
- -have ‘been : autherised. by. long experience.
But- from the trials he has made, he is well satis-
fied, .a much:greater reduction of- -weight;. than he
here proposes, might- safely take place; - and that
one fousth, or.even one fifth, -of the weight of the
ballet in powder, if properly disposed, :is abun-
ﬂantly sufficient for- every- species: of ship-guns*.
, However, .
*-This opinion iis ‘not advanced: at random. I have myself
procured to be cast a.4. pounder. of. iron,. weighing about. two
- hundred weight, which is net one third of the weight here pro-
posed : As likewise two others, one of about three hundred
weight, and the other about four hundred.  That of three hun-
dred weight, being fired with twelve ounces of common pew-
der, went through, at the same time, two planks of very sound
oak of four inches thick each, and a beam of the.same fourteen
inches-thick, being in all twenty two inches, and aftcrwards

buried itself nx)ank of earth And this it likewise did on a
: second
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Howeyer, the author is far. from ‘désiring, that
~ his speculations should be relied on it-an affair of
this nature, where he pretends not to have tried
the very matter he proposes, but féiinds his opi-
nion on certain general principles and collateral
experiments, which, he conceives, he may apply
to the present case without error. He would him-

self recommend an experimental examination of

this proposal, as the only one to which credit
ought to be given. What he intends by the pre-
‘sent paper, Is to represent it as a matter worthy
f consideration, and really such as it appeared
_to him. If those, to whose censure he submits
it, are of the same opinion, there is an obvious
method of determining, how far his allegations
are conclusive; and that is by directing one of
these pieces to be cast, a 12 pounder for instance,
and letting it_be proved with the same proportion
of powder, allotted for the proof of the 32 poun-
-ders.” Then if this piece be fired a number of times
successively on a carriage, and its recoil and de-
gree of heat be attended to, and if the penetration
of its bullet into a thick butt of oak beams or plank

-

be likewise examined ; a judgment may thence be -
- T 3

«  formed,

second repetition, when it broke off a piece of the beam of a
quarter of a hundred weight, and drove it to above ten yards
distance. The first and second of these pieces, on repeated tri-
als, burst; but the last of four hundred weight continues still
entife, and is, I conceive, as serviceable a field-piece as any
whatever, notwithstanding its lightness. For with nine ounces
of powder it throws its bullet point blank, as it is called, three
hundred yards. And it will bear 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 sufficient sub.
“stance, but from a particular mistake in their fabric. However,
the heaviest of them is butabout one quarter of the weight,
they are generally made of ; and consequently, if capable of

.

use.

oper.sarvice, might in particular emergencies be of infiite
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formed, of what may be expected from the piece

in real service; and the result of these trials will

be the most incontestable confutation, ar confir-
mation of this proposal.

- ALETTER
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A Letter to Martin Folkes,” Esquire, Prest-
_dent of the Royal Society, in Answer..to
‘one of his, inclosing awritten Message from
the Chevalier: D’'Ossorio, Envoy from- the
King of Sardinia. - Ll

. . C e .
N N . . AP N

SIR’ , o e ‘~', PR ":)cr
I'nave received a letter from you, - inclosing a
‘message, you havereceived from hisexcellency the
Chevalier D’Ossok10, who, ‘it seems, is desirous -
of having a capy of a papér presented t6 the Roy-
al Society in relation ‘to the proper charge of caii-
non : and which,” you conceive, Sir, is my lettér
to Lord Anson of March last: As I esteent imy- -
self greatly honoured by this request; I cannof
but desire, that his excellency might have a copy
not only of that, but of any other papers of mine
relating to this subject. ' For as his ‘Sardinian
majesty’s curiosity appears to be founded on'some
experiments made by his order at Zurin; Iam
willing to hope, that this enquiry may give. rise
to still more decisive trials. ~ And that the doc-"
trine, T have advanced, may thereby be at las}
established beyond the reach ‘of contradiction,
‘But as. the consideration of the proper charge of
cannon,: to' which this message relates, and about
which the experiments at 'Turin have' been em-*
ployed, is a matter only occ¢dsionally mentioried
n my papers ; -I' beg'leave to explain myself morg
atlarge to you on’this head, than I'have yet done;
- inid:to establish the true prihdiples, an Which'thig

’mVesi‘:iv%aﬁoh ought'to turn; ~'This T shall Wifider=
take: with more ﬁbfdriéds'&fds"l"a’xﬁ' conthdent,” ehiit
oL 4 it
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it has not hitherto beenunderstood. And that all the
experiments, I have ever yet heard of, which were
made with this view, are éxtremely fallacious, and
incapable of determining the point in question.
‘And I think, it will be no improper method of
treating this subject, first to .consider the erro-
népus maxims and inconclusive experiments, which
‘have been usually adhered to; before I undertake
to prescribe the genuine idea, which ought toguide

us in the prosecution of the present enquiry.
Those, who have attempted to assign the pro-
per charges of cannon, (and there are few artiller-
1sts, who have not been engaged in this attempt)
fb‘o,se, I say, who have hitherta laboured in this
wmatter, have usually supposed, that in every
‘piece there was a certain charge of powder, which
would giye to the bullet a greater velocity than
any ‘other quaqtity,'of powder, either greater or
less, And 1t_hath been generally:conceived, that
this charge, producing the greatest velocity, -was
that, where alg't'he powder took fire. Now in con-
firmation of these opinions, some of the more .in-
dustrious artillerists have fired the same piece of
¢annon at an unvaried elevation, with different
charges of powder gradually increasing in quanti»
ty; and they have pretended, that after using a
certaig charge, the range of the piece rather %i~
minished than ingreased on augmenting the quan-
tity of powder, Hence they have concluded, that
this charge, which it was supposed ranged the bul-
let farther than any other quantity of powder
wQuld do, was the true and genuine charge of the
- piecé in question.. But these opinions are all en-
tirely errgneous, and the .experiments fallacious.
For neither_is there any such charge, .as will give
to the hbullet.a greater, velocity, than would. be
produced by 2 larger quantity of powder (at least
not within . the limits where it. has. been usually
supposed) #or has the compleat firing of th; P%‘!’?
; ) ot er

¥ -
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der: any thing to do with the detérmination in
question. "Nor do the experiments generally suc~
ceed in the manner above-mentioned, Norcan it
be always concluded, ' that the bullet, which-rang-
ed farthest, was discharged with the greatest velo-
city ; so that not only the principal suppositions,
on which the investigation of this proper velocit?'
hath bitherto been founded, are faulty; but all
the superstructure is equally exceptionable, As,
T hope, will sufficiently appear from the following
considerations, ' :

For as this proper charge, producing the great~
est velocity, hath been usually supposed to be be-
tween two thirds of the weight of the bullet, and
one third; 1 am fully satisfied, from numerous
trials, that if, in small pieces, the charge be aug- |
mented greatly beyond these limits, the velocity
will be thereby considerably increased.  For in-
. stance, a common firelock, with afit leaden ball

«of twelve to the pound, with a charge of one third
of the weight of the bullet in powder, will be im-
- pelled with a velocitfy of about 1500 feet in 1% -

" with a charge of half its weight in powder, its ve«
locity will be about 1700 feetin 1*; with two thirds
of the weight of powder, its velocity is about 1900
feet in 1“; but with twice the last charge, or one
and a half the weight of the "bullet,: its velocity
will be above 2800 feet in 1°, And this last pro-
portion of powder being double the largest quan-
tity hitherto supposed for the proper charge, or
for the charge productive of the greatest velocity ;
“ it hence follows, that all the former determinations
about this matter are extremely erroneous:
- If it should be said, that n larger pieces the
same conclusions will not hold, but that there
an increase of powder beyond the ‘customary
charge (for instance more than { or 3 of the
weight of the bullet) will tiot augment the veloci-
ty; A angwer, that, I-well’ know, that in pigees;
L o whose
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whase lengths bear a less proportion to the diame-
ters of their bores, the variation of velocity in the
preceding instances would. be less considerable.
But that even then there is an increase.of velocity
‘always attending the increased charge, for the -
truth of which I appeal to vulgar and obvious ex-
periments, For instance, in the proving of pieces
with the weight of the.bullet in powder (asig some-
times the practice) it is always found, that the re-
coil and heat of the piece, and consequently the
action of the powder on the bullet, s more for-
cible; and in this circumstance the increased ac-
tion of the powder cannot but produce an increase
in the velocity. of  the bullet. . .
- To ascertain this point still more incontestably,
I would advise. those, 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 these different charges against
a bank of earth of a uniform consistence, or a-
gainst a butt of timber, and examine the different
netration of the bullet, taking care that the ob-
Ject, whatever it be, may not be farther from the
piece than fifty yards. This experiment I have
gried with a small piece, with all the care I could,
making use of bullets of iron, which were turned
to the bore; and I found in a piece of about thirty
diameters in length, (which is very near the pro-
portion of a common six pounder) that, if I first
fired it.with half the weight of. the bullet in pow-
der, and measured the penetration into a beam of -
very tough oak placed. about ten yards distant,
I could afterwards, by augmenting the charge,
make the bullet. penetrate more than. half as deep
agn.. ... - oot L S
-gThis may suffice to--evince the. falsity of thag
comm@nly-zeceived. principle, of there being a cer,
taip ,(;ha,-l;gq,-t.p'cvery spiece,; which will produce a
greater. vejagity shan any.other guantity, of.pgwr
R - , er,
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- der,. ather: greater:.ar less. Indeed I deny not,
there is such a charge in every.piece, but it is
much more than any that is made use of, either
for service or.proof; and:what no piece cast with
the usual dimensions can sustain. .For it is such
a quantity of J:owder, as will fill up nearly ; of
the piece; and consequently is too much to -he
ever applied for any practical purpose whatever ;
and -therefore can be of no assistance in the.exs
* aminatien of the present subject. -~ .. = - .
‘The very first supposition, then, on which the
determination of the proper charge hath hitherto
roceeded, being thus, asl concieve, overthrown;

1t remains to examine the experiments, to which
the followers of this opinion have recurred in sup-
port of their doctrine: that is to say, the experi-
ments, where the same piece, fired at.a given ele-
vation, hath ranged its bullet farther with this
imaginary charge, than with a greater quantity Of
-powder. And, with regard to this argument,
assert, that the whole. tenour of it is fallaciqus,
and has no other foundation but the irregularity
of the ranges of the- same piece, . though charged
and pointed in the same manner; which, as I
" have -formerly explained to the sociéty, is owing
to the deflection of the bullet in the air from its
original direction. Hence it happens, that the
ranges are no measures of its original velocity ;
because sometimes by a favourable deflection the
smaller velocity may range farther than the larger:
And I assert, and have many experiments to pro-
~ duce in support of this assertion, . that all the pre-
tended proofs drawn from the experimesjts on the
ranges of cannon, are made out by taking those
‘ranges only, where the deflection was favourable
to the hypothesis in question, neglécting at the
sanie time as irregular, those where the result was
contrary to it. . For the whale: strength of this
seasoning has; generally turned upon . a d,iﬁjerencef
o ' 0
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of 100 or 200 yards in the ranges. And I have
by me a set of experiments made, as I.conceive,
with-sufficient care, where a-24 pounder, elevated
.8t 7°%, and charged each time with the same quan:
tity of powder, hath in one shot ranged its bullet .

' 2300 yards, and the very next time, the range hath
been more than 3000 yards. So that the range,
with the same piece, elevation, and charge, doth
sometimes differ four or five times as much as the
casual differences, on which the opinion, ‘here op-
posed, is pretended to be founded.. '

_If then the very idea of a proper charge, con-
sidering it as productive of the greatest velocity,
is itself” chimerical within : the' limits of any prac+

- tical determinution ; and if .the experiments, urg-
ed in support of it, are .such; as naturally arise
from the necessary irregularity, which always oc-
curs in the comparison of distant ranges; it may
perhaps be asked, on what .principle the' proper
dllotment of powder can. .be. assiéned, or what
gircumstances there are, that can at any time de-
termine the proportion necessary to be observed
betweén the weight of the bullet and the charge
of powder, - , ,

- And to this- I answer, ‘that the only maxim,
which can assist in fixing such a determination, is

~ this : that every effect to be produced by the use
of fire-arms, should be executed with the least
powder possible, not only as hereby much ammu.
nition may be saved, but also-because with small-
er charges the piece is less heated and strained, .
the service of it is more prompt, and the flight of
the shot is much more steady. - -

. Now from this maxim it follows, that, accord
ing to the different purposes, to which artillery
is applied, different charges ought to be made use
of.  For instance; the resistance of the masonry;
with which the ramparts of fortified places: are
wsually faced;: beging much greater thag:thmmf;«fihe
i i sldes
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sidds‘of -thestoutest ships; the alotment of
powder- for ‘battering inbreach, and for firing-
against -shipping, ought to be different. - And:
the resistance of human. bodies being still' greatly:
short of. either of these; - all field-pieces, or such,
as are -used against ‘treops, ought ‘te be.charged;

. with a: yet--smaller proportion of powder. And
though m these cases - there is no absolute invari~
able standard to be assigned; yet1 conceive, that
something! not very distant from the truth may:
ba. deducéd from considering: the limits, within.
which-all -the three forementioned operations are
contained. - - . . P ‘ .
- .For as to battering in: breach, 1 well know, that
in most of the sieges; which the Frénch-havelately
undertaken,-they: have suceceeded extremely wei:
with one third of the weight of the bullet tn pow+.
der. Indeed. the difference in force betwixt a bule

~ let fired: with one third "of its weight in powder;
and. tworthirds, is so very dittle, that the other ad<
vantages of 'the smaller charges greatly ‘overba~
lance it ;-'and thereforeit ought to be allowed as anl
invariable rule, neverto exceed this proportion of
one third: of the weight of the bullet:in the service
of any piece of artillery' whatever ; no not under
any pretence . of ‘thegreat distance of the object.
For 1 know, that, in’greatdistances, theaugment-
ing the quantity : of powder is. only’ an imaginary
ad:vancag& R Cpee e Tl

" With respect to the firing at ships, especially

' with heavy ¢annon, - 1 could wish'the charge was
still farther diminished to a fourth qr fifth; for
am satisfied' from my-own experiments, that -(net
to mention the other advantages) the havock made
by bullets fired with those smaller quantities, would
be much greater, than what is produced by the
enormous charges now in use. -

- And lastly, as to the firing againsttroops in the
open field, it is difficult to conceive, how very

e : ' small.

4
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small a proportion of powder will give.to 4 bullet-
such a force, ‘as will render it. mortal to. those it
strikes. ~ For it appeared hy experiments.formerly -
-exhibited before. the society, that an ounce.of pow-
der in the chamber of a small mortar, threw a 24
pound shot to- above 240 yards. - This bullet then
received from the action of the powderias great a
force, 'as:if would have aequired by falling from.a.
height equat-to thae of St. Paul’s eliurdh::.; And.:
'# is- sutliciently obvious, that a heavy: bullet, - Iet
fall from such'an:eminence, must- have killed any:
person it:had. fallen on. And lest it ntay be sup--
posed, that in this case the weight of the: bullet
might contribute modre toithe stroke than its cele-
rity,- I must-add, that.a 6t hullet; fired from a’
musket-of the common calibre with: e part of its-
weight in-powder, will:go through & -plank of fir
of:.above an inch thick;:and. will doubtless pro-
- duce a martal wound in any,vital part of the body.
For it will penetrate into-any soft substance near
ten times deeper than a bullet discharged from the
best cross-bow, I have ever yet met with, .which:
yet. is- usually esteemed a mortal weapon. And
eomparing together the various experiments.I have .
made, and the different cireumstances rfecessary to
be considered, Lam fully satisfied, that nofield-piece,
whether. fired with roundsshot.or with grape-shot,
aught ever to be allowed; more than ;.of the weight
. of the bullet in powder, and when troops are near,
and grape-shot is of use, :even +4 of the.weight of
‘the bullet will do great-execution. For by large
quantities of powder, grape-shotis often dispersed,
and rendered ineffectual; whereas: with smaller
charges it flies ‘more steady and:- compact, its di-
rection -can be more relied on, and the ravage
it makes -amongst troops is- more terrible by its
- falling directly upon one particular part, and
thereby opening the line. And this smalldess of
the charge too, requisite for field-pieces, when the’
o ' reasons
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" yeasonslofiit shall be'oncé well understood, “and the
practice established,” will enable them to’ ‘be. made
extremely light,” and will ‘thereby ‘ render - their
transportation and service’ fnuch thore- ‘easy, than
it thas ‘been hitherto; dndwill likewise- produce
‘many  other advantao'es 1net necessary to be here
recounte(l ¢ U

- ¥ amy senaible, 'that wnh respect tb“the dlmmlsh-
'uig the - ‘wekght' of field-pieces, ’m&nﬂy rattdmpts
‘have beefi “ttiade towards it Within thelast! ﬁfty
years: ‘But the generdl mistake of those; who'have

‘engaged in ity ‘Tiath- ‘been-either tHe’*seernO' these
lighter-pieces, with‘the’sastie large tharge allotted

" to the heavy ones ;™ or if Thy dxd dnmmsh the
‘chirge, :the. msfstmd' that with- this" diminished
chhrge ithe -bullet: ‘was ndt 50 strongly impelled s
with a greater quantity ‘of Powdet. - But this last
assertion;' as it wis»an' insupportable’ falsehood,
laid: thetti'usder ghiedt’ difficulties, and ' gave the -
officersiof artillery ‘(who, fronia rehonous attiach:
nent tov the'practice of* their predecessors, *were
more usually: their declafed enémles) greéat advan-
tages over them. < - 1

f it should" be m‘ved ‘that " though': the small
charges, 'Ihave:here- ﬂecomi'nehded are sufficient
for dommexecuﬁon near at hand;* yet they dre mo
ways ada])téd to the!pirtpose of distant cannoti-
adingsi: L dnswer, ‘imvithe first place, that these
distan® ‘éannonddings are rarely of'-consequence,
and- therefore are not properly the consilerations,
on'which- the present matter oughtto be decided.
But farther ‘I assert; ‘that the differerice in the
ranges, or it the foree of the bullets at a distance;
when-fired with ; of their weight of powder, for
instance, or W1th ;IS ¥60 inconsiderable to merit
attentiow." For from the principles I have formeérly
establishied; it follows, ‘that a 4 poundér elevated
£0°10% aﬁd‘ﬂred with the smaller of these charges;
ought; to range about a fifth part short of what &

' 1 : would
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would do when fired with the larger, and at the
end of these respective ranges the difference in the
velocities of the bullet will be insensible. .
This, sir, is the substance of what hath ocenr-
red to me, on the present subject; every part of
‘which, should it be doubted, I can undertake to
evince by unquestionable experiments. If this let~
ter appears too prolix, considering the. great sim-
plicity of the subject, I must excuse. myself. by
observing, that it i1s, 3 misfortune common to all
those, w%lo have first reformed any branch of sci-
ence, to have heen obliged to waste-great. part of
their time, and to employ many arguments in
rooting out the prejudices,. which they found al-
geady established; although these prejudices had
no other foundation but the reverence they had

acquired from age, and from the habitual assent,

they.had been long received with. Indeed I am

myself so fully persuaded of the difficulty of con-

futing long confirmed prepossessions, that, not-

withstanding all that hath. been already said, I

cannot finish this letter without a short recapitu-

lation of what I have here advanced. . Which:is,

that the hypothesis of a proper charge,. consider-

ing it as what would produce the greatest velocity,

" is-chimerical ; that the experiments urged in sup*
rt of it are fallacious. That the greatest velocity,

if it were attainable, is not the most eligible, it being

often less .efficacious than- a smaller degree; that

the only ‘proper principle for determining the most

_ convenient charge, is-that of using the least pow-
der possible with regard to the particuldr-purpose

in view. Therefore, that the charges:ought . to
vary according to the different services. That in

_almost. every modern practice, the charges are
too great. And that in firing against troops

-in particular, bullets impelled with velocities great-

_ ly short of those now established, are to the full
as effectual. That consequently in this case the
' o charges
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charges may be extremely diminished. And thence .
the whole establishmient of the modern field trains
ought to be entirely changed. I shall only add,
that the speculations of artillerists on the proper
lengths of pieces have beeh embatrassed with er-
rors of a like nature with those I have already
censured, and that the decision of that matter
can never be attained on the principles they have
assumed. ) _ L

~
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) to
LORD ANSON..

My Lorp,

HAVING principally by your favour procured
leave to make some trials with large cannon at

Chatham, 1 think it my duty to lay the result
“of them before your lordship, especially as the
subject of them relates to a matter about which
- ¥ have formerly troubled your lordship; I mean,
the diminishing the allotment of powder for heavy
cannon, and thereby facilitating the reduction of
the weight of those pieces. /

And that I may not be misunderstood upon
this head, I beg leave to explain in a few words
the maxims I have formerly advanced, and which’
I conceive are fully confirmed by my late trials.
This is the more necessary for me to do: since I
have found the prejudices, and the erroneous opi-
nions at present prevailing among the practition-
ers of artillery, have by mistake been often blend-
ed with what I have advanced upon-this subject ;
and I have thereby had positions imputed to me,
which were directly contrary to what I have al-
ways maintained. :

To begin then; although I am satisfied, that
no charges of powder, either now, or at any other

- time,

Sy 0t
A vt oo v
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- time, in common use, are so great, but that by
- augmenting their quantity, some addition will be
made to the velocity of the shot, 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 smnall in comparison of the increased -
.. proportion of the .charge, and even this small-ad-
dition of force is presently taken away by ‘the vast
~ resistance of the air to great velocities ; whence
neither the distance, to which the bullet flies- at
an elevation, nor the force of the bullet at the end
of its flight, is sensibly augmented by very great
* augmentations of the quantity of powder. 1 af-
firm too, that in many instances the increasing.
the velocity of the bullet is not only an useless,
. but a prejudicial practice; since, in penetrating
" solid bodies, that bullet which has but just force
enough to go through, will produce much greater
effect,” than a bullet, which has a considerable
velocity left after it has got through. I must
farther add, that ‘both the ranges and effects of
bullets, fired with small proportions of powder,
do mueh surpass the expectations of all those,
whether artillerists or others, who have not made
the requisite experiments upon this subject.

"These, my lord, are the hypotheses, which, as
your lordship knows, I have always maintained,
and are the positions I have had principally an
eye to, in my late experiments at Chatham, where,
on the 11th of July last, T got an 18 pourder on
shore, which was the largest piece I could pro-
cure.” This piece had its breech laid down as low
as its carriage would permit, (when it was elevat-
ed somewhat short otP 15°) and then instead of 9

und of powder, which is its customary charge,
1t was tried with § of a pound only, with which
allowance it ranged the bullet, in several trials,
from 220 to 250 yards. It was observable, that
when the bullet lighted on dry firm groind, it

U2 , rose
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. yose again, and bounded on to a considerable dis«
tance ; but meeting once with a small bank of
* meadow ground, it penetrated near three feet deep
into it. - : '

By comparing together the best accounts of the
ancient mili machines, I conceive, the velo-
city, with which their charges were projected,
rarely exceed the velocity of the bullet fired with
the smallest pittance of powder. ‘

The next trial was with ¢ a pound of powder,
or with the 4% part of the usual charge, and the
elevation 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 customary charge, and elevating the piece .
to near 15° the bullet ranged from 1400 to 1600
yards; after which, the elevation being diminished,
to 5% it ranged from 550 to 630 yards.

With 2 pound of powder, at only 3°; elevation,
the bullet ranged from 900 to 1100 yards, when
at 15° it would have ranged to a mileand a half.

With 3 pound, and an elevation of 6° the bul-

" let ranged from 1500 to 1650 yards; and with 33
pound of powder, and the same elevation, ranged
twice together to ¥760 yards, or an English mile
just. From which experiments, I eonclude, that

~at 15° it would have flown at least 3000 yards.

These were the principal trials with regard to
the ranges of an 18 pound bullet, with small charges
of powder. These ranges, I conceive, will be

. acknowledged to exceed theexpectations of those,
who have not been conversant in trials of a like
kind ; and the ranges in the two last trials, with
33 pound of powder at 6°, would. not be increased
more than 200 yards by an addition of 7 pound

- more of powder; as I can easily evince by experi-
ments which I have in. my possession, The
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' The next experiments were made to examine
the penetration of bullets, fired with these small
proportions of powder, in masses of timber. For-
this purpose, a butt of about 5 feet square, was
framed of two sheets of the toughest, driest oak
plank ; the first shett consisted of planks set per-
pendicularly in the ground: But in the second the
planks were laid horizontally, each plank was 63
“inches thick, so that the whole butt was 13 inches
thick, and -was 'bound tagether by cross pieces,
which were well supported by props both before
- and behind. It was placed abaut 30 yards from
the muzzle of the 18 pounder.

With 1 pound of powder, the bullet in repeated
trials alwai/s passed through the whole butt, pe-
netrating the first sheet of oak in a hole, which
was free from splinters, but splintering the.second
sheet greatly, and driving the splinters from 10
to 30 yards distance. ' E
- 'The first butt being ruined, another was made
of five thicknesses of plank instead of two, so that
it was 824 inches through ; the doubles here were
placed perpendicular and horizontally alternately, .
each plank was trunnelled with three trunnels to
that next behind it, and the whole was bound to-~
gether by cross pieces, and was most firmly shored
. on both sides, S ' L o

The 18 pounder, successively charged with 33.
pound, with 3 pound, and with 21 pound of
'ﬁowd,er, the bullet'in each shot went through the

utt, driving every time great quantities of splin.
ters before it; but the last shot of 2; of powder
made much the greater ravage; for it drew the
trunnels, and separated the doubles of plank from
each other, and broke the hindermost plank (which
- was 61 inches thick, and 15 inches broad) short
in two. " , = :
As T was aware, that. the resistance of these
doubles of plank, was less than that of large solid
- - Us beams

1
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beams of timber; I directed a third butt to be’

made of dry seasoned beams of English oak;
these beams:-were about a foot and'a half thick,
and about two feet broad. Three 'of them were
set perpendicularly into the ground close to one
another; then three more were laid on each other
horizontally for a second.row; and three more
were set perpendicularly behmd the hutt thus
formed:-was 4 feet thick, and was bolted through
with iron bolts: of 13 inch diameter; ; it was be-
sides strongly shored both before and behind.

The .13 -poungier fired with 6 pound of powder,.
the bullet in several'shots penetrated into this mass
.of timber-from 37 -to 4G inches deep.

With 3 pound of powder the penetratlon was

- near 33 inches.

.. With 21 pouud of powder the penetratxon was:
23 inches.
.- frem 145-to 155 inches.
+- I-must obscrye, that in all these mstances vreaﬁ-
ca.{e was taken, that eacli shot .shoyld be planted
".in a-fresh sound part of the butt, where the tim-
bérs had not. been injured: by the precedmo trials ;
and T cannot but take notice, that the iron. bolts,
which bolted .the butt. IO"‘Ctht’l, were bent. by
shaking of the beams, as if they had been of small
wire ouly

-+ It may, perhaps be obJected that the dxstance :

of’ my. butt from the piece. was too little, :and that.
had it been removed farther off, the force of the
bullets fired with their small clmges wauld -have
been much short of what I have described ; if this

should be urged, I answer, that I was abliged to.

place the butt nearer than I would have done, on
account of the ground, which was a morass, pass~

~~ ableonlyin a Tew places However, I am.well

satisfied, that in'much greater distances from the
plece, the penetrations would not have been sen-

sﬂ)ly .

With one pound of powder the penetratnon was -
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sibly short of what they came out in these trials.
~ For firing 3 pound of powder at a firm bank of

.earth, which was 700 yards distant, the bullet
went through it, where it was eight feet thick:

I must add, that no endeavours were at any time .

used to augment the force of the powder; for the
bullet was always thrust into the cartridge close
upon the powder, and then the whole was put _yp

the piece to%cthg; withput ramming;: and without

a_n{ wad either upon the powdes or the bullet. ;.
"rom all these expériments,, I hope,: my lord, . I
- may conclude, that small charges are much more
- efficacious, than has beep. génerally belieyved; that
after.a certain charge: (for instance, 3% pound of
powder in an 18 pounder) all addition of powder
will create but an inconsiderable change either,in
the range at an elevation, or im the foxce at a
distance:* And that the  penetration:of an; 18
" pounder with 3:pound of powHer, is more ;than

sufficient. for traversing the sides of -the- stoutest

ships. The deductions from. these, pringiples are
very numerous, and may prove, Pf,,most extensiy,

use 1n the service of artillery, bath; at sea and..an

- shore; but as I have already trespassed.so long on
your lordship’s patience,. I shall tefer, these conn
siderations, together with an agcount.of the. trialg
of another nature, which, I made.at the same tima
~ at Chatham, to:a futyre disquisigion,. ... ;; -

ETRTEL)
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On pointing, or the directing of Canpon e
o 'sfrikf; | distant Objects..

>

THE art of ponting of cannon, so as to strike
distant objects, depends upon ‘two things; the -
first of which, “is- the tracing on the outside of™
the piecea visual line parallel to the axis, by which
mezns the prece 18 ‘to -be'difécted in all small dis-
tances of the objects ; and the otheris, the deter-
mihing the allowance to be made in distant shot,
for'the mmcurvation of the flight of the bullet.
* The first of these is usually called disparting,
#nd ‘is performed hy taking half the difference of*
the diameters of the muzzle and base fing, and
setting it pe;ﬁndi_cularly on the muzzle rmg di-
réctly over the centre; for then a line, which
passes from that point in the base ring, which is
directly over the centre of the piece, to the extre-
mity of the distatice thus placed on the muzzle
ring, will, when the l;»iéceji:z ‘tryly bored, be par-
allél to'its’axis; and consequently in small dis-
tances, where no allowance 1s te be made for the -
~ incurvation of the shot, this will be the proper
visual ray, for pointing the piece; and even in
distant shot, where allowances are necessary,
those allowances cannot be regulated, till this line
be first assigned; for, as the objeet is more dis-
tant, the mare must the piece be elevated above
" the line drawn from the pieee to the ebject. What *
this ‘elevation is, in regard to the -differentdis-
“tances of the object, and how to be estimiated, E
ghall now proceed to shew. - Th
N _ e

.
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The incurvation of a shat towards the ground
im its flight, is (‘ceteris paribus) greater or less,
according to the different charges of powder made
uge of ; But as, for reasons explained in another
place, we have supposed, that such a charge, as
produces a velacity between 1100 and 1200 feet
19 a second, is in many cases the moast eligible ; -
we shall therefore take it for granted, that the
- pieces we are now considering, are discharged
with such a quantity of powder, as will nearly
produce that velocity. And then, if the shot were
-not retarded by the resistance of the air, -therange -
correspondin% ta one degree .of elevation of thig
*. plece might be l‘eCkOIler 450 yards; to two de-

rees 900; to three degrees 1350; and so on;- for,
independent . of  the air’s resistance, the ranges ag
. different ¢levations would be néarly in proportion -
to those angles, at least as far as eight or ten des -
grees, But the resistance of the air will alter the
case considerably; for that resistance, hy perpe.
tually diminishing the swiftness of the ghullet,‘ will
_occasion its track to be more incurvated, than
would. otherwise hapien,, and consequently the
ranges will be diminished. And this diminution
of the range will be greatest in the smaller shot,
as they are more powerfully retarded. And as the
¢omputation of these varicties may be thought .
too intricate to be ?erp.etuall 7 recurred to, ip
~order to avoid that trouble, ly have ‘inserted in
the annexed table, the angles of elevation which,
in different pieces, correspand to different diss
" tances. S o ,

.

- ~ Actua}

14



s14. . TRACTS

Actual | Angle of elevation. .
range —~
inyards| 24lb. | 12lb. [ 9lb. '| 6lb. .| 3ib. .

-0 1557

1400 (4 12 |4 30 1445 5

1200 |3 26 340 (350 /4 O 4 30
1000 |2 45 1254 3 0 (3 7 [330
800(2 6 (210 {213 22 230 }.
600 [1 30 |1 32 |1.34 |1 36 |1 44 -}
500 {1 13..1115 117 |1 19 41 22 }
400 | 58 5851 59 |1 o 3 .

300 | 43 | 43 .| 43+ | 44 | 434}
200 | 273 | 28; | 28: | 283 29;|.
100 || 14— 14+ 14:4] 41| 15 .

* By this table, when the distance of the objegt
is known, the angle, by which the axis.of the
piece ought’to be elevated above the visual line,
or the line drawn from' the piece to the object, will
be readily determined. F{)ni,whethér ‘the object: -
be above or below the piece, need’ not be, con-
sidered ; since the range will always dépend upon.
the angle by which. its 4xis”'is elevated above the
visual line; unless the ‘inclination of that line
“ta the hotizon' be ‘much ‘greater than usually og-
curs in practice.” Now when the angle of the axis
With' the visual line is. known, the: piece is easily
directed in'the following manner. . .~ o
- Measure.the léngth 0% the piece from.the middle
of the base ring to the middle of the muzzlé.ring,
and compute the tangent to the given angle of
elevation to that radius; this may either be done
by tables of tangents, or sufficiently exact for our
purpose by suprosing that to a radius of 1 foot, %%
of an inch is the tangent of a degree. * This tan-
gent being found, suppose* CHBD to be the given
- piece,
* Plate I1. Fig. i1.
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piece, AB its axis, DE half the difference between
the diameter of the muzzle ring and base ring,
set upon the muzzle ring according to our first di-
rections, so that CE may be the line of dispart ;

if now CG be erected upon the base ring, equal to
- the tangent of elevation just found, then the line
GE will be the proper line for the pointing of the
piece; for, when that line is directed to the ob-
Ject, the piece is justly laid, ST
* If the directions here given are literally followed,
there will be two perpendiculars erected, one upon
~ the muzzle ring, and one upon the base ring, but
in practice one 1s sufficient; for if GC exceed DE,
that difference only, erected upon. the base ring,
will with the muzzle ring at D), give the line of
direction ; ‘and if DE exceeds GC, the same dif-
ference erected on the muzzle ring, willin like
manner with the base ring at C, give.the directions
of the piece. . .. . O
..1find, that the charge of powderproducing such
a velocity,, as I here suppose to:hg;the most eligi-
ble, is from % to § of ;the weight of the Bullet in
powder, the different goodness of ,poywder, and the
difference in the lengths of pieces, producing that
diversity. And though, by a variety in the charge;
_the velocity should not be exactly what is hére -
supposed ; yet in distant ohjects (where the prin~
cipal difficulty lies) the inequality arising from
thence will not be remarkable; or if'it be,: it may
be easily rectified after the success of.three or four
shot have been attended to. h
. . I shallionly,add,: that in distances not exceed=-
ing 500 yards, it is nat necessary to -recur to the
table inserted above ; nor to make any difference
in the pointing of the different pieces. For ifin
“those short distances + of a degree be supposed to
be the inclination corresponding to every 100
yards, the result will in all kinds of cannon be
sufficiently near for practice; as will readily ap-
: : . ‘ pear
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pear to those, who shall compare the inclinations
deduced from this rule, with the angle inserted in
the table. S o

Here ends Mr, Robin's manuscript, I am sen-
sible he wrote other tracts on this subject of gun-
nery, besides these I now publish, In particular,
on the 9th of 4pril 1747, there was read before
the Royal Society a:Letter of his to admiral 4nson,
on occasion of the manuscript put into his hands
by the admiral, which was taken on board the

ench ship the Mars: and also, on the 2d of
the following July, a Dissertation of his concern-
ing the nature and advantage of rifled barrel pieces,
This I have heard much commended by several
gentlemen, who weré present at its reading. ‘
-~ From his memorandums, I find, he had made

many experimenta on these sorts of barrels durin
the month of Marchk in 1745; and €0 ‘a roug

raught of a Discourse on the irregularities- shot
were liable to (which irregularities he has fully de-
scribed at page 196, &c. ‘of the foregoing tracts)
he subjoined what follows:. © .- - ,

“ 1 must ‘add, that the-sole advantage of rifled
« pieces, is their preventing this irregularity ; for
« gy the spiral turns of the rifle;- closely confining
“ the bullet, they give'it a rolling motion round
* an axis, which is coincident with the line of its
~ * direction, by which means its resistance is e-

“ qual on every part of the surface, that
¢ ?orem’ost; and if a small inequality shoulm
“ any time intervene, it will be presently rectifi-
¢ ed by that part shifting to the contrary side of
¢ the axis, - DR

" And this is agreeable to what has been uni<
“ versally practised in relation to arrows ; for the
¢« feathers of an arrow (as is well known to arch-
¢ ers) are always placed in a Zpiral form, so as to
* make an arrow spin reund its axis, without

1 which
LY . .
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¢ which their eye-sight would inform them, that
“ the arrow undulated in the air, and did not
‘ keep accurately to its direction. This principle
 is confirmed too by the necessity, which ever'y\
“ school-boy finds himself under of making his
- % shuttlecock spin. - -
¢ T have made some experiments on simpler
methods of performing this, and applicable to
¢ iron bullets; my success as yet has not been
“ what I could wish; but it has however been
¢ sufficient to encourage a farther prosecution,
*“ which if I shall ever pursue farther, I know
“ not.” : o ) .

Besides, in a Letter Mr. Robins wrote to Alex-
ander Hume, Esquire, dated For¢ St. David,
18 October 1750, there is the following passage -
communicated to me by Charles Frederick, Esq.
-surveyor general of his Majesty’s ordnance.
¢ If you remember what passed in con-.
‘¢ versation with Mr. Frederick in relation to light

“ pieces of cammon; you will not be displeased to
s ﬁear the result of some trials, I have made since
‘“ my arrival here. These trials were made with
 two six pounders, both of them elevated to 11°,
“ One of these was a heavy piece, weighing above
- “ 21 hundred weight, and about eight™ feet in

“ length. The other was only four feet three
¢ incges long, and.weighed but five hundred
¢ weight. The short piece being loaded with 1
¢ pound of powder, and the long piece with three
‘ pounds, and four shot being fired from each;
it was found, that the two most distant ranges
of the short piece exceeded the two least ranges
of the long piece, and that the medium of the
ranges with the long piece exceeded the medi-
‘“ um of the ranges with the short piece, by littie
‘ more than 300 yards in 2500 yards. All which,
“ T believe, Sir, you will, on recollection, find -
“ to be consonant to what I asserted ath your
: ouse.

14
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“ house. I hope to procure some irop pieces near-
“ ly as light as, the abovementioned six pounders.
¢ These pleces in this country being of infinite
~ % service in the field.”
I shall conclude this volume with two dlscourses,-
on the height to which rockets ascend ; the first
. written by Mr. Robins, the other by his friend
Mr. Ellicot.
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Observations on the Height to which Rockets
. ascend. Read before the: Royal Society,
. May 4, 1749, and published in the Phi-

 losophical Transactions, Numb. 492. |

THEiuse of rockets is, or may be, so cona=:
- siderable, in determining the position of distant
places to each other, and in giving signals for
naval or military purposes; that I thought it
worth while to examine, what height they usu-
ally rise to, the better to determine the extent
of the country, through which they can be seen.
I therefore, at the exhibition of the late fire-
works, desired a friend of mine, who I knew in-
“tended to be only a distant spectator, to observe
the angle of elevation, to which the ‘greatest of
them rose; and likewise the angle made by the
rocket, or rockets, which should rise the highest
of all. . ,

My friend was provided with an instrument,
whose radius was 38 inches; and, to avoid all
uncertainty in its motion, - it was fixed in an inva-
riable position ; and its -field, which took in ten
degrees of altitude, was divided by horizontal
threads. The station my friend chose, was on
the top of Dr. Nisbett’s house in King-street
near C}')bea])side, where he had a fine view of the
upper part of the building erected in the Green-
- park. There he observed that the single rockets,
- which rose the most erect, were usually elevated

at their greatest height about 6°; above his level ;
“and that amongst these there were three, which

1T05€C
’ hd
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rose to 7°;; and that in the last great flight of*
rockets, said to be 6000, the crest of the arch,
formed by their general figure, was elevated about
8°}. From the care and dexterity of my friend,
and the nature of the instrument, I doubt not
but these obsefvations are true, within a few mi-
nutes. ' ‘

The distance of this stition from the building
in the Green-park is 4000 yards, dcdording to
the last great map of London : and hence it ap-
pears, that the customary height, to.which the
single, or honorary rockets, as the% are styléd,
ascended, was niear 440 yards; that three of these
rose 526 yards ; and that the greatest height of
any of those, fired in the grand girandole, was a-
bout 615 yards: All reckoned above the level of
the place of obsetvation, which I ésteem to be near
95 yards higher than the Green-park, and little
lesg than 15 yards below the chests, whence the
great flight of rockets was discharged. ‘

It seems then, there'are rockets, which rise 600
yards, from the place whence they afe discharged:
And this being more than a thitd part of a -
mile, it follows, . that, if their light be sufficiently
strong, and the air be not hazy, they may be seen
in a level country at above 50 miles.distance.

_ The observations on the single rockets are suf-
ficiently comsomant to some experiments 1 made
myself, about a forthight since: for then I found,
that several single pound rockets went to various
heights, between 450 and 500 yards; the altitude
of the highest beirg extremely near this last num-
ber, and the time of their ascent usually short of
seven seconds,

But though from all these trials it should seem,
as if good rockets of all sizes, had their heights
limited between 400 and 600 yards ; yet I am dis-
posed to believe, that they may be made to reach
much greatér distances. This 1 in some degree

collect
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collect from the nature of their composition, and
the usual imperfect manner of forming them. -

Nor is this merely matter of speculation ; for I
lately saw a dozen of four pound rockets fired ;.
the grebtest part of which took up near fourteen
seconds in_their ascent, and were totally obscured
in a cloud near nine or ten seconds of the time ; so
that the:moment of their bursting was only observ-
able by a sudden glimmering through the clouds.
And as these rockets, during the time they were
visible, were- far from moving with a languid
motion; I cannot but conceive, that the extra-
ordinary time of - their ‘ascent ‘must have been at-
tended by a very unusual rise. :

N
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An' Abbiint" of ‘sémie” Fapetiménts, mude> by
Benjamin': Robins, . Esq. F.: R. Si Mr,
Saritiel ‘Da Costa, and sevekd? othek gentles>
nien, i’ order to- discbver the: Height- ta-
which Rockeis may be ‘made to ascenddy and 't~
Dhdt distatibe their' Eight:mbty be seens: by
Mr. John Ellicott, F, R.S. Reidbefors
the Royal Society December 13, 1750, and
published in the Philosophical Transactions, -
Number 496,

SO0ON after the exhibition of the fire-works®
in the Green-park, Mr. Robins communicated
to this Society an account of the height, to which
several of the rockets there fired were observed
to rise, In this account, after having given a
- short description of the instrument with whieh -
the heights were measured, he observes, that the
customary height, to which the single or hono-
rary Tockets, as they are styled, ascended, was a-=
bout 465 yards; that three of them rose to about
550 yards; and the greatest height of any of* =
those fired in the grand girandole was abaut 600.
yards. . He likewise further observed, that, sup-
posing rockets are made to ascend 600 yards, or"
more than a third of a mile, it follows, that, if
their light be sufficiently strong, and the air not
' hazy,

* On occasion of the late peace.
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haz they may be seen in a level country at about
ﬂes distance; and’ that ‘from, ‘the naturg’ of
the ¢gmposition, and ‘the usual imperféct mannerf
of f’orm’in% them, heé'was’ of opimon, that réckets
werg capable of heing gt’ea:}yimpro\'ed and méde
t reach much’ greater distances, ' f
"M, Robins not havitg been able to obtam any,
certdin account to what distarice “any of" thése'
rockets were actua'ﬂ seen, 'and’ consndenng the?
great use ‘that Im%cht be madé of rockets ‘in de-'
termining the position | ‘of "digtant. place$, and i
‘\>1n0' signals for ‘naval''and agmy purp odes,”
te resblv d to order $ofe rockets to be- ﬁred it
an pomted tlme, and"'to -desire . some of his?
friends to lock out for them ﬁt sevetal Véxy distaht®
.,places LI PO s )
““The ‘places fixed upon for this purpose, -were
?oa’marﬂm;h in"Ken¥, 'a out 50 miles” dlséafx‘f’
om London’; Beacon- Hzll ofl 7 tery-Heath, m
Essev ‘at' about 40 miles ;" ’and ai‘kwa ‘o the!
" bordérs of* Hergford-sh;fe, dbout 38 mljcs frott;
Lon on, e BT
r. Robdins aceordinglr ordered seme rockets.
to be made by a person‘many years employed’ in!
{hq Royal Laboratory at Wooldich'; 'to - which/
some ‘gentlemel,” who hdd’ béen 1‘i1forme& of Mr?.
Robms s intentrons, 'addéd Some “others of - thai¥
own ‘makirig. The 7th of September,” 1748, af
ght in the evemn , wag the time appointed - for
ihe firing of them ; ut throtigh' the negligerice of
fhe engineer, hey were 'hot Rt off till above ha
our after the time' a eed Upon, ' There wét
in al a ‘dozen rockets ﬁred Yrom’ Zondon-Field aE
gackney, and the heights weré mea§urecT by
anton ‘M. “‘Robins %emg fresent ‘at the s‘-u
tance 8 about” 1800 yards’ ronf’ ‘the’ f)ost from
whence. the fockets s were fited. ‘' Thé greatest part
of them* did ‘not ride to ‘abave 400 ya?ds 3 one to,
;qaout 500, ‘and one to’ 6‘00’ yafdi nearly. - = -
‘ X'g By

\
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i?;y a letter I received the next 'day from thé'

Reverend Dr. Mason of Trinty-College, Cam-<
bridge, who had undertaken to look out for them
from Barkway on the borders of Hertfordshire,
I was informed, that, having waited upon a hill
near the town with some of his friends till about
half an hour past the time appointed, without per-.
ceiving any rockets, as they were returning to the
town, some of the company seeing through the
- trees what they took to-be a rocket, they imme-
diately hastened back out of the closes into the
open, fields, and plainly saw four rise, turn, and
spread, He judged, tﬁey rose about, one degree
~ above the honizon, and that their lights were strong:
enough to have been seen much further. -

.- From Essex 1 was. informed; that the pérsons:
on Tiptery-Heath saw eight or nine rockets very:
distinctly,at about half an hour past eight; and

. ikewise greatly to the eastwardof those five or six
more, The gentlemen from Godmarsham in Kent,
having waited till above half an hour past, eight
without being able ta .discern any rockets, t%ey
fired half a dozen, which from the bearings of the
places were most probably those seen to the east-

ward by the personsupon Tiptery-Heatly; and if"

the situations, as laid down 1n the common maps,
are to be depended upon, at abouyt 35 miles
distance. B

The éngiﬁeer'bcing of opinion, that he could;
make some rockets ot the same size as the former,
that should rise much higher, Mr, Robins ordered
him to make half a dozen, These last were fired
the12th of October following, from the same place,
and in general they rose nearly to the same heights

with the foregoing;. excepting one, which was ob-

served to rise 690 yards, The eveping. proved
very hazy, which rendered it impossible for them
to be seen to dny copsiderable distance. | -

\.‘;i' L _ " It:
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B i)ejng observed in these trials, that the larg-
st of ‘thie tockéts, which were about twe inthes
‘and 'a half in diameter, rose the highest; Mr.
‘Robin's intended to have made some more expefi:
. ‘énts, in orderto a’ further discovery, what $iz-
~d rockets would rise’ highest. But hjs éngage-
.ments with the ‘East-India company preventing
~him,. Mr. Samuel Da Costa, late.of Devonshire-
- square, 4 gentleman of an extraordinary geniusin
mechanics, and indefatigable in the application;
Mr. Banks, a gentleman, who had for many years
practised making rockets, and two other persons,
undertook the prosecuting these enquiries;-and
‘having made several experiments, as well with' fe-
gard to thE composition as the length. which
rockets might'be made to beatr in proportion to
“their diameters, and of différent sized rockets frgm
'one inch and a half to four inches diameter, they
‘interided tth‘{_wintei-“to have ‘made trials of some
of yet greater dianietet, had not the death of ‘Mn
" Da'Césta preventedit. ' e

I shall therefore beg leave to give some accotint

of the'success, ‘which has Hitherto ‘atténded this
. umdertakihg, so’ far as they wentt’ and -as .it Has
" been fnuch beyond what was expected, I am'in
hopes, this short rélation will not prove unaccepts
cable. T T - o
-~ Amongst some tockets fired in the last spring,
- ‘there were two made by Mr. 'Da’'Costa of about
three inches and a half diameter, which were db-
‘sérved 1o rise, ‘the brie to about 833, the other to
015 yards. | At 4 second trial, made some time
after, there' was onte made by Mr. Da Costa, of
four inches diameter, which rose to 1190 yards.
"Thie last trial was made the latter end ‘of dpril
1750, when 28 rockets were fired in all, made by
different persons, and of different sizes, fiom one
. inch’and a half diameter to four inches ; the most
- remarkable of each- size were as follows; one of
' ' X8 - - bme
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, ¥a, 1000 yards, . ope.to .1100, and anothér to 1200
ygris.or fouble to gny of e difa T the Green-

L have bega infopmed, hat ghe eltio
" ;{ﬁal{é&?& appeared, so.very ex ;;'}aq(r_dinqry to some
»gentlemen conversdnt in such ‘thatters, 'thdt they.
: ,;i@,vq ;mentioned. it, a§,’§heir opinion, , that there
. must certainly have,been some mistake, eithef in
therwise. - ,In answer to which'T wduld' obsetve,
that, in all the experiments mentioned in 'tl‘ﬁ.s",ga-.
per, the heights were all taken by the same person,
viz, Mr. John Canton, and that the last trial was
made in the presence of several very worthy mem-
bers of this Society. That the instrument. being
first fixgd ,tp a proper angle, -was ,not-altered du-
* ring the whote timé of trial} " and “therefore, if
there had been any mistake in fixing it, that mis=
take 'W'(‘)P'l%‘h ha’vei%aﬁed the height gf all )the {)ocka
- ‘ets.,as_npach jas ghpde Ag Da Cosra’ss but it
was those of Mr %aff osta only, fat’xd >_that at
three different trials, which rose to such extraor-
- dinaty heights; and, therefore, I think; we have
- sufficient reason, to conclude, ‘that ‘their measures
. Wore, cortainly, taken very near fhe truth ©

N
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“After the foregoing . Qhéét_s w'erg‘ printed off, a
copy of Mr. Robins’s discourse about rifled bar-
rels, mentioned above, was communicated to me

- by my friend Dr. Broklesby, physician to the
-- army; he having received it from colonel Draper,

" whose martial “achievements. in ‘the Eas¢-Indies

. have added a farther lustre to the charactgr of the

...+ This disconrse was read before the Rdyal Saci-
;y immediately after that at page 218, and is as

«
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NATURE AND ADVANTAGE ~ -
- RIFLED BARREL PIECES.

papers of the numérous fi‘rfg(;?hl'aﬁties, W
place in most of the operafioii

deflection of the projectiles from their first direc-
tion, which, as we have seen, is occasioned by

“their whirling motion ; it is now but reasonable to

consider of the most effectual means for prevent-
ing these troublesome and perplexing deviations.
But before I offer any methods of my own for this
gurpose,. it is proper to describe a prattice, which
as long prevailed in several parts of Europe;
and which, though in all probability originally in-
tended for different ends, doth yet in many in-
stances prevent the deflection here treated of; the
producing of this effect being indeed the sole ex-
cellence, all its other boasted advantages appear-
ing on examination to be only imaginary..

C The
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. %7 'The ‘method = -have here in view, and which I
" propose as the subject of ‘the present essay, is that’
- by rifted pieces: and -these pieces; though well
Known on the coftinent,  being but little used in
i dnglgnd; itis necessary to give a short description .
-+ of their make, and of the particularities, in which
they. differ from the common pieces. For which
' purpose- I must observe, . that the essential differ-
- “ence between them is this. :That a common piece -
“~Tras its barrel smooth. on the inside, whereas the
“i rifled” piece has its cylinder cut with a number of
“t spiral’ channels ; so that it is in yeality a female
- screw; varying fromthe fabric of common screws
. only'in this, - that its threads or rifles are less de-
* .flected; "and approach more to a rightline; it be-
-ting usual for:the threads, with which the rifled
~+ barrel is‘indented, to takea little more than ene
't turn*in its whole length.. The pumber of these
- - rthreads in each -barrel ace different; according to
- the fancy of .the workman, and the size of the
- barrel ;. and in like manner, the depth:these chan-
1 nels, 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 the -
- caprice of the'artificer. 'This is. the general idea
- of a rifled barrel, as dpposed to a common one;
. and the usual method of charging it (though there
are different practices, which will hereafter be
' ‘more minutely examined) is this.. When the pro-
! per- quantity. of ‘powder is put down, .a leaden
' gullet is taken.a small matter larger, than the bore
of the piece was, before the rifles were cut; and
- this bullet béinglaid -on the mouth of the piece,.
~and being conséquently toq large to go down of
- itself, it is forced by a strong rammer, impelled
« by amallet, and by repeated blows is driven home
‘to. the powder; and the softness of the lead giv- -
ing way to the violence with which the bullet is
 impelled ; that zone, ofthe bullet, which is canti-
: - guous
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: guous tot ther prece, vaties :its larculasform ;' and

takes the shape of the inside of the barrel: so that

©" it becomes the part-of. a malc serew, exactly: fit-

“iting the indentsofthe riflesi:And-here it happens;

" that, when the piece:is fired; that indented zené

~of the ballet. follows the.sweep of the rifles ; and

“"thereby, besides its progressive motion; agquites &

--gircular motion round the axis of the piece; which

" circalar ‘motion will be.continued to:the bullet

" after its’separation’ from:'the: piece ;:(by: which

ineans a bullet discharged frem. a rifled : barrek is

" consténtly. mide to whidroand an.axis) whieh is

-voincident with the line:of its flight. 1. And<hence

it fellows, - that the«resistance :on -the foremost

- gurface of' the bullet is “equally distributed - yonnd

""the poleof .its circular motiony, and acts:withran

- ‘equal leffort on every side of the:line:of direction §

" 2 56 thatthiy resistabce.ican. proddce no dewiation

i from that: line. - And {whichiis still of . more.ima

 portatice) if by the casual-irsegularity.of the fore-

-—omost surface of 'the bullet;or by .any other acci-

2-dent; ' thé! resistance’ should be stromger on.one

i side of the pole of the circulat motionthan-on the

“:othier § :yetyias! theplace, Where this greater resis-

“-'taricé abts,: inast perpetually: shift :its - positiont

“round the lihe; ih which the..bullet flies; the-de-
i fléction, which this -inequality would: oecasion; if

! it aeted- constantly with-the samg {mm‘ tendency,

¢ 1% ‘néwcontinually -rectified by the various:.and

"~ ‘comtrary tendencies of that disturbing foree, du=

(\"_f 'Hing the course of one revolution, . - _

"~ “This' perpétual correction of w deflective effort

““ofi the foremost’ surface !of: the bullet; in.conse:

~ " quence of ‘the revolution! of 'the: bullet tound :the

2 -Iine of -its direction; “may perhaps: be exemplified;

- by - eonsidering ' what happend:ito z.icastle«top,

"+ avhilst #dpins-apon its point.: :For it:will baeasi-

oy ‘aékhokvledged,’»-that? this)withoutiits revodving

" "motion; - eould- not ‘vontinugforthe leastportion -

\ of
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“of thtie in- that“sxtﬁatkn ' Anid 1 if "wer Ekarm'ﬁe,
' hidw this happétis 'Sve shall'fitid ; that;: thbigli its
béﬁtrc of’ vit ls fiot’ bﬁactﬂy bver the point, it
“spins"on ;' yét ''that “ideqiidlity tanthot ‘instardly
“brihg it to'the groufid ‘according to its naturhl ef=
”fmt bedé.txse,"dhrme one revolition, - the certre
i bf’ avﬂy b’reponderates on'every side of the top ;
"'thereby 'rfises it as‘mirch in’ohe place, “ad it
: jjcIf:'pr'es§éd lt'm dnother. ‘Anid ‘this reasoning (sup-
posmé that the te‘ndehcy ‘of 'the centre of - g&avit
“of fha’iop ‘to"descend, be' analégous to the actibn
~'of 'the @néqual res:stdnce on the foremost stirface
‘ofia bullet fired frém a rifled ‘barrel) will easily ex-
> pldin B, motwithistandirig that inequality, ‘the
o bdllet"‘kdegs tfue’ td.its track’ without ‘deflection.
”’A d'\hat''ig "hére adViriced, s farthier cotifitited
fhe el practicwith feoard t0'arrows. * For
er: I khb?ﬁi to évéfyl areher, that the feathbrs
"‘tif'é 4rfow Are” laced HrP 8¢ s'piral form{ s0'as'to
14k d Yhd ?mﬂwk i i‘duﬁd‘its axis, WIthbut‘which ‘
"1t thl b ‘6‘6{'5611:# t& the eye, ‘that the afrow; un-
dhfatéd iff the-ar, ’é‘ﬂd did hot kg accuratély'to
”'ts diréttid n. Al‘d it'i§ ‘owing‘to the same prin-
“Eiple,” tHat ‘dvery schiplboy finds himself unider
i ‘the ﬂe’césélty of Thaking Ris’ shuttle-coék -Spin, ' be-
“ifore he‘tar ‘depénd’ upon “the trath of its flight,
" -This‘is’the ehe‘ral théory of the otion of Bul-
% Yéts' dlscHargeg from rifled’ pieces ; dnd'it'is foind
‘by expérinient, that'their-actdal’ hibtions' ¢oires- -
pond vexy well witli these" ‘speculatighs. ' For 'the
exzt ess,” which' those, who 'aré dextréus in ‘the
“use o?f’hese pieces, aftaif’to, is indeed wondetfal ;.
4nd that at sucly distances, that if the bullet3 Were
fired from the common ieces, in \Vhlch the éustom- -
Jary ‘aberration’ takes place, not one ‘in’ twehty of '
‘th'ém ¢oulll'ever be traced.
" But wliat ocedrs' mobst w‘onderﬁxl in- this' aﬂ‘iur,
'is; " that a'/méthod 'so ‘singular and' so Succéssful,
an’d which ‘hath ‘been so Jong‘and: generally Prac-
tzsed

/
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. tised in many parts of Germany and Swisseriand,
should. have its theory so little understood, as it .
..appears to. me to have been. For by all, I have
. been able to recollect, I.am fully satisfied, ‘that
“neither the inventor of this method, nor the prac<
. tisers of it, nor any of the numerous authors, who
have written about it, have been at all apprized of
.the true and genuine advyantages hence arising ;
. but have constantly represented the intention of it
- to .be very different, from what I have heré de-
. scribed ; and. have supposed it to be attended with
- conveniences, which, by a long series of experie
- ments, I knowto be altogether imaginary. For the
- truth of what I here advance, it might perhaps be
.~sufficient tp appeal to those gentlemen, who haveat .
. amy time examined artificers, or those skilled in -
-.the practice of these pieces, about the use and ins -
. . tention of the rifles. - For.I doubt not, but they
..+have found, as I have done, that one or all of the
. . three following -rfcgspns,hgve been constantly als
ledged. Either that the inflammation of the pow-
-der was greater by the resistance, which the bul-
. let thus forced into the barrel gave thereto, and
. that hereby thg bullet received 3 much greater im-
pulsion, than it would have done from the same
quantity of powder.in a common piece: or that the
bullet by the compounding of its circular and res
_ volving motion did, as it were, bore the air, and
_. thereby flew.to a much greater distance, than it
would otherwise have done; or that by the same
boring motion it made its way much easier through
all solid substances, and penetrated tuch deeper
into them, than if discEarged in the common
manner. ]

These are the reasons, which I have always
heard urged upon this occasion. And, as a proof,
that this is the light, in which those authors have
considered it, who have purposely treated of the
subject; I shall quote the latest, I believe, .lxlvhﬁ

- hat
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hath written about it; and 'who appearing himself*
to be a practitioner, and t¢' be extremely inquisi-
tive and curious in every branch of this business,
may be supposed to give the most authentic ac-
count of what was generally believed in this mat-"
ter. The person I mean, is Jokn George Leutman,
fellow of the Imperial Academy of Sciences at
Petersburg : in the acts of which academy he
has published two dissertations. The first of them
about the manner of forming these rifles. De
sulsis cocgleatis ad datam distantiam tubis sclope-
tarum recte inducendis. The second containing
certain curious remarks and experiments on the
use of rifled pieces. Annotationes et experimenta
quedam rariora et curiosa-ad rem sclopetariam

ertinentia,* ’ .
In the first of these tracts he gives the following
account of the intention of these pieces.
.. Primus, qui hanc finxit in tubis formam, pro-
culdubio eum habuit finem, ut'globus per gyrum,
gpe cochlearum, inductum, aerem terebrando fa-
cilius penetret -atque secet, prohibeatque, ne
inea directionis, globum impellens, a recta ni-
mium deflectat via, et tandem corpus resistens,
ad quod tendit globus, wekementius feriatur et
trajectetur, quande globus gyrando illud perte-
rebrat.t Where, though one part of it seems to
point out that advantage, which I have above as-
serted to be the only one attending this practice ;
yet by a more careful attention to the words, and
by comparing them with what he says in other
places; ‘it appears, that they relate to some fanci-
ed convenience in the impulse of the powder, and
not to the rectitude of the track, in which the
bullet flies. S Coe
Now that. none of the three foregoing reasons
hold true in the use of these pieces ; 1 have satisq
fied myself by numbers of experiments made with '
’ : . rifled
# Tam. IV. Ann. 1729. p. 265.
+ Tom. IIL Apn. 1728. p. 156,
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rifled, barrels,of varioys, sizes., For,in, these. expey
riments I have found, that,the velogity of the byly

‘let, fired.from a ritled bagrel, was usually, less, thap,

that of the. bullet fited fyony a,common. picce With,
the same, praportian. of powder. Ipdw?f 1t is bug, -
reasonabla ta.expect, that this,shoyld.be.the case,.

For if. therifles.are very.deep, and the byllet s large,

“enough, to-fill;them up, the friction bears a vety,

congiderahle proportion to, the, effort of the pow-
der; and that in this,cage the friction, is ‘of cohsg-
quence.enough to.have,itaeffacts obsgrved, 1 haye,
discavered-by, the continued, use of. the, same barg,
rel.  Fou the metpl of, the.harrel being . saff, anc
wiearing.away .apase, it horg by half a,year's,use,
was,sensibly enlarged ; and.cansequently the depth
of its rifles diminished, - and then I foung, t;b.gt%ﬁ ,
same: quantity of the, same powder, would. give :to,
the bullet a velpcity, near, 4 tenth. part, greater,
than what it.hadidong at first, .~ And, as, the. velo-
Gity of the bullet.is not increased, by the use off
rfled barrels; soneither.isthe distance, itfligs to,
ernits penetration. infp solid, substances, Indeed,
these. twe last suppositions appear at, fivst sight too,
chimerical to, merit a fosmal, confufation. But L
cannot. belp observing, that those, who,haye. been,
habituated.to, the practice. of these pieces, 316 very, -
excusable in, having given way, to, these preposses-
sions. For they constantly found, that.with them,

5

they could. fire at, a mark with tolerable, syccess ;
though it were placed at three or fous times the.
distance, to.whi¢h the ordinazy pieces were supy
osed; to. reach.  And, therefore, as they, were ig-
ant of the ttug cause of this variety, and did
pot know, that it arose only from pigventing the.

~deflection of the ball; it was not .unnagyral, for

them toimagine,. thay the superiquity in, the, cffect
of the rifled piece was owing, ecither to a more viz
alént - impulse. at. first, or to.a Qe £A5Y. PASSAZE

. oo bia
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" 'T'his ntay ‘suffice ‘as to the general- idéa of ‘the
form-and:convenience of a rifled piece ; and beéfore-
T entér into-a detail of the varieties in its fabiick,
and 'manner of ‘charging it, or engage -in any mi-
nute discussions relating thereto; it will:be expe- -
dient ‘t6 insert some experiments,- by which-itwill -
appear, how well i’ answers: the purpose; I‘have. -
mentioned above; I mean that of -keeping- the

- ball ' to its ‘re%;uﬁr"track,' by preventing that: dé-

- flection, which, as we have-seen, takes place-in.
the bullétsfired ffom common pieces: ‘
‘And first I considered, - that in consequenc¢e- of:

tHe reasoning about the manner,” in which it pro-

~daces this effect ; it'should’ follow,, that the same
hémisphete of the bullét, which lies- foremost: in

- the plece, must continue foremost during- the
wholé course of its flight:  * ' ~ B
- To’ examine this particular, I'tooka rifled bars " -

rél carrying a bullet of six. to-the-pound but ina-

stead of'its leaden bullet, I used a woodén one-of!
the same size, made of a soft springy wood, which-

bent' itself easily inta the rifles without breaking, .

And firing the piece thus loaded against a wall-

at' such a distance; as' the bullet might not be

. shivered by thie blow’; I. always found, that the,
same surface,. which' lay foremost in the piece,
continued foremost without anysensibledeflection,
during the time of its flight. And this-was easy:
to be observed, by examining the bullet ; as bot
the marks of the rifles, and the part-that impinged:
on the wall, were sufficiently-apparent, ©~ .

- Now, as these woodem bullets were but the six-:
 teenth part of the weight of those of lead ; ‘T con-
clude, that if there had been any unequal resis-
tance or deflective power; its effects must have
beeni ‘extremely sensible upon this light body ; and

. ¢onséquently in some of the trials I made,  the sur-
face, which ¢ame foremost from t_h’ePiece,' musy -
have been turhed round into another s:ituation.B- '

- ' w6
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But again, I' took the same piece, and loading
it now with a leaden ball, I set it:nearly perpen-

dicular, sloping it only three or four degrees from

the perpendicular, in the direction of the wind ;.
and firing it in this situation, the bullet geuelally
cqutmucd about half a minute in the air, -1t rising

by computation ta near three’ q.uaxtels of a nule ‘

perpendicular helo'ht.

In these trials T found, that the bullet common-. '

1y came to the ground to the leeward of the piece, " -
and at such a distance from it,'as nearly corres- .
pended to its ‘angle of mclmatlon and to the ef- -

fart, of the wind;_ it usually fallmg not nearey
to the piece than a hundred, nor farther from it
than a hundred and fifty y&rds And. this is a

strong confirmation of the, almost steady flight of .
this bullet for about a mile and a half, For were,

the same trial made, with a common piece, I doubt

_not, but the deviation would often amount to half a
mile, and perhaps considerably more ; though this
experunent would be a very- dlt’ﬁcult one to ex—
amine, on account of the little chance there would
be of discovering, where the ball fell,

Butxt is now time to mention the varieties of these

pieces, . and the different methods made use of in
different places for charging them,

The most.usual is, d.qubtless, what I have already
recnted, that of fercing a leaden bullet down the
piece by a strong rammer driven by a mallet. But
In some par,ts,ot Germany and Swisserland, an,
improvement is added to_this practice; . especially
in, the larger pieges, whlch are used for shootmO'
at great distances,

.This is done by uttmg a plece of very thin
lcather, or of thin zusnan in a circular’ sha sy
somewhat larger thap the bore of t'he barrel. an
circle-being greased. on one side, is Taid u on the
muzzle with its. greasy part downwarda, and the
bullet, bemg placed upon it, is then fuued dm]n\
o the

.
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‘the barrel with'it ; by which means the leather or
- fustian incloses the lower half of the bullet, and by
_its interposition between the bullet and -the rifles;’

prevents the lead from being cut by them. Bat
1t must be remembered, that in those barrels, where
this is practised, the rifles are generally shallow,
ahd the bullet ought not to be too large.

' As both these methods-of charging at the mouth
take up a good deal of time; the rifled bairels,
which have been made in England (for I rememn=

- ber not to have seeh it in any foreign piece) are”™
_contrived to be charged at the breech; where the
" piece is for this purpose made larger than in any’

other part. And the powder and bullet are put in’
through the side of the barrel by an opening,
which, when the piece is loaded, is filled up with
a'screw. - By this meaiis, when the piece is fired,
the bullet is'fdrced through the rifles, and acquires:
the same spiral miotion as in the former kind of”
pieces. And perhaps somewhat of this kind, though
not in the manner now practised, would be of all-
others the ntost perfect method for the construc-

‘tion' of these sorts off barrels. , , .
After what hath'been said of the advantages of =

these pieces, I must make a few ahimadvérsions-

“upont their defects. And in the first place I must!

obseérve, that: though' the bullet imhpelled’ from'
them keeps for a time to its regulartrack with suf-
ficient nmicety; yet; if itsflight be so‘far extended,

-that its track is much’ incurvated, it will then of--

tenundergo considerable deflections. This, accord-
ing to’ my experimerits, arises from the angle at-
last made by the axi$, on’ which'the bullet turns;
and the direction in which it flies; for that axis:

- cdntinuing nieatly paratlel'to’itself, it must neces-

sarily"diverge froni. the line of thie flight of the buls? -

* lety when thatlitte is bént from its original direc-

tion}: and when” iti ence -happeis;- that the bullet’
whirls/on ‘an‘akis,: lwhich?ﬁo’lwgt'?‘doineidés with!
e : : . the

[RY
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the line of its flight; then the unequal resistance
described in the former papers will take place, and
the deflecting power hence arising will perpetdally
increase, as the track of the bullct by haying its
range cxtende(l becomes more and more incur-
vated.

This matter I have experienced in a small riffed
barrel piece carrying a leaden ball of near balf an
ounce weight. For this piece, charged with one
drachm of powder, ranged about 550 yards, atan
angle of twelve degrees, with suflicient regularity ;.
but being afterwards elevated to twenty-four de-
grees, it then ranged very irregularly, gererally
deviating from the l.me of its direction to the left,
and in one trial not Jess than one hundred yards.

This apparently arose from the cause above men- -
tioned, as was confirmed by its constant deflection
to the left; for by conmdermg, how the revolv-

" ing motxon was combined with the progressive
one, it appeared, that a deviation that way was
to be expected.

- The best remedy, -I can think of for thxs defect,
is the making use of bullets of an egg-like form
instead of spherical ones. For if such a bullet
bath its shorter axis made to fit the piece, and it
be placed in the barrel with its smaller end down-
wards; then it will acquire by the rifl¢s a rotation -
round its lar ger axis; and its centre of gravity
lying nearer to-its fore part than its hinder part, its
lono er axis will- be-constantly forced by. the resist-
ance of the air into the line of its flight. As we
see, .that by the-same meang arrows constantly lie -
in the line of their (hrectlon, Jhowever that line be .
incurvated. . :

But "besides thls xrrebulanty a]ready treated of 3
there is another ciréumstance in the use of these
picces, which renders the flight of the bullets-un=-
certain, when. fired at a considerable. elevation.
Fgr I find by,my g;spenments, that the velomtyf
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“of a bullet fired with the same quantity of powder
" from a rifled barrel,. varies much more from itself
in different trials, ‘than when fired from a common
This, as I conceive, is owing to the great quan-
‘tity of friction, and the fmpossibility of rendering
it equal in each-experiment. - Indeed, if the rifles
arenot deeply cut, and if the bullet is nicely fitted -
‘to the piece, so as not to require a great force to
“drive it down, and if leather or fustian well greas- .
ed is made use of between the bullet and the bar-
re] in the manner describeéd above; perhaps by a
‘careful attention to all these particulars, great part
‘of the inequality in tlie velocity of the bullet may
be prévented, and the difficulty inquestion be in
some meastre obviated : but till this be done, it
cannot be doubted, but the range of thesame
piece at an elevation will vary considerably in' each
‘trial ; although the charge be each time the sime.
And this I have myself experienced in a number
of diversified trials with a rifled barrel piece, load-
ed at' the breech in the English manner. For
here, the rifles being indented very deep, and-the
‘bullet being so large as to fill them up completely;
T found, that, though it flew- with"a sufficient
‘exactness to' the distance of four or five hundred
vards; 'yet, when it'was raised to‘an-angle of about
twelve ‘degrees  (at' which angle 'being fired with
about one-fifth of its weight 1 powdet, its me-
dium range is mearly a thousand yards) in this
case, T say, I found, that its range was variable,
altlough' the greatest care was taken to prevent.
" any inequalities in the quantity of the powder, or
the méanner of charging. And as in'this case, the
angle was too small for the first mentioned irregu-
Tarity to produce the observed effects; they can..
only be imputed to the different velocities, 'which
the bullet each time received by the unequat ac-
tion of the friction. : o
- Y2 : From
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From all that has been said-then about the use
-of rifled barrel pieces; it is sufficiently obvioys, *
.that whatever tends to diminish the friction ot
these pieces, tends at the same time to render
them more complete; and conseguently it is a de-
duction from heace, that the less the rifles are in-
dented, the-betterthey are; provided they are just
sufficient to Keep the bullet fram tyrping round
in_ the piece. It likewise follows too, that the
bullet ought.to he no Jarger than to be just pzess-
ed py the rifles ; for the easjer the bullet movgs in
[the, piece, supposing it not to shift its position,
the more violepg and accurate will its flight be.
A fo ronder his last qrticle the moge complete:
It Is- mecessary, that the sweep of the rifles should
e in each part exactly pagallel to each other. For
then, aftéy the bullet 1s once put in motion, it will
slide ont of the barrel without any shake, and with .
2 gpuch smaller. degree of :friction, ‘than. if the
threads of the rifles have not all of them the'same
degree of incuryation. ' IR
o "he foreigneys are so exact in this article, that
they tiy their pjeces; as ta this particular by a sin-
gnlar artifice, For they first pour melted lead inte
}ﬁﬁn},qn 5 l?ﬁl}}g.;}t .cool, - they procure @ leaden
ot m;ﬁsr of ‘perhaps two qr.\tzrﬁc diameters in
$ngt, ), exactly fitted to one part of the inside of
she, piece; then if this leaden. cyhndet{; ‘being
gently quhed‘?;]y; the rammer, will pass from one.
s of th barel fo the pther Without any Sasible
stigip of gffort, they pronqunce the piece perfect;
 bptif it any where sticks or ‘maves haid, they
gsteeny if defectiye,. 0 T
. i From the pature of these p,l,e,cg{s,gt i1s plain, that
Iheyl fap anly he made usé of with leaden bullets;
gEs somscagntly canpot be adapied ta the adjust-
g of the matjan of either shells, gr capnon-
])yﬁlqt@. Tgwever from the same principle, whence
these pieces derive their peifectjon, other artifices

LR
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may be deduced for the regulating the flight of
_these more pondereus bodies.” On some of these
methods, which have aceurred to me, I have already
made several experiments ; and there are others, -
which I have more lately considered, and which
appear to me to be infallible. But there are many
reasons, why I should not now engage in a cir-
cumstantial discussion of this kind. I shall there-
-fore - close -this paper with predicting, that what-
. ever: state shall thoroughly comprehend the nature
‘and advantages of rifled barrel pieces, and, hav:
ing facilitated and compleated their construction,
. shall introduce into their -armies their general use
with a dexterity in the management of® them
‘they will by this means acquire a superiority,
which will almost equal any thing, that has been
_ done 'at any time by the particular excellence of -
.any. one kind of arms ; and.will perhaps fall but
dittle short of the wonderfulieffeots, which histories
relate to have been formerly produced by the first
.Anventors of fire-arms. S

-

~ "THE END.
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