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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/nguish them from those of
- the original author.
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DOCTOR WILSON’

PREFACE

IN _puélxﬁmg thefe traﬂ: of my friend Mr. Ben-
jamin Robins, I fbould premife fome account. of thesr
author ; together with fuch refleitions, chiefly relating
to mathematical fubjells, as may ocmﬁ(malb' arife. .

This excellent perfon was born at Bath in 1707. As.
bis parents were not wealthy, and alfa quakers, it was
much feared, Ieft the furprifing progrefs be had by
bimfelf early made in <varions hranches of literature,
would be interrupted through want of due encourage-
ment ; efpecially among ft a people, who profefs not the

. Jame ¢fteem, as the reft of the world, for the learning

" they fyle buman ; [uppofing it nat requifite either to the -
underfianding or explammg divine fubjells*

However, fome particular frmzds of Mr. Robins
being wery defirous that be might continue bis purfuits,
and his merit not be loft in obfcurity; 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 fudies. With this view
thercfore they communicated to a gentleman bere a paper
wrilten by him, in order to lcarn what judgment per-

Jons of knowledge might make of bis abilities. This was
Jbewn to Dr. Pemberton, who, thence conceiving . @
good opinion of the writer, for a farther trial of bis

, prqﬁmm_y [ent bim fome problem:, of which the Dolior

required

* Barclay’s Apology, Prop. x.§18,
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-required elegant folutions, not thofe founded 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 advantageous.idea of bis
tafle, as well as invention. .
- Upon this be came to I.ondon ; where bis prefenc
Jill increafed the favourable [entiments that bad been
.entertained of bis talents.  For befides bis acquatntance
with divers parts of learning, there was in bim, to an
ingenuous .afpelt, joined an aliivity of temper, together
with a great facility in cxpreffing bis thoughts with
clearnefs, brevity, firength, and elegance ; endowments,
which do not always accompany fludious perfons. But
though Mr. Robins was poffeffed of much more skill
than is ufually required in a common teacher ; yet being
@wery young, it was thought proper, that be fbould em-
ploy fome time in perufing the beft writers on the [ublim-

. ver parts of the matbhematics, before be undertook pub-
bicly the inflruction of others. In this interval, befides
improving bimfelf in the modern lanpuages,. be bad op-
poriunities of reading in particular the works of
Apollonius, Archimnedes, Fermat, Huygens, De
“Fit, Slusius, James Gregory, Dr. Barrow, S§ir
Isaac Newton, Dr.Taylor, and Mr. Cotes. Thefe
authors be readily underflood without any affifpance ; of
which be gave frequent proofs to bis friends. Amongft
others, one was a demonfivation of the laft propofition
of Sir Isaac Newton’s Treatife om Quadratures,
which was thought not undeferving a place in the
Philosophical Transactions.*

Not long after, an occafion sffered for bim to exbibit
to the public a [pecimen alfo of bis knowledge in natural
philofophy.  The Royal Academy of Sciences at Paris
bad propofed amongft their prize quefiions, 1o demon-
Srate the laws of motion in bedies impinging on one
another.f The celebrated M. John Bernoulli bere

cons

* For 1727. No. 397. + In 1724 and 1726.
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eondefcended 20 be a candidate; and though bis Differ-
tation loft the reward, be appealed to thelearned wirld
by printing it.* He therein endequoured to efiablifp
M. Leibnitz’s opinion of the force of bodies in motion,
Jrom the effelts of their friking 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 demeon-
Srated ;f fo Mr. Robins publifbed in a journal, called
The prefent State of the Republic of Letters,{ an
unanfwerable confutation of M. Bernoulli’s perform
énce. .
It may indeed feem frange, that a mere tyro foould .
thus overcome fo redoubted a wveteran. Byt though
M. Bernoulli muf? be allowed to bave bad a confider-
able fhare of invention in pure mathematics 3 yet, when
. any phyfical caufe intervened, be feldom could avoid

Jalfe reafonings ; being deficient in that difiinZnefs of
conception, fo necellary for fecuring againfi error in
shefe more complex fubjelts, and which was poffeffed by
Mr. Robins in a fupreme degree. - -

Now the recommendations of bis friends, fupported .
" &y fuch authentic teftimonies of bis abilities, foon pro-
cured- him many fcholars ; amongf thefe, Jeveral were
of real genius, who at prefent make an eminent figure
in public affairs. ' o :

But it may be bere obferved, that about this time be
quitted the peculiar garb and profeffion of a quaker ;
Jor not baving the leaff tiniiure of obfiinacy, fuper-
Hition or enthufiafm in bis nature ; he foon got over the
prejudices of education, and bad an utter averfiontoalta
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. .

t Pilosophical Transations in 1722, Neo. 371..

1 For May 1728, '



viii Dr. WILSON’s
v all places, there bave been great numbers of learning, -«
JSagacity, and even bonefly too, who through the force of
early impreffions, and a certain caft of temper, bave
made moft palpable abfurdities the objeils of their faith.
Mpyr. Robins’s way of infirulting was generally fims-
lar to the courfe be had followed bimfelf ; but as be
only taught perfons fingly, gnd 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 Elements of Euclide, not as interpolated
"4y Campanus and Clavius, or anatomffed by Herigone
and Barrow, or depraved by Tacquet and Dechalles ;
but according to the original, handed down to us by an-
¥iquity ; 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 inconfifient with the
firittnefs of demonfiration, fo it contains many curious
particulars velating to geometry. And indeed the con-
trafted form into which Dr. Batrow bas reduced the
~Elements, may be of ufe for refrefbing the memory,
after the original bas been awell confidered ; the fame
judgment may be paffed on bis Archimedes, Apollo-
nius, and Theodofius. ' '
For want of fuch a beginning in bis fludies, many a
matbematician, who bas acquired no /mall fame, bas
been altogetber incapable of framing a fynthetic demon-
Sration, a; it ought to be, or even of readily comprchend-
ing one fo confiituted; bus would be apt, though it bad
all the perfeitions poffible, to imagine it tedsous and 0b-
Jeure, through bis not being acquasnted with the ge-
nuine expreffion of the true geometry, . Hence the writ-
ings of great pdrt of the moderns on mathematical
Jubjelts abound with inartificial computations. The
confideration of which led Mr. Robins often to repeat
a [aying of that elegant writer Joannes della Faille ;
Mathematica multi fciunt, mathefin pauci.*
: Amongft
# De Centro Grav. Circul. & Ellips. in the preface.

‘>



PREFACE. ix

Amongft Mr. Robins’s fcholars, fuch as went after-
wards to Cambridge, in order to qualify themfelves
for one. of the learned profeffions, were wont, as is
the cuftom of young men, frequently 1o enter into warm
- contefis with the difciples of Mr. Profeffor Saunderfon,
. that gentleman ufing there a very different method of,
infiruction.  And indeed I have met with ingenious
perfons, who, though they allowed Buclide’s Elements

20 be the perfedieft book of the kind ; yet did not think
it the moff proper introduttion for the generality of
Siudents, at leafp when ranged in claffes, the way of
teaching principally followed in univerfities ; but the
contrary of .this opinion appears to be true from the
conflant and very fuccefsful prafiice of the late famous
Myr. Maclaurin, whbo, { obferved with pleafure, al-
ways begun bis amdemzml courfes with the Elements
of Euclide.*

" And these Elements well deferve o be carefully con- -
Jidered, even by fuch as do not intend to devoie much -
of their time to mathematical fpeculations ; for they are
more ufeful, in order to acquire a babit of firie? reafon-
ing, than the moft laboured [yftems of logic ; that art.
owing in great meafure its original, and indeed being
beft fitted for making formal anfwers, to the childiph
and yidiculous conceits of thofe quibbling fophifts, whofe
impertinence Plato bas fo juftly expofed ; appears fo
far from being the moft natural means of diftovering
and judging of truth, that the great mafier 1' of the art
itfelf was a very bad reafoner. .

The two chief grounds of falfe reqﬁmmg are, ambi- "
guity in the ufe of words, and principles haftily taken
up ; Jearce any one ever offending againfi the rules of
mode and figure in [yllogifihs. But the fureft defence

- againft thefe two grounds of error, is exercifing the

mind in_fubjells, where a courfe of reafoning is follow- .
ed free from per plexityin the terms, and difintangled from
. uncertainty in the principles ; by which we thay gain a
babit

~ % See his Life before his Account of Sir Isaac Newton’s Phis
Jasophical Discoveries. + Aristotle.
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babit of difiinguifbing betwern perfeéf- reaj'aﬁiug and
whatever in different degrees takes only the appearance

i, .

Euclide in bis Elements bas the advantage of a_fub-
Jett, the fimplicity of which keeps it almofi neceffarily
Jree from any ambiguity of terms, and bis demonfirations
are condufied with the moft exprefs defign of reducing
the principles affumed to the feweft number, and mof
evident, that might be; and in a method the mofft na-
tural, ‘as st is the mofp conducive towards a juff and
compleat comprebenfion of the [ubjess, by beginning with
Juch particuiars, as are moft eafily conceived, and flow
mof! readily from the principles laid down, theuce by.
gradually proceeding to fuch as are more obfcure, and
require a longer cbatn of argument.

And this great regard toper/picuity, in the method
and form of reafoning, was o peculiarly the cbaralier-
. {fic of the moft ancient geometers, that Mr. Robins
chofe to initiate thofe under bis infiruétion in the Ele-
ments of conicks by Apollonius, in preference ta 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.
the moft profefl admirers of algebra. Even M. d’Al-
embert acknowledges,—il y a des cas ol Fufage de I
Analyfe (he means algebra) loin d’abréger les demon-
ftrations, les rendroit au contraire plus embaraffées.,
De ce nombre font, entr’autres plufieurs problémes
ou theoremes, ol il s'agit de comparer des angles.
entr’eux.* And Dr. Halley, though be bad formerly
beflowed the higheft encomiums: on algebra,t yet when
be became acquatnted with the geometrical analyfis,
gave this the preference, faying, Methodus hac cum
‘algebri fpeciosi facilitate contendit, evidentia vero et
demonftrationum clegantid eam longe fuperare videtur:
and afterwards be adds, Verum perpendendum eft,

' ‘ aliud,
* Encyclopédic, tom. I, p. 551.
t Philosophical Fransations, No, 205.
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aliud effe problema aliqualiter refolutum dare, quod
modis variis plerumque fieri poteft, aliud methoda
elegantiffiimi id ipfum efficere ; analyfi brevifimi
et fimul perfpicud, fynthefi concinni et minime
‘operosi. Hoc veteres praftitifie argumento eft
Apollonii liber, quem imprafentiarum tibi fiftimus.*
Ads to. the principles of algebra Mr. Robins ufed to
deliver fbort precepts of bis own, free from the intri-
cacies and mifconceptions, by which ihe generality of.
writers bad obfcured a matter in itfelf very plain and
-eafy to be comprebended., The interpreting the terms of
* affirmative and negative, which in reality expreffed
~only the relation of one quantity to another, as implying -
Jome abjolute 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-

- firmative and negative quantities in Dr. Saunderfon’s

- voluminpus Treatife of Algebra, p. §0 and 56. -

Mr. Robins explained the doiirine of fluxions, and
what is ufually fiyled the fublime geomstry, after a clear
and genuine manner ; not baving the leaff recourfe to
the abfurd notion of indtvifibles or infinitefimals, but as
it is delivered truly, though very briefly, by its great:
inventor in the introduttion to bis admirable treatife on
- quadratures. What a crude ideq tbe fame Dr. Saun--
derfon gave bis fecholars of thefe . fpeculations, before
My, Robins bad publifbed an explanation of them, ap-
pears from bis pofibumous piece, called The Method
of Fluxions, printed at London in 1756,

I /ball not proceed to. defcribe Mr. Robins’s way of
infirucling in the feveral branches of mixed mathema-
tics ; wheresf be was a moff perfeli mafier, and on
which be could deliver bimfelf with the utmofft clear-
nefs. 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 treatifes.

¥ Prefat. in'Apollon. de Se&ioné Rationis, Oxon. 1706.
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The modern authors, Mr. Robins chiefly valued,
were fuch as appraacbed the neareft in their manner of

writing to that of the ancients. Amangft thefe the
great Huygens flands in the firft place.. -But thofe who
bad the care of publifbing his poflbumons works, feem
2o bave been of a different opinson’; when they tell us,
they once bad thoughts of changing bis real demonfira-
tions into algebraical calculations !

Mr. Robins alfo bad the higheft efieem for Dr.
Barrow’s lefiures, and recommended them ufually to
bis fcholars ; for in thofe, that treat of the mathematics
in general, they would find amongst oiher excellent
things concerning the nature and principles of the [ci-
ence, a jufl defence of Euclide,'and a full explanation
of bis idea of proportionality ; and as the fubjel? is
bandled in a popular mannery fo the author, befides
Joewing much real learning, and exquifite choice in bis
authorities, bas not only fupported bis peculiar fenti-
‘menis with great fubtilty of reafon,” but alfo adorned
bis difcourfe by a mafculine and true eloquence.

- Inbis optical leflures they wonld fee the principles of
catoptricks and diopticks fet forth in the compleateft
manner. There the aliual interfeftions are determined,
which the rays of light, ifuing from any point of an ob-
Jeit after refleclion or refraclion, make with euch other,
as alfo the limits of thofe interfeiiions, and bow the
rays, tbe nearer they approach thofe limits, are more
- and more conflipated ; whence fuch limits are called the
JSociy as the line paffing through them all bas been fince’
named the caufiic,*  Next, the author finds the princi-
pal foci in different lens’s. Afterwards be treats in
general of the apparcnt magnitudes of objefts, and then
particularly affigns the images of plune furfaces. The
whole is intermixed with jmm al curious propofitions in
geometry,

* l‘hw Dr. Burrow dvtcrmmtd in circ}u orly; his successor
in circics and in other curves by meaps of the radius of curva-
_ture. Sece Barrow’s Optics, Leét-xiii. Art. 25, 26. Ncwton’s
“Optical Leétures, Part. 1. Seé. iv. Prop. 32, 33; and his T'rea-
tise of Serics and Fluxions, Prob, v. §. 70. P .
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geometry, and confirmed by moft accurate demonfivations; -
which bave been praifed as fuch by Sir 1faac Newton
bimfelf ;* who fuppofed bis auditors well acquainted
with thefe leGtures of bis predeceffor, inoider to under-.
Jand perfeitly the _/ublzme difcoveries, be was deliver-
ing to them. - 3

Dr. Barrow’s geometncal lefEures a% exhibit great.
marks of genius and invention, He there at the begin-
ning difcourfes bricfly, yet. clearly, about. motion and
time ; then fhews, from. curves being generated by mo-
tion, bow. are deduced feveral of their gemeral proper-
ties. - Next be determines the tangents and areas of
gurves ; inferting many curigus propofitions of. i ifferent
kindsy. as concerning the ‘tangents and fecants-of the cir-
cle, the conic fuperficies; &Tc. aud in bis laft lecture be.
Jbews, bow to determine the limits of: equamm, bztter
tban had been done before, or even fimce.... | . )
v Tam the more particular.in velation to the ‘warb qf
this great man, as. I think they are voo-little at prefent
regarded and 1 fhall farther frengtben mine and Mr:.
Robins’s tbougbts of ‘them by addmg, to §ir Haac.
Newton’s.. judgment of the optics above quoted, ths.
te/im;@ny of the - famous James.Gregory concerning.
both the optical and geometrical lectunes ; the Dosor’s.
wmatbematical leflures not heving been prmted in bis or
Mr. Gregory’s. life-time.... This excellent matbematb.
cian, though be bad wriiten profsundly on’ the wvery
Jame fubjeits ; yet in bis letters to his friend Mr. Col-
lins; thus candidly gives bis opinion. Mr. Barrow in
his optics fheweth 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
le@ures, efpecially becaufe I have fome notipns
upon that fame fubject by me. I intreat you to
{end them to me prcfently, as they come from the

: press,

) * —qum Dmertatwnes, quas hic non ita pndem audivistis,
tantl rerum opticarum varietate, novarum copid, et accuralzsn-
wmis carundem demonstrationibus fuerint composztnr ; New.
tor’s Lect, Optic. at the beginning.
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prefs, for I efteem the author more than you can
eafily lmagme *  And Myr. Gregory’s expeiiations
were not in the leaft difappoinied ; for baving received
thofe leBures, be writes Mr. Collins word, Barrovii
( Geometricas ) Le&iones fumma cum voluptate et at-
tentione perlegi; atque omnes qui unquam hifce dere-
busfcri pfcruntmﬁmto intervallo fupcnaﬂ'c comperio.}
I need not mention Mr. Robins’s epinion of Sir lfaac
Newton ; fince be bas bad occafion to declare it fo often
in the following trails.. And indeed Sir lfaac Newton’s
Jame feems at prefent 1o bave [urmounted all oppofition.
Tbe philefopbers of a neighbouring nation acknowledge
bis.merit. Though they bad for years quite overlooked
bis. book of sptics ; yet now they [peak of it in the
bxgbe:t terms. . And they bave at. length adopted at=
traflion’ under “the name. ﬁ)f upiverfal gravitation ;
which they bad -Iog reeited. a5 an orckls quality, on
account its canfe.ds not difeovered.  They might aswell
bave neglected the confideration of the laws of motion 4
becdyfe # is not kmown, why metion arifes from the cols
lifion of bodies ;. or the contemplation of the efedts of
Kight, as it bas not been found out, whether it is owing
to beams darsed. immediately from the luminous objec?,
or to impreffions mude on a furrounding medsum, -or 19
Jome more latent caufe. It is the bufine/s of the true
" philofopby to explore the moft fimple caufes, :and from
thesr combinations to account for the various pbenome-
na -in nature. - Bat all the objeiions that could be
raifed againft this lrue way of philofopbifing, Sir lfaac
Newton bad previonfly obviated im bis works. Of this
they feem at-laft to be femfible, frem baving confidered
toem more attentively ;|| and accordingly they are at-
tempting to make improvements on bis principles.!
Iam
* Dr.War s Lives 6T the Professors of Gresham-college, p.161."

+ Cemmercium Epistolicum, p. 95.

t Ouvrage vraiment digne de Padmiration de tous les siecles.
History of the Royal Academy of Sciences at Paris for 1752,
p- 134,

| ‘Memoirs of the Royal Academy of Arts and Sdenees at
Pans 1745, p. 329,
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I am vﬂy SJenfible the exaﬁmy} of my friend in
tedcbmg is lighted by fome profeffors ; they recommend-
ing Pardiés;, Sturmius, and otber fhallow authors, as
derter 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 Ibougbt a
Jmartering acquaintance with them.

Yhough feth empirical methods bave prevailedamongst
2he juperﬁnal and palf taught ; 1 wifb tbey may not be
conntenanced in our pudlic fchools. I bope that univer-
Sty, which bas bern fy renowned for the matbematics,
and all_forts of found literature, will ever difdain thefe

ot and imperfett ways of infirutlion in every kind of
knowledge ; and fbat the great examples of a Spenfer

and a Mllton of a Bacon and a Harvey, of a Barrow

snd a. Ncwron, with numberiefs others, will altays

Infpire its Pudents with the laudable ambision of fol-

lowiny thefe their predecelfors in the fame path to glory

and immortality. Not lefs ardent are my wifbes for

the profperity -of our other univerfity, whojé learned

Wembers bave fpread far its fame in all ages;. nok.

only in the times fince the revival of real frience ;' but

even when the weflern world lay covered under grofs

- ignorance, phere fbone out at Oxford from amidf that
shick clond of darknefs, bright geniufes, whyfe works
iw manufcript, as tefiimonies of their fingular merit,
are fill preferved -in tbe famous Bodleyan Library.
And furely the illiberal and mechanic method of teach-
ing thefe moft perfeis arts, will never gain ground: in
a fear of learning, whofe profeffors, as a caution againft
this imnovation, bave already obliged the lovers of
thefe [eiences with editions of Euclide and Apollonius, .
¢f Theodofius and Menelaus. As that ufeful under-
taking was begun by the encouragement of the excellent
" Dean Aldrich ;* /o it is to be boped, the prefent wor-
fby governors qf tbis univerfity may procure the pub-
lifbing

* This leamed person, in hns Artis logice Compendium, de-

- fended Euclide from the ob;eéhons contained in a logic called
U Art de Penser
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lifbing the reft of the ancient mathematicians. 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 I cannot belp declaring the fatisfailion,
Myr. Robins always expreffed on obferving the progre/s
. @ true tafte for real geometry made in Scotland.  The
matbemalical fciences bave indeed been well cultivated
by that learned nation. To a Scotchman, the Lord
Napier, we are bebolden not only for the admirable in-
wention of logarithms,* and their application to iri-
gongmetry; but alfo for other very valuable improve-
wents 'be bas made in that maft ufeful art, and proba-
bly bisill flate of bealth bindered bis making farther
difcoveries. The incomparable James Gregory was
likewife of that couniry, whofe rifing merit feems to
bave given umbrage ¢ven to the great Huygens ;+ and
whefe immature death was an irreparable lofs to the
mathematical world ; for which lofs I bave been ins
formed, Sir lfaac Newton yfed always to foew very
Jenfible tokens of grief, whenever Mr. Gregory’s name
bappened to be mentioned to bim.
In the manner above recommended, were my friend's
younger days employed in promoting the knowledge
, L | of

* 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 exccution, though Dr, Saundcrson, in his
confused account of logarithms published in his Algebra, §. 392,
has subscribed to the mistake, first propagated by Mr. Wingate
and -eommonly prevailing, that Mr. Briggs contrived his form ;
notwithstanding Mr. Briggs. himself says expressly in the pre-
face to his Arvithmetica Logurithmica, that the form of loga-
rithms, he computed, was communicated to him by the most
noble inventor. ' '

+ 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 Exer-
" citationes Geometrice. . What was said in that traé seems to
have silenced M. Huygéns,
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of thefe [ciences ; whofe aid is in_fome meafure required
Jor eftablifbing cven the fir}t foundations of civil focsety s
as the property of each individual of the community muji‘
be afiertained in number, meafure and weight. . . . .

 Befides thefe  [ciences bave great(y contributedto thofe
arts, whereby the enjoyments of buman U fe are remlm- ,
ed more elegant and refined. -

The [ymmetry neceffary to be o&_/'erwd wbélber-\
rearing edifices for defence as well as ormament;’ or in
delmeatmg the forms of vifible objeiis, ts altagrtbtr
owing to thefe fcicences.

Nay, by thefe the very elements; whereby we fdf ﬁ,
are many other ways rendered capable.of fupplying our
wants, and adminifiering to our pleafure: ~Under them;
even mufic is ranked ; as its various tones. arife.from:
the different vibrations made in the air, by the regalar
propertions of which, concords.are diftinguifbed from -
difcordant founds. The ixfiuence: of -thixart: an “the..

. buman ‘mind, thereby - polifhing mankindy-bas been..at.

all times celébrated ; “and it bas been prackifed by -the.
greateft beroes of antiquity, botb facred -and profane ;
and the oldeft [yftem of gavernment and religion, twoé.
know of, adopted it in the 'wor/btp patd to the Suprtme
Bein

Tge ﬁrmament expanded on all fides overéar beads,
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 feiences, by affiduous-and care-
Jul obfervations, bave enabled us to Jesile the motionsy
- and to account for and preditt the various appearances.
of the objelts, we there defery.  Hence we' detetmine
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 Jfome:

manner, familiar, not only with our contemporary fel-. - '

low inbabitants in far diftant climes; but alfo with
thofe who exifled in ages long fince pqﬂ Thus the
b " human
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"buman mind is kept clear of many extravagant and
buriful prejudices, which it would be too apt to im-
bibe; om onr baving only a feanty acquasntance with
our own fpecies. 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 thefe once alarming pbenomena.

Again, from very trivial obfervations, by belp of
the matbematics, bave been drawn moft wonderful con-
clyfions. '

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

The broken appearance of an oar 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 faculty ; as alfo
the [urprifing properties of light, whereby objeiis are
prefented to us in fuch a beautiful wariety 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 attrafied by the earth (for they
fall o0 it on every fide) bas been difcovered the law of
that power, to which all portions of matier, wherever

" placed, do fubmit ; and bow thence the celeftial bodies’
- are kept in thesr order, and perform through the bound-
lefs fpace their refpeliive courfes. Hence the frullure
of the univerfe offered to us i this view, wberein we
bave learnt, that its different parts, even the moft re-
mote, are all governed [fo completely by one and the
Jame fimple principle; muft infpire a juft and awful idea
of its mqft powerful, wife and beneficent autbor ; a;};l

‘ : - bani

Ciceron. Academ. L. iv. §. 7, 25.

~.
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. banifb from our minds every unworthy conception of
him, that fuperfition and enthufiafm may Juggep.
Beﬁde: thefe apparent advantages, accruing to man-
kind from cultivating the mathematical fciences, the
many fleps of pure reafoning, ithat are gone through in
the progrefs of kmowledge, from the moft obvious af-
Jections of magnitude, to the admirable properties that
are now difcovered, fince “thefe [cicnces bave been fo
bappily applied to the fudy of nature, muf afford an
_ exquifite pleafure to a mind duly adapted for fuch re-
JSearches. And perbaps in thefe mental fatisfaitions is
20 be found our fupreme felicity. But as we are of d; if-
Serent tempers, fo that what delights one, appears in~
JSipid fa anotber, it is too frequent a failing, even
amongst peyfons of true learning and genius, to over-
rate their own purfuits, and contemn thofe of others.*
But it is the bufine[s of experience and reflexion. to
wean us of thefe unreafmable prepoffeffions, whereby
. we may become move cautious in paffing too rafp a
Judgment on fubjelts generally allowed to be ufeful, and
which we flight, chiefly becaufe we have not maturely
canfidered tbem, or perbaps have 'wanted talents 10
make fuch inquiries.
It bas indeed been frequent at all times, even for
writers not defpifing any branch of learning, yet in
. praifing the ari in which they excelled, to undervalue
i _fome meafure that of others. Thus long ago, though ..
Cicero in many places 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 profeffion, by [bewing bow few had attained ver-
Jeition in it, bas thefe words : Quis ignorat, ii,"qui
- mathematici vocantur, quania in obscuutate re-
rum et quam reconditain arte, et multiplici, sub-
tilique versentur?- quo tamen in genere ita multi
perfecti homines exstiterunt, ut nemo felé studmsse
b 2 61
- * Eodem modo de Aristotele et Isocrate _ludnco quorum ‘uter-
que suo studio delettatus 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 his 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 comparifoys, to dfjtmguzjb 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 : tbaugb
it may not be difficult to underfrand trigonometry, 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 underflood not to entertain a due cfieem 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
matbematics. Thus Joscph Scaliger, when conviéled
by Clavius of the grofs parallog; ifms, be had committed
in attempling 10 [quare the circle, not only abufed bis
monitor, but bis vanity rendered bim ridiculous gnough
as to affert preclarum ingenium non potest esse
.. magnus mathematicus ;t “and on a like account this
© Jelf-Jufficient critic, ‘Jlyled our all accamplifped Sir
Henry Savile, un certain argueilleux sot.]  But
that learned kmgbt who bad been thoroughly acquaint-
ed a‘ Paris with Scaliger’s failings in point of reafon-
ing Pafterwurds gave ‘bis real c/oaraé?er in bis Pre-
leftions on Euciide.§
From the above weaknefles of mind Mr. Robins
ﬁemed to be exempt by nature ; baving been endurz
wit

* Prefaccto a como.dy c.dlod Le Cqﬂl ou ! Lcossaisc, 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 mpaaty Sitted for wery di ﬂ':rent Jpeculations.
Hence, though be profeffed teaching the mathematics
onlyy be would however Jometimes affifl particular
JSriends 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 cxcellencies in the
performances of great artifis, as bis tafle and judg-

" ment were not limited to a fingle [fubjelt alone, but ex-
tended equally to biffery, oratory, peetry, mufic, archi-
tefture, [culpture, painting, and works of genius and
invention in every kind. ,

Notwithftanding be was thus fraught with 'varzet_y
of knowledge, be never made any oftentatious ufe of it;
bis converfation being always lively and-entertaining,
generally on gay and joyous fubjelts, without the .
leaft mixture of pedantry or affeitation of any fort.
However, when a proper occafion, prefented, - be
could explain himfelf on the mofi abfirufe points with
great clearnefs and firength, both of reafon and ex-
prgﬂ' on.

*But the confinement in bis profe ﬁ' ion not fuiting with
bu attive difpofition, be gradually declined it, and
went into. other courfes of life, that rcquired more
exercife ; for which be was fitly adapted, as being of
a middle flature, well made, and not. corpulent.
Hence be tried many laborjous experiments in gunnery ;
believing the refiftance of #he Xir bad a much greater
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 ipvention ; as the confirulting

- of mills, the buzla’mg of dridges, draining of fens, rex-
dering rivers navigable, and meking of barbours. In:
which inquiries be received confiderable advantages
from 4 very early acquaintgnce witb William Ocken-

den, Efq. who baving a peculiar genius for fuch

Jpeculations, and a moft intimate friendfbip always fub-
Jfifting 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 perfelting bimfelf by the view-
of the principal firong places of Flanders, in fome
' journeys be made abroad with perfons of diftinfion and
Sortune. -~
On bis return bome from one of thefe excurfions, be
Jound the learned bere amyfed with a treatife, written
exprefsly againft the mathematicians, intituled The
Analyst. This was the produltion of Dr. Berkley,.
bifbop of Cloyne ; who bad been. long famous for vain
and metaphyfical paradoxes ; and. bis objettions to Sir
JYsaac Newton arofe chiefly from bis not underfianding
the writings of that great man,
- Mpr. Robins therefore was advifed to clear up this
affair, by giving a full and diftini? account of Sir Isaac
Newton’s doétrines, in fuch a manner, as to obviate
all the objeftions, without naming .them, that bad
been advanced by the author of the Analyst; fo that
there need mo recourfe be bad to the bifbop’s book
to underfland the [ubjeit, and alfo that be bimfelf,
if poffible, might fee the weaknefs. of what he bad,
with fuch an’ air of affurance, urged. Accordingly
Mr. Robins printed, in ¥735, A Discourse con-
cerning the Nature an® Certainty of Sir Jaar
Newtor's Methods & Fluxions, and of prime
- and ultimate, Ratios.
This fmall trac? is admirqble, on account of its clear-
nefs, brevity, and fliingth of expreffion.
- Towards the illuftrating the nature of fluxions, it is
there at the beginning obferved, that as the fluxion of a
line is the velocity or degree of [fwiftnefs of a point
defcribing iw its motion that line; fo the fluxions of
Surfaces and folids may be expreffed by the velocities of
pomis defcribing lines, that increafe proportionally
vith thofe quantities, S

Next - -
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 Next the fundamental properm: of, ﬂuxmm are

demonfirated after the manner of the ancients, in the

moft rigid form ; and it is fbewn bow to apply them

10 the determining the tangents and areas of curves.

Then is given a full and clear account of the feveral -
orders of fluxsons, or the variations in the velocities

of increafing and decreafi ing ; and the ufe of fecond

Sfluxions is illufirated in the invefligating from a mew

confideration the curvature of curves. As bere, in

demonfirating the fluxion of a power, Sir Isaac New-

ton’s Binomial Theorem is introduced ; fo in the
Present State of the Republic of Letters, Jor Oc-

tober 1735, there is publifbed a demn/}ranm of it

independent on that theorem.

Afier follows a very diftin@ relation of Sir Isaac
Newton’s method of prime and wltimate ratios, and
bow it -may be applied to the purpofes, for which it
had been foewn fluxions might be wfed ; and there is

- given another new way of determining the curvature
of curves. Here is fully made out the comnexion be=
tween this method, and that of the ancient geometers,
called exbaufiions ; fo that it may be of no fmall fer-
vice 10 young matbematicians, for their more. ready
perceiving the force of the demonfirations in tbe
Principia.

The lafpt part illufirates Sir aac Newton’s way

- of computing the fluxions of quantities ; concluding with -
an explanation of what be bad delivered concerning

" their Momenta. ' And this particular is Rill farther
profecuted in the abovementioned journal. -

NotwithRanding this traft was written with the
greateft per/picuily, campletdy explaining the genuine
JSenfe of Sir Isaac Newton’s doiZrines; yet there were

 found fome, who were not fatisfied - with *wbﬂt Mr.
-Robins bad publifbed. .

And this was the lgfs to be -wamiered at, fince many
of our mathematicians baving firft learnt 1o apply the
computations of this method; to geometrical figures,

from the Marqtm de I'Hopitgl's Analyse ‘des infi- .

b 4 niment
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niment petits, they were infenfibly infected with the .
: prmnple: of infinites followed in that book.

One amongst thefe, who under the name of Philale-
thes Cantabrigiensis, bad on this- wrong foundation
- undertaken the defence of the matbemticians againft
" the author of the Analyst, continued to maintain bis
miftaken reprefentation.  This induced my friend to
write two or three additional difcourfes ; which, as
they may polfibly contribute to the eafier apprebending
Sir Isagc Newton’s genuine meaning, I bave here
reprinted.  Tle. fubfequent peevifb and ungentleman-
like fbifts, Philalethes condefcended to, rather than
anquigfce in Mr. Robins’s fuperior knowledge, I
would gladly bave paffed over in filence ; had not 1
found M. Robins bighly blamed by M. de Button,
in the Preface to. a Yrench tranflation of Sir Isaac
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 other tbmg.s in an Apendix to the following
tralls.

In 1738 be defended §ir Isaac Newton againfi an
ob_;efhon, contained in a note at the end of a traft in
Latin, called Matho sive Cosmotheoria puerilis,
written by one Mr. Baxtcx, who bad before publifoed
no fmall volume concernmg the /oul ! But what ought
we 10 think of this man’s capacily for reafoning, who

~could not fee bis, error in a mathematical [uljeft,
tbaugb it bad been fo plainly fhewn bim ; as we learn
by an enlarged edition “he afterwar ds made of bis
Matho in English, that be fill 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 have manifefted their
deﬁamzy in rea/omng At is true, the greatef} genius
may through inattention fall mto parallogifms, even in

geometry.

<
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geometry. - - But bere lies the difference. The one on
the leaft bint given of fuch a Jlip, readily of bimfelf
rectifies it ; but the otber, if you offer to fet him right,
only ﬂounders on in bis errors, being not able to com-
prebend the force of your objeftions, bowever clearly .
urged; nor at length even bis own’ meaning, baving
never bad a juff idea. qf the [ubjelt. be unaduﬁ’d{y'
undertook.

My. 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 Trinity-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 fhew the errors ma- -
thematicians are liable to, by implicitly adbermg to
their algebraical calculations. The latter pars.is writ-
ten after a Jree manner ; for which the author in bis

- preface bas given bis reafons This alfo, as well as
the di /comﬁ on_fluxions, occafioned on the fide of
Dr. Jurin a controverfy, which might have prov-
ed of lomg duration.; bad it not- been. cur. fbort
*4y Mr. Robins beuzg then called to a pu&lzc em=
Ployment.

As all the tratls, 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 perfeltly only by -
Juch as were not unacquainted with the wrilings of
the ancient geometers. But in foine anomymous pieces,
be publifbed on more popular fubjells, greater numbers

were fenfible of the force ¢f bis reafoning, the juftnefs
‘of bis defcriptions, the beauty of lm expreffions, and
the barmony of bis pericds.

In the year 1739 there came out threc pampblet:,
rwhich acquired bim great reputation, though they were

. written very haftily ; as the Incidents, that occafioned
them, were fudden and urgent. _
: Tbe -
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Tbe firt was intituled, Observations on the pre-
sent Convention with -Spain. Here the fpecious
verl, with which fome bad endeavoured to cover the

meanncfs of this tranfallion, was entirely removed ; .

and all the invincible arguments againft it fet in the
Sirongeft light, which very arguments were afterwards
made ufe of, when it became matter of debate n
‘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 compofed indeed on a lefs momentous affair,
" yet contained in it furprifing firokes of true oratory.

The third was written on the following occafion.

- Many eminent patriots, as they were then flyled, upon

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

the feceders at -length returned as ufual to their feats.

in the boufe. This defection being by many deemed rafbs,
Mr. Robins was requefted to write an apology for it:
The pampblet be compofed was delivered to a principal
_ perfon_concerned, in order to be tranfcribed, and the
original de/lrayed the better to conceal the real writer ;
whofe condition in lyfe might not be able to 0 Jecure bim
Srom the refentment, the freedoms taken in it might

provoke. After fome alterations, to foflen 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-
tain, occasioned - by the late Secession. In which
is contained a particular Account of all our Ne-
ociations with Spasn, and their treatment of us
gor above ten Years past,

. This
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“This trafl, though by the abovementioned alterations
in a manner disfigured, was univerfally efleemed, and
for fome time, as well as the Observation$ on the
Convention, generally reputed to bave been the pro- -
duction of that great man bimfelf, who was at the bead
of the oppofition to Sir Robert Walpole ;- but it proved

of fuch confequence to Mr. Robins, that it occafioned -
* bim to be employed in a very honourable poff.  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 committce of

the Houfe of Commons being appointed to examine into .
© bis lordpip’s paft condui?, Mr. Robins was chofen
. their fecretary. :

And bere be exbibited conftant proofs of bis fitnefs for
this important ftation, in taking down very readily and
perfeitly the examinations made before the commitiee ;
which was no eafy task, as the perfons examined were
well-werfed in fecret tranfaitions, and greatly intereft-
edy that the real truth fhould not be come at. After
the committee had prefented two reports of their pro-
ceedings, a fydden flop was put to their farther pro-
. grefs by a compromife between the contending parties ;
and moff concerned were gratified, either with bonours
or places, except the fecretary; which fome attributed
to bis baving been too fincere in the affair. Howewver,
in 1742 the fecond report clandefiinely came abread, -
and was much admired.

" Thus Mr. Robins being ggain at leifyre, printed
the fame year a_fmall treatife, intituled New Principles
of Gunnery, containing the refult of many experi-
ments be bad made, ~whereby. is difcovered the force of
gunpowder, -and the differtnce in the refifiing power of
the air to fwift and flow motions ; whence it plainly
appeared, that the oppofition of that medism. to bullets
and fbells, fbot from cannon and.mortars, far cxceeded
awbat was generally imagined ; and-that the-track de-
Jeribed in toeir myotion differsd from that of a paraboli-

‘ ' ' cal
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cal line, to a degree undifcovered by any who bad wyit-
ten expreffly on the fubjei, from the days of the famous
Gautleo; 2o the prefent time.

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

ed,* was very fenfible of the effells of this refiffance ;
and bas propofed bow to affign in- particular cafes a
curve of a different [pecies from the parabola, as more
anfwerable to the projectile’s motion.t Nor was this
great man wholly unapprifed of the increafe of refife-
ance, both from ibe 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 fore part than ox
the binder.} ’

The tratt of Mr. Robins was preceded by an ac-
count of the progrefs modern fortification bad made from
its firf} rife; as alfo of the invention of gunpowder,
and of what bad already been performed in the theory
of gunnery. ‘

Tbis was well received by the public, and, it
was thoaght would bave procured the author prefer-
went ; if be never bad been fecretary to the fecret
committee. : : o

Upor a difceurfe containing certain experiments being
publifbed in No. 465 .of the Philosophical Trans-

actions,

* Preface, p. 51. .

+ Princip. Lib. II. Prop. x.

1 Ibid. Prop. xl. in the Schol. in the Remarks on Experim.
12. Amongst Mr. Robins’s memoranduims is the folowing pas.
sage, which seems as intended to have been inserted into a prev
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 spcaking of some conjetures he bad made on the separa. .
¢¢ sion of the colours by. the prism, he adds,”—~1 remembdercd.
that I had often secn a teanis ball, struck with an oblique racket,
describe a curve line.  For a circular as wgll as a progressive
motion being communicated to it by that stroke, 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 excite a
reluélancy and re-action of the air proportionably greater. Phi<
losophical Transactions, No. 80. p. 3078.. Feb. 1671-2.
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actions, i» order to invalidate fome particular opzmam
Mr. Robins bad advanced ; be thought proper, in an
account be gave of bis book in the fame Trar_r[aﬁzom,
No. 469, to take notice of thofe experiments.  Andin
confequence of this, feveral differtations of bis, on the
refifiance of the asr, were read, and the experiments
exbibited before the Royal Socicty in the years 1746
and 1747 ; for which be was pvg[ented with a gold
medal. ,

On tbat occafion. Mr. Folkes the prg/‘ dent addre[ed
the Society :md My. Robms, as follows.

N

GENTLEMEN, o

- The curjous_ard viluable e\cpenmente which
have lately been ‘madé before you, by our very
worthy btother of the Socuty, Mr. Benjamin
" Robins, concernmo the resistaiice 'given by the
air to bodies il ‘motion ; particularly, to mﬂl;axy
projectiles, and such ‘others.as, are made’ to pass
through that medium with great velocities ; could
not escape the attention 0% my honomed prede-
- cessor, your late president, Sir Hans Skoane: who
in his present retirement:from busmess, still ap-

'phes himself w1,th unwearied dllmrence to-all smts o

of learned and hllosophu.al enqumcs o
He has still the same concern for the pxospenty
and for the honour of ‘this body: and the know-
ledge and information he daily receives of every
thmtr remarkable that passes amongst us, or that
is commumcated to us from thhour‘ aftmds him no
“less satisfaction, than when the welo'ht 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 meetings, during so lonO' a period
of time, and through the several offices he has
‘held in the Society. :
- As
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“As I say the before mentioned experiments could .

not escape his mnotice, 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 me

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 Tor7icelli, 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 to 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, Isay, 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. Pauits

o E church :’

o

al, .upon which, according to their order, I. "
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~ church: but he mever had the op;;(,)rtunity_ 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, that in large shot of metal, whose weight
many thousand times surpasses that of the air,
and whose force is very great, in proportion to
the surface wherewith they press thereon, this
opposition is scarce discernable, and as such
may, in all computations, concerning the ranges
of great and weighty bombs, be very safely neg-
lected. , . < '
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 rcasonings
concerning these matters: particularly, as they
in so remarkable a manner curtail and diminish the

. great ranges of all sorts of cannon and mortar-.
 pleces. :

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, tp one and the same body, when put into

“motion with. the same velocity, and when present-

. ‘ ' ing
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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 entirely unconsidered,
of bullets and other projectiles from ‘the veltrlca'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 axis: and asa confirmation of his theory,
he has in many cases been able either to prevent
this. deflexion, or to direct it ‘such way as he
thought proper.

The last particular I shall here take notice of, is

a most extraordinary, and astonishing increase of
the resistance, and which setms 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. This increase
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 faxthel, that the case wherein this in-
crease of resistance becomces observable, is thaty
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; whercby it becomes exposed to the

_ whole mmtancc the body of air beforc it is ca-
pable of giving.

_ Should I but barely enumerate all the paltlcu- :
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
m.collecting also so many others from . elsewhere ;
all ‘which . he has - deduced such ‘cGomputations,
from, . a$ ‘might enable -him to compare the. same
with, . and heieby to:confirm and -ascertain ‘his
theories. : A

e
on

J\ LS N
Mr. -RoBiINs,

It is- now,: Sir,» with the -greatest satisfaction -
that T 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 theil .
name, that I put into your hand: this ‘faithful
token of their regard: in'which you will not at-
tend to.the.smallnessof the gift, but dbnsider it
as it:comes fram a Society, -neither abounding in
sums of silver ot -gold, 1ot pursuing or covetmg
wotldly riches, but the improvement only of phi~ -
losophical .knewledge. .- You will. please therefore
in such alight to accept. this medal, and in some
sort. to\.compare it to' those crowns,: that were

. given to eminent persons, .in thé¢ first dges of sims.
plicity of the ancient Greeks; and.which: al-
though only wreaths of olive, or evémgarlands of.
grass, were nat 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 5
Jo the traét ke bad publifhed on thofe fubjeils bdtd
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bim mnch bonour abroad ; for the famoxs M. Euler
tranflated it into High Dutch; accompanying this

Small piece with an immenfe. commentary ® and beftow-
ing praifes on it, yet not without astempting to difcover
errors, This was printed at Berlin in 1745, and
Mr. Robins foon after ixformed me, that M. Euler's

principal objellions arofe from miftakes ; the fource of
which baving found out, be intended to publifh. av .an-

Jwer ; but fram that time continual interruptions pre=
wented bim. o

It bas alfo been tramflated into French 4y M. Le

Roy ;T and it is eften mentioned with applaufe in the

Literary Journals of Europe.] Tbe anthors of one of
them in giving an account of M. Du Hamel’s experi-

ments on the ;fame) fubfed?, ddd---il nous expose &
cette occasion. quélques-expericnces trés-curieuses
faites par d’autresi physicicns particuliérement par
M. Robins, que I’ Angleterre comptoit ay nombre:
de ses plus gran géometres, -mais que la mort lui
enleva-ﬁyia'-déja 2uelques annéesf - .

- The reputation, be juPly acyuived by shis perform-
' auce, made, 5. foreign -profeflor of the matbematics,
wben in London, paybim.a:vifit ) and bis¢ficem for:
Mr. Robine was by thay interview greatly improvedy:
snfomuch’ thot on bis retars. bome, bt commended Mr.
Robins fo effeually to thelate prince of Orapge, that
be was invited over 1o affift in.the defence of Berghen<
op-Zoom, then invsfied by the French; and: be did
accordingly fet out for that place ; but it was entered.
By the befiegers, September 16, 1747, juft after bis
‘arrsval in the Dutch army. .- L
.o . As

* This célebrated work has lately been translated into Enge.
- . lish, by order of the Board of Ordnance, with many necessary
- Remarks and useful Tables, by Mr. Hugh Brown of the Tower,
. published in one volume, in quarto, -
‘. + Memoir. de A cademie de Sciences & Paris, for 1751, p.45.
. * 1 Journal des Scavans, Mai 1743. Nov. A@ta Erudit. Maii
1746. Mem. de YAcad. des Scicnces ‘3 ‘Paris, 1750, p. 1.
Mem. des Sciences & Beltes Lettres 4 Berlin, ann, 1765, p. 204,
Il Journal des Sgavans, Jan, 1755,
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- As Myr. Robins bad at this time no opporlumr_y o
foewing bis fkill in military affairs ; fo fome years be>
JSore be was difappointed_in bis bopes' of fervitg thar -
way bis own country. For in 1741, Lord Cathcart
was to go on a fecret expedition,- which was. gemrat‘& '
believed to be intended againf the Havanna.: ~And
Mr. Robins having bad a manufeript plan of it, Jratm
upon the [pot with great exalindfs,: Piven to bim by fome
of bis friends, immediately applied bimfelf to confiders
bow the ﬁege of this city, now delincated before bim,
might beft be attempted ; and by great pains-ininguirs
.ing of numberle(s perfons, who'bad: bégn thers, got fith -
information, as enabled bim to wrire @ wvery: acthrdﬂz '
Jebeme for the congueft of that ivsporiamst fortve/s ;3%
which fbeme, after baving . deferibed the circumjaiidy
conntryy and pointed out the pﬂpenyi Dlace; where the
troops might Yand, be then fes ‘doton & very particular
account, i ‘what manner they ought to procéed, flép By
Sep, through all their atsacks, firfi-dgamyl thé Moormﬁf!,
and then againfl the body of yhe towtm ifelf. '
This ftbeme, together with the many/cript Plan ﬂtj}
mentioned, Mr. Robins prefented Yo Lotd Cathcart;,
wot without bopes, that bis Londfbip world thereby h
indsced to allot bima fbare in the brécusion of ai en-
terprize, be bad fo fully marked ont, as baxdly ¥
omit a fingle cireumfiasice, that fréod tn netd of expla~
nation :but bis expestations were Yorally difappointed ;
Jor notwithfanding the prly’ext wak received with greet
readinefs, and many encombums' befloied upiw dbe- covr:
pleatnefs of the petformance, yet bis Lordfbip <iidg
quite ,éent with regard to ensaging bis- pérfisal i<
ance. . Many people then fudged this coldr:% #o pro-,
ceed. frm Mr, Robins bavig been aiinchid. # Wb
. wrong fide of polstical party; but time foon d fco'venf:}
. Carthagena, and not”the Havenna, to 4¢ the greai :
© okjel? of that unfuccefs ful expedition.
" Some years aftér ihis dj ifappointment, Mr. Robins
bad tbe good fortune to be engaged in a work, that
proved of more -confequence to bxm, than all be bad :
+ bitherto wrilten. : :
c2 - I
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v Jp-174t, Mr. Anson; (now Lord Anson, and af
the bead- of ibe Admiralty, when our fleets carry.terrér.
wherevey they appear,). as commodore ii the Centurion
man-of war, accompanied with other [bips, began his
woyage round the world, which though by difaflers bad
ugt all the fuccefs that might bave been reafonably exa
pefied, yet under this.great commander were produced
wiany brove and fRilfud officers, who at prefent do fo
puych bonour to the British navy.  Qf this voyage the
publick.bad far fome time beep in expeliation of feeing
awhccount compofed under. bisLoydfbip’s own infpec-
* dom - For thisputpefe. the reverend Mr. Richard
Walter'\wuas. emplsyed; -as bating been chaplain aboard
the. Centution for- the grealefl part of the expedition,
Mr. Walter bad. accordingly almoft finifbed bis task;
buving. browght. it down to . bis. own . departure from
Maguo for England;: swbern be. propofed to print bis
awork \by Jukfcription., Then Mr. Robins being recom-
mended as a proper. pevfen for reviewing it ; on éxamie_
nation (notwithflanding the fbortuefs of be lime; that.
could be allowed, for fuch an undertaking) it was re-
folved, that the whole fbould be written.entirely by Mrs
Robins ;. what Me\Walter bad done,-being, as Mr.
Robins inforgred mes-almep all-.raken verbatim from
the Journuls, was .40 ferve as.materials only, And
upon & firict, perufal - of both. the performances, I find
Mr. Rabing’s 2o contein about as much matier. again -
~ @s that of Mr. Walter : and -indecd. the introduilion
entire, with many differtations in the body of the book,
were compefed 4. Mr. Robins, without having re-
ceived the leuft bint from Mr. Walter's manufcript 5
and wbhat be had thence iranfcribed regarded chiefly
the wind and the weather, the currents, courfes, bear-
ings, diflances, offings, [foundings, moorings, and -the -
qualities of the ground they anchered om, with fuch
particulars as generally fill up a failor’s account. Sa
tbis famous voyage was compofed, in the perfon of the
Centurion’s chaplain, by Mr. Robins, in bis own
Pyle andmanner.  Of this Mr. Robins’s friends, Mr.
i 1 ' Glove
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Glover and Mr. Ockenden, are witncffes as well as.
myfelf, we baving compared the printed book wzlb M >
WValtel s manufcript, :
And this was at that time no fecret ;. for-in. 1be coun- .
terpart of an Indenture, row lying before me, made:
betweex Benjamin Robins, Efg. and John and. Pawk
Knapton, bookfellers, - I find, "that thofe. bookfellers,
purchafed the topy of this book from Mr. Rabingias.
the fole proprietor, with no other. mention of Mr.,
Walter, than. a provifo in relation tu. the _/aéfrrzpths.
be bad taken. ;.. . :
Thus:as many of Mr. Robmss fmaller pxere.r came :
abroad without a wame ; fo this: larger wvolume. wah. )
printed in the year 1748, undér that of anotber. Bt
though Mr. Walter's appears in-the frontifpiece.; yet:
Myr. Robins was fo well underftood bere to be. ibe
Principal author, that be was univerfally congratulated
on its fuccefs. And indeed no produciion of this kind
ever met with a more favourable reception from the
public ; four large editions were fold of in lefs than
& twelvemouth ; and it bas been tranflated into moft of
the languages.of Europe; and it fill fupports its re-
putation, it being this year, 1761, printed bere for the
ninth time.*
" Though' the beauty Bf theworiginal cannot be fully
perceived by a foreigner, yetthe Journals abroad bave
- fpoken of it with great applaufe. The authors of ane
of themt declare—aussi cn—oyons nous avec lui que
son ouvrage est. trés-swperieur. & tous ceux qui ont
paru dans ce gente ; ¥nd on mentioning the fufferings
of the mariners im ane part of the.navigation, they Jay,
La peinture de ces divers accidens est si forte & sk -
-vive, qu’elle poste Peffroi-& la commxseratlon dans
l’ame ‘des lectures. - And M. d’Alembert, in Fiz
Disquisition on the figure of the earth, recounting the

'voyages tbat had been made roand i, /b_y.v. En der-
c3 ~ miere

* The fifth edition at London in 1749 was revised and cor-
rééted by Mr. Robins himself.. . .
+ Journal des Sgavans Janv. 1750.
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niere lieu ce voyage a ¢té fait par ’amiral Anson,
dont on a imprimé la relation si interessante et, si
curieuse.* _

We are alfo tldt that in a treatife publifbed at
Paris in 1756, intituled listoire des Navigation
aux Terres Australes, there are extrafis from it ; and
accordingly the autbors of 1be Memoires des Trevoux]
8. their account of that Collection, after baving duly
commended two famous wvoyages§ to thofe parts, add,
that in thems—an ne sent pas cette chaleur d’ima-
ination, cette vivacité de style, qui caracterisent
Phistoire de ’expedition dont se chargea l'amiral
Anson en 1741.—Richard Walter, chapelain 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 'esqéranees, et qui
aii Détroit de la Maire, et méme 2 l'entrée de la
Met Pacifique, voit la fortune dont elle se repais-
soit s’evanouir dans le scin des plus affreux de-
sastres.~—T'out ce que T'un et P'autre élément pcu-.
vent offrir de. plus riant et de plus effrayant, se

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

ablement ses curieuses observations sur la géo-
graphie la physique et la navigation. N
bave chofe to fet dowwm rather thefe foreign tefii

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

than to enlarge myfelf in s commendation ; fince the
inviolable friendfbip, that is well knotwn to bave [ub-
Sifted above twenty years between us, may be thought
2o influcnce my opinsom. "

Mr. Robins, thus becoming famous for bis ability
in writing, was requefted 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.
§ Those of Mess. Frazier and Losier-Bouvet.
1| This is intitaled, The R:lport of the Proceedings and Opia
nion of the Board of General Ufficers on their Bxamination 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 tbe Highland armies
are deferibed, the piflure of the country dréwn, and
" the advantages and difadvantages of ground pointed

out, with fuch force and perfpicuity, that I bave beard =

2ood judges fay, they looked onit, 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 [ubjects,
whether grave or of a joyous mature: fo that bis
§mmature death bas deprived us of many excellent
works, be might bave vtberwife publybed of very difs
Jferent kinds. o N
Henceforward My. Robins bad vpportunities of
making fartber experiments in gunnery, by the favour
of Lord Anson ; the refuit of fome of them is declared
in the Difcogrfes, 1 bere pablifp from the author’s
papers. - _ o
 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
6 fecond mural gxadrant, and other infiruments, where- .
by this obfervatory is become perbaps the compleateft of .
any in the world. The new mural quadrant, which
was at firft defigned for obferving towards the north, be-
ng Rill of more exqaifite workmanfbip than the former,
85 accommodated for obfervations towards the fouth,
“ This obfervatory foen became famous, from Mr. Flam-
-steed’s. obfervations being found to be the moff accurate
of axy made at that time by others. And what may
we not expett from it mow, Jfince its prefent worthy pof-
Jelffors the reverend Dr. Bradley, is not more remark-
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 ?
. Mr. Robins’s reputation being now arrived at its
Jull beight, ueitber bis backwardnefs in pufbing bis for-
Cc 4 . : tune,
the condut of Lieutenant-General Sir John Cope, Knight of the
Bath, Colonel Peregrine Lascelles, &¢: London printed in 1749,
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- pune, that canjiaut{y accompanied bim, nor bis inflexible
bonefly, that never permitted him to approve of the
unwarrantable altions of any faltion, being no langer
able to prevent bis preferment, be was offered the
choice of two very confiderable employments. The firft
was to go to Paris as oune of the commifaries for ad-
Juping our limits in Acadia; the other ‘to be engineer
general to the East-India company ; whofe forts being
in a moff ruinous condition, there was wanting a very
capable- perfon to put- them into a proper pofturé of
defence.  This latter be accepted, as it was fuitable
20 bis genius, and where, be -believed, be foonld -be
able to do real fervice, as not being liable to be bin-
dered through the [uggeflions of defign or ignorance,

which by their boafting and importunity, often in-

JSinuating themfelves into the diretion 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 life ; on condition that be
continued in their fer'vtce JSive 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 Jums of money, be foruld
think neceffary towards carrying on the works be un-
.dertook, as wus never paffed on the like occafion ; fo
great was the confidence the company repofed in Mp.
Robins’s sntegrity, as well as ability ;*$n neither of
which did they find themfelves deceived ; and indeed be
alted in all occurrences, through every [cene of life,
‘with the utmoft generofity and difinterefiednefs ; and
never offered to undertake any tbmg, 'wbereof be wc::
not a perfeft mafier. -

. He defigned, if be bad remained in Entﬂand to
bave compefed a fecond part.of the wvoyage yound the
world; as-appears from the following letter, which
Lord Anson did Mr. Robins the bonour to write to
bim on that fubjelt. -
' S " DEar

B
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DEAR Sm

When T 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

Bath, the 22d humble servant, -
. odea'ber, ’ ' ANSON
1749. SN :

If you can tell the tlme of your departure, let
me know it. - S

- The. abo'vc letter is prmted not. wztbaut the noble
Lord's confent ; who, being requefled to permit, that
2his teftsmony might be exbibited ‘to the world of bis
Lordfbips eftcem for My. Robins, replied, in the po-
liteft manuer, That every thing in his power was
due to the memory of one, who had deserved so
- well of the public.: '

.+ - Mr. Robins was.alb preparmg an enlarged edition
qf bis New Principles ‘of Gunnery, and as there
would - bave been made great improvements in wbhat
was already publifbed ; fo the geometrical part was
sntended to be added ; as I learn from fome memoran-
dums, be left bebind bhim. Fyom tbem alfo I under-
fland, that".be bad the tbeor_y qf the moon under con-
. fideration. - . - o8
. .But, baving promded bzmﬁlf wztb a complete _/Z't
qf affronemical and. otber infiruments, for making ob-
. Jervations and expenm;: in the: Indies, be. depaﬂed
- from bence at Chiristmas in the year 1749, to the
great /orrow of all bis acquaintance. This bhowever
was in Jome meafjre dlleviated, on accoint of the bo-
zdit: tbagmbhc wglu reww frm b:x Mmt / Iuamn

[PSPTIINY KRR
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in life, and by the bopes of fecing bim return fafe with
bonour to bis native country. Not lefs fenfibly moved
was Mr. Robins at quitting the agreeable fociety of
bis dear friends, to many of whom be bad been firictly
united from bis firft coming to this place. T
In the voyage bis [bip was very near being caff
eway ; but he arrived at the Indies on the thirteenth
of July, 1750. , S
“There be immediately fet about bis proper bufinefs
with unwearied diligence ; and be completely formed
plans for Fort St. David and Madras.  But be lived
not to put thefe in execution.  For the great difference
1n the climate was beyond bis confiitution to fupport »
" which was always delicate, though till then be fearce
ever bad a fit of ficknefs. : .
In September 1750, be was attacked by d fever,
out of which be recovered; but about eight months
after be fell into a languifbing condition, in which fate
be continued to bis death. . When be bad reafon to be-
lieve that was mot far off, be expreffed bimfelf dif- .
pleafed, the fbyﬁciam bad mot made bim acquainted
with bis real cafe fooner, that be might bave loff no
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 29:b of July
1751, with bis pen in bis band, as be was drawing
up for the compgny an account of the pofiure of thesr
affairs. o ’
Tbe fortifications.of Fort St. David bave been 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 the fpor. And what is flill 'more, Ibave
been informed,* that they were approved of by the
érave colonel Clivé ; who through the force of gensus
‘ alone

# By the late accurate and elegant historian of the affairs
of India, Roserr Ormuz, Esq. who was personally acqeainted
with Mr. Robims, and highly estesmed his abilities. See his
Military Transations of the Byiﬁ:h Nation in Indostan, 4to.
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alone becoming o -felf-tatight commander, bas with
matchle[s condult, as well as valour, retrieved oyr
Sinking. 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, flirongly expreffed their concern at the bofs
of fo valuable a perfon ; and as bis letter was read to
the court of the East-India diredors, a moft vifible
- appearance of forrow fhewed itfelf om 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,
snduced them to bebave with great generofity towards
bis fatber. : ’ .

My. Robins left alfo a moff amiable charaéter be-
bind bim in the Indies ; for I bave learnt from many
perfons, who bave come from thence, that bis memo
és fBill beld there in the bigheft efiimation by all ranks
of people.  And no wonder that a perfon fo well quali-
Jied in every branch of valuable learning, fuch a pro-
Jicient both in the pracisce. and theory of wufeful arts,
as likewifs fo capable and ready to communicate bis
knowledge to otbers, and endowed with & moft candid,
generous and difinterefed .mind, and withal a moft
Sorightly and agreeable companion, [bould bave renders

* ed bimfelf univerfally acceptable. .

I muf not omit mentioning, that be took care to make
& fufficient provifion for bis fatber, Mr. John Robins,
&y purchafing an annuity for the old gentleman’s life ;
who, at the Bath till bis ninety-fecond year, whenbe
died in 1758, enjoyed a perfeit fate of bealth, baving
bad nothing fo much to regret, as the lofs of the only -
child be ever bad ; whofe reputation in the world, and

" conflant affeftionate bebaviour towards bim, were ths
. cbief comfolation of bis declining age.

By bis laft will, Mr. Robins left the publifbing
bis. works to bis bonoured and intimate friend Martin .
Folkes, Efq. prefidemt of the Royal Society, and to
myfelf: but us that excellent. perfon bad for fome time
B - - been
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been vendered incapable, by a paralyuit diforder; of
which beis fince dead, of bearing a part inthis charge 4
Myr. Robins's papers were entrufied to me by bis ex-
ecutor Mr. Thomas Lewis. :

And bere I cannot forbear expreffing 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 bigbeff ¢fleem for Mr.
Robins, dut alfo with a degree of friendfbip, which
neither time mor 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 Mnr. Robins left bebind bim, that
were delivered. to me, bad been tranfcribed into ome
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 tbem read before the Royal Society,
whilft thesr autbor was in England. Tbhat entitled,
A Comparison of the experimental Ranges of Can-
non, &c. at p. 230, was fent by bim from Fort St. -
David, juft afier be was.recovered out of bis firft ill-
nefs. It was prefented o 'the Society the 27th of Juneé
1751 ; and the letter, that accompanied st, was dated
October 16, 1750; i which Mr. Robins 1ells the
prefident, This I here send, with another, 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 guunery, leaving
the further completion af it to my future labours,
either.in this country ov in Europe.  The other dif-

* aurfe mentioned in the letter, I take 10 be The prac-
* tical Maxtms, and the complete copy to be the Ma-~
nuscript pu# into my bands, as far as Mr. Robins
bad fiifbed 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

Jpaces
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jpaws left, in order, as it fbould feem, fo Pedsive more
notes 5 but death put a /iap to -wbatever be ﬂyen fartbtr
intended. ’

Of the Practical Maxtms, wbzcb“were not rez!\i :
before the Royal Society, there arg many copies abroad ;.
and I collated mine with two others . onesy-friend
Myr. Glover furnibed me with ; the other Mr.
Nourse, who kad it fome years ago of My. Muller.
The warieties in the reading, I fozmd 20 be very m—
confiderable.

This volume contains likewife Mr. Robms s New
Principles of Gunnery, as be printed it (for it is not
known, -what is become of the many improvements, be
bad made in it) with the account, that was given of -
#t in the Philosophical Transactions.- 4nd I bave
added an extralfl or two from bis loofe papers, as alfo

. bis' difcourfe on the beight to which rockets afcend,
together with anotber on the fame [ubjeft, written by
bis ingentous friend My. John Ellicott, fellow of the
Royal Spciety, and clock-maker to bis majefty ; a per-

Jon of friéx bonour, whafe inventions, in mecqua, and -
reputation for exquifite workmanfbip, in all forts of

" movement s ﬁr regulating time, are juftly celeérated as
well in foreigh parts as at bome.

Mpr. Robins’sdifcourfe of the nature and advantage -
of rifled barrel pieces, mot baving been communicated
+ to me, till almoff all this volume was. printed of ; I
_was obliged to.give it there at the end, though fome-
“what out of its proper place.

All the difcourfes, that bad been rmd before the
Royal Society, were to have been colleiZed, and dedi-
cated by their author to the late prince of Orange ;
who bad expreﬂ%d the bighef eficem for Mr. Robms,
and bis writings, as I learn by a letter of a noble per-
Jon, dated the 13th of August, 1747, written from

. ¢he Hague to Lord Anson. :

I mentioned before Mr. Robins baving treated %f
the geometrical part of bis New Ptinciples of Gun-
nery, Jo ke bad confidered the e;ﬁ'eﬂs of the air’s re-

fiffance
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Jﬁcntc in regard to/ ﬂnp-bmldmg, and the working of -.
vefals at foa ; but whatever be might bave fet down in
writing concerning thofe, and other curious and ufeful

Jubjelts, be carrisd along with bim to the Indies; of
which I bave not been able, during the many yeats

Jince bis deceafe, to gei ihe leaft information.

JAMI‘S w ILSO\I
London, May 20,
1761,
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THE

AUTHOR’'S PREFACE.

V/
. . . N
Axovur a twelvemonth sincde,/l/‘had ‘some inten-

tions of exhibiting a public cdurse of Fortification ‘
and Gunnery: and though, ans not ne-

o far as to distribute 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. =~ -+
\
~ For, as I had resolved to render this course s
complete as I possibly could, both by large ma-
dels of different fronts of Fortification, and their
different attacks, and by an expcnmental exem-
., plification
* This sentence seems to allude to a cl.rcumstance not no-
ticed in the precedmg 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.

‘mery, 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 precepts of Gunmery 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
account 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 treatise, in 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 thence .computed, and the
- enormous resistance of the air to swift motions
(huch beyond what any former theories have
assigned) is likewise ascertained. And on ‘these.
principles it will appear that the original velocities
of bullets, when impelled by full charges of Pow-
der,
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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 illustgation, 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,
' ' A3 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 . 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 I’ Arciitecture 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 Bas-
tions, and seems to have been completcd soms
time 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 Barleta, who '
was himself a soldier, esteems Turin to be im-
prégnable,‘ 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-

: A4  tiom -

/
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tion of his cotemporaries, as a new contrivance of
this kind would naturally be.

The first Bastions, such as those of Turin, 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 what had been constructed before; as. ap-
pears by the citadel of Antwerp, 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 1 La Treille, Alghisi,

Marchi,

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

from Speckle. Lib. 1. 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-
proach 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 enehy. 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

Francois de la Treille Commissaire -en I’Artillerie. A l{yon
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 Strésbourg; 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 consider, both as to
their use and antiquity. '

The Orillon is as old as the Bastion, since in

" Turin and Antwerp (mentioned above) thereis 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 wong:
' 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 no 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 any 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 Iike-
wise is nearly as ancient as the art of for‘tiﬁcation;
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

v ‘ 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 -

, purpose, 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 wonderfully
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

hd 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, notwithstanding 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 Contx‘egards. to
' the old works of . a very considerable frontier, al-
though it was before esteemed one of their com-
pletest places. fe ;o

From all that we have said, then, -it appears
that the covering of the Flariks 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 Iioxtiﬁcati_on has net re-
S o ~ ceived
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ceived from the moderns those great imprové-
ments which ' unskilful writers would sometimes
persuade us to believe: for, indeed, in the ses
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
cannot be approached by the enemy : and, there-
fore, since 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 degrees in
the magnitude of a partii:ular Angle ; when at the
same time they have too much disregarded this
most important 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 mazims, one of which,
mn particular, is, that* whatever sees, is ftself

- : ' 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, that, if the
Flahk 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 returnit.” Forinstance,
a piece of cannon, covered by an Orillon in the
common manner, cannot be seen by the enemy,
1ill he is got over the greatest part of the ditch,
or is mounting the breach, in either of which
‘places it is impossible for him to raisé 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. | o |

Other éngincers have endeavoured to underva-
‘lue this art as ineffectual, and with this view they
bave expafiated 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 2 maxim,
that when the Contrescarp is once lost, the whole
' | copiest .
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contest is in a manner over, and they endeavour
to support themselves in this persuasion by the
examples of places of great note, which have
.been reduced in a much shorter.time than was
expected. - If these opinions could be relied ony
the greatest part of the money laid out in fortifi-
cations would be extremely ill employed ; since &
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 g
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 humanity. By this means the easiest
enterprizes have been often rendered impossible,

v 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.



THE AUTHORS PBEFACE.. 17

-and the pretence of gaining a day or tWo has
often occasioned the loss of the whole*.

Besides these inventions-for screening of the
Flanks, which we have already mentioned, there
bave been others proposed of a different nature,
'whlch by weason of their singularity, have been
less attended to; such is the comstructing 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 . But though a Line thus constructed
. will doubtless 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 mstances 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 fo impossible.—
Vid. Nouvelle Manicre de Fortifier les Places.

% Vid. Memorie del general Principe di Montecuccoli, pag.
116. , o :
B
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Another way of securing the Flanks, is by in- -
terposing the Enti‘it;g 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 advans
tages hereby proposed, have severely censured . -
* the haviug any part of the ditch hidden from the
Flank, a circumstance which must 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 having its
'Flanks in part covered by this artifice.

But in a proper 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 -

’ to

* Vid. L Fortification demontrée, Lib. iii. Chap. f. Be
sides this invention here mentioned, there occurs in this ana
thor, the contrivance of placing a Gallery under tbf Covered-
Way, with loop-holes into the ditch, which is practised at

Tournay, but more completcly at Berghen-Op-Room. Vid.
Lib. iv. Lhap il
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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 a 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 confined
- -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 dig them out; which, Low-
* ever, in such circum‘st.ances, would be his only

resource.

The first successful application of the hlowing’
of Mines in sieges, was in the kingdom of Naples ;
* where Pietro de Navarre, by this mcgns, pqssesscd
“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 practised in the defence of
places before, thdugh-'in a lésé‘ memorable man-
B2 ' ner;
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ner ; for, by the assistance of this invention prin-
cipally, 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 understood. - The

last eminent instange of their great usefulness was -

in the defence of Turin, inthe 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
Contrescarp, 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. o
Before I leave this head, I cannot but in jus-
tice mention the great improvement in the doc-
trine of Mines, which is contained in that excele
lent Dissertation* 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 thcrci assigned to the excavation cannot be

. rigorously -

* This, in the preface, is said to be the performaﬁce of mon-
sieur de Faliere, 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-
trc;mely well contrived for the husbanding of the
ground, and the annoyance of the enemy.

I have already taken notice of the defects in r
the writings of many ef thase 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 Coekoorn, who
was undoubtedly the ablest fortifier that ever the

world knew. This author has published two
' treatises on this subject; the first containinga
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 evince the great su-
v B3 o périority<
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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
Prench’ and English, but very imperfectly ;
though in a ‘new edition of the French transla-
“tion, lately printed in Holland, many-of the errors
of the former are amended, and 'some particular -
“-passages are cleared up by the notes of the editor,
‘who seems to have understood his author very well.

. I have been told by those 'who were well ac-
‘quainted with this great man, thdt 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-thteir old road, decried him as
-an unskilful, self-coneeited pretender ; but that he
at last surmounted these effects of their-envy and
prejudice, by his défence of fort. William at Na-
mur, when that place was besieged by the French;
after, this, which established -his ‘reputation, he
rose apaée ‘to the greatest military commands,

' “and -
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and ifnmorta]izcd‘his name by his conduct of the
- siege of Namur, under King William, and after-
wards at Bon, Lzmburg, the citadel of Liege, &ec.
And his death at the begmnmv of the Jate war in
Flanders was a very great mlsfortux_l_e to the

allies; of which almost every siege formed by them -

after the year 1707 was a melancholy proof.

i ‘Besides ‘beiné; entrusted with the direction of
. sieges, he was employed too in the repairing and
new-modelling many of the Duzch frontiers.—
His last work, which -is left unfinished, was
Bergken-Op-qum, which will always do 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 cxrcumstances whence lt de-
Tives its pnnc1pal deéfence.

Co_ﬁsidgring" the great fame which general -
Coehoorn acquired in real service, it is difficult to’

‘account for the little regard which hath been paid
to his writings. The most natural reason I can

discover for this negligence, is_the proneness

which we have always shewn for the opinions of
- a newhbourmg nation, who, whatever other good
B4 5 quahtles
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qualities they may have, weére ‘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 Coekoorn.

Though, 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 defending places, (a subject nearly

connected. with fortification) who merit the high-
- est applause :—I mean Goulor 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 inculcatet! the
principal maxims necessaty in those operations.
The other, in a work which he presented in ma-
‘nuscript to the late King of France, of which ™~
copies getting abrpa'd, it was published four years
since in Holland. 1In this book Mr. Pauban 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 inight, 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
I 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, 1 do not conceive that his
invention in this art was to be compared with

that of his cotemporary Coehoorn.

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

The invention of Gunpowder is usually ascribed
to one Bartholdus Schwartz, a German Monk,
who discovered it, as is said, about the year

1320 ; and the first use of it in. war is commonly

supposed to have been by the Venetians against
the Genoese about the year 1380. But both these
suppositions are undoubtcdly false ; for a compo-
sition resembling that which wwe call Powder is

- mentioned by Roger Bacon, as well known in his

time, and he lived near fifty years before Schwartz;
and -there are indisputably proofs of the use of
Artillery 'much earlier than the year 1380.

Indeed, as the time of the discovery of 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. )

IR . The _
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“The - distinguishing proparty of - saltpetre is the
prodigious increase -of inflammability which it
produces .in all burning substances, when mixed
. with them ; although alone-snd uwamixed it-will
‘neither flame nor burn. For instance, saltpetre
put:into-a crucible, and placed in the hettést fire,
will only melt; and grow red hot, but-will:neither. -
explode nor flame ; yet if any-inflammable .sub-
stance (sulphur, suppose, or ceals) be-thrown into
- it, a violent blaze will be instantly produced, 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 a Jike explo-
sion will take place if saltpetre be -threwn .upon
anyfire. - Now it cannot be reasonably supposed
that this quality of saltpetre .could -be long 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 . qbserved, it was thence 4
‘very natural ‘and .obviouns :thonght %o -invent a
composxtlon of saltpetre mixed with any inflam- -
‘mable substance which wonld:bum:more violently
than any known before: and.our present Gun- -,
powder
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. powder is only the 1mprovement and perfectnon
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 gunpowder were first invented. Now the
most general opinion on this head is, that salt-
petre was first discovered either by the Arabians
or the later Greeks, about the middle ages of our.
@ra, when alchymy and chymistry were eagerly
- pursued by both nations; for its Arabic name is
said to be expressive of its explosive quality ; and
the G'reek fires used in war by the later Greek
Emperors (if the effects attributed to them by
many authars are true) must have had saltpetre
in their composition. |
" Indeed some moderns (misled by a similarity
of name) have supposed saltpetre or nitre to have
been known to the ancients. But chymists are
‘now -agreed, I think, that the substance men-

tioned by sonte ancient writers, and described by .-

Pliny, by the appellation 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-
litary 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 igniumf; for this author describes

' _ : 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 sapposes 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 caperimentum hyjus rei capimus ex hos ludicro pueriti
quod fit in multis mund? partibus. scil. ut instrumento facto ad
quantitatem pollicis humani ex violendia dllius salisy qui San
Perr&E vocatur, tam horribilis sonus mascitur in ruptura tam
. modice ret, scil. modici pergameni, quod fortis tonitrut exccdere
rugitum, & corruscationem maximam sui luminis jubar excedit.
Vid. Doctor Jebb’s Preface to his edition of Bacon'i. Opus
Mojus. .. ‘ :

+ This is a2 manuscript in the possession of Dr. Mead; but
what is here mentioned is quoted by the editor of Ba‘on's
Opus Majus in the preface.
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twe kinds of ﬂre-Worl;s, one for flying; and the
" "other for making a report. The case or Car-

" touche (Tunica) for the first he directs to' be

made long and slender, and the composition to-
4 ‘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
though 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’ilitary
affairs seems’ to have been soon after the year
1300." Bacon’s proposal (which was about the

) | year
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year 1280) to make usé of its enormious explosion
for the destruction of armies, might give the first -
hin, which' 6thers might afterwards pursue.— - -
- Sehwartz, instead of being the first inveritor of

Guiripowder, might possibly be oné of the first’
who. thus applied it; and, indéed, the common
_account of the mantier, in which ke came at his
invention, very much favours this opinion* : and
" perhaps ‘the different improvements soon added

. by others, or the prosecution of Bacor's thought

in different places, may have given rise to the dif-
" ferent dates assigned by historians for the first

use of artillery. ' o
Gunpowder,

* The usual manner in which it is told is, that Schwart:
baving pounded the materials of Gunpowder in a mortar,
" which he afterwards covered with a stone, a spark of fire acci-
dentally 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 discover the composition. by this means, beeause it was
- commonly known before;; but he might from hence be taught
the simplest 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 exganslon The figure and name of mortars givea to a .
species of the old artilléfy; awd their employment, (which was
throwing gréat stone bullets at an elevation) very much corro-
borate this corijecture. -
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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 were first employed in 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 cannon, which, though
' lighter
* Vide Tartalea.in his Quész'ti & 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. '
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lighter and more manageable, were yet much
stronger in proportion to their boté ; 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 Wlth greater velo-
" cities, were more effectual than the- Welghtlest
stones could ever prove®. ‘
By
* The time when this change took place, and the advantagé's
arising from it, are mentloned by Guicciardin, who, speaking
of the French army intended for the i invasion of Ttaly, ln the
year 1494, says, . ] _ »
Et per unirsi con questo ssercito erano state condotle
per mare a Genoua quantiti grarde dartiglierie du battere le
muraglie, & da usare in campagna, ma di tal sorte, che giammaz

non havera veduta talia le simiglianti. Questa peéste trovata.

mole anni innanzi in Germania, fu condotta la prima volta in

Italia do’ Venetiani nella-guerra, che circa Uanno della salute .

1380, hebbono i Genouesi con loro, ——— Il nome delle
maggiori era bombarde, le qualiy sparsa dopo questa inventione
per tutta Ttalia, s’adoperavanc nell’ oppugnationi delle terre,

alcung di ferro, alcune di bronzo, ma grossissime, in modo che .

per la macchina grande, & per Vimperitia de gl huomini, &

mala attitudine de gl instrumenti tardissimamente & con gran-
dissima_difficultd si conducevano, piantavansi alle terre co’ me-
desimi impedimenti, & piantate era dall’ yn colpo o all’ altro tanto
mtcrvallo, che_con piccolissimo frutto, a comparat:ane di quello,
che seguitd dopo, molta tempo consumavano, donde i dejemon
& luoglu oppugnah havevano spatco dl potere oltosamentq farc
di

C U R N1
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By this means, powder compounded in the

* same manner which is now practised by all Eu-
rope, came in use*. But the change of the pro-
portion

" & dentro ripari & fortificationi Ma i Francesi fabri-
cando pezxi molto piv espediti, 8 & altro che di bromw, § qualé
chiamavono - Cannoni, & usando palle di ferro, dove prima di
pietra, & senza comparatione piw grosse & di peso gravissimo
Susavano, li conducevano in sulle carette, tirate (non da buot,
gome in Italia si costumava) ma da cavalli con agalitd tale duo-
mini, & d'instruments depulati a questo servigio, che quasi sem-
pre al pari de gli eserciti caméinavano, & condotte alle muraglie
erano planfate con prestexaa incredibile, et interponendosi dall®
un colpo afl’ altro piccolissimo intervallo di tempo, 8} spesso, &
con impeto st gagliardo percuotevano, che quello che prima in
Ttalia fare in molti giorni si soleva, du loro in pochissime hore si
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 tbey 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 saltpetre, seven parts sul-
phur, and eight parts charcoal ; or of eighteen parts saltpetre,
two parts sulphur, ‘and three parts charcoal. These composi- -
tians 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 is at present allowed, and the se-
cond three pounds more.
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portion of the materials composing it, was not the
oply improvement it received. The invention of
graiging it is doubtless a considerable advantage
ta it- for powder at first was always in the form
of fine mea, such as it was reduced to, by -grind- -
ing the materials too'ether. And it is doubtful
whether the first graining of powder was intended
to increase its strength, or only to render 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 aoquire from the-free passage of the fire -
between the grains, occasioned the meal-powder
to be entirely laid aside*. ‘
) ~ The
* That powder was first used in meal, and that long aftér
the invention of graining it for the use of small arms,, cannon-
powder continued in its old form, are facts not to be contested.
Tartalea, in his Quesiti, 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, William Bourne,
in hiy ARt o7 SHOOTING 1N GREAT ORDNAUNCE, published forty
years. after Tartalea, tells us in chap. 1. that serpentine pow-
der (wlnch he opposes to corn or grained-powder) should be
as fine as sand, and as soft as flour : anit'in his third chapter

he says that two pounds of corn-powder will goas far as tlires
e+ pounds

Cav = vy
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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 ditfering greatly in their pro-
portions from those made in the time of the em-
peror Charles V. JIndeed, lighter and shorter
pieces have been often propesed and essayed ; but
though they have their advantages, and are ex-
_ tremely useful in particular cn’rcdmstances yet it
scems now to be agreed that they are altogether
insufficient for O'eneral service*. But though the -

proportions

pounds of serpentine-powder. Also Sir Henry Manwayring,
in his SEAMAN’s DicTIONARY, presented to the Duke of Buck-
ingham in the time of Charles 1. 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
¢s corn-powder ; thongh he informs us the serpentine-powder
" was not used at sea. Indeed, when that book was wrote, I
believe, powder was usually corned, for the foreign writers on
artillery had Jong before recommended its general use.

/.-* Since the time of Mr. Robins, lighter cannons, but of
-wider bares, and consequently heavier shot, have been much
used, especially for the sea service. Indeed Mr. Robins him-
self, some years after the above was yéritten, 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 introduced
chicfly under the denomination of €arronades, a species of ord-
mance very short, but of a large bore, and having little or no
windage. These wete at first introduced as pieces possessing
some peculiar and mystenous qualities, by whnch with 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 applicat_io_fx
have Aundergone considerable changes, the same
.ends being now generally pursued by smaller
pieces than. what: were founerly thouvht neces-
-8ary. - 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 suﬁici_é;ntly
adapted to the strength of the usual profiles of
fprtification, and that the facility of their carriage
and management, and the ammunition they spare,
_give.them great ad\(antages 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 possxble before 1ts upper part is
. attempted

Y .

tance.. The fact is, the small degree of wmdage confines the

whole effect of the powder to the ball itseif, which is in a great

measure lost in the old guns; and the greit. weight of the shot
- enablgs -it much better to overcome the resistance of the air,
“and_consequently to range 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 pendulam, and which were published in the Philoso-
» phical Transactions of the year 1778.  H.

Cs
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attempted ‘to be beat down, seems also t6 be a
considetable modern improvement in the practi-
“cal ‘part of artillery : for I do not remember to
‘have seén this procedure recommended by any
. “ancitnt author; and Guabriel: Busca™; who
“boasts much of His great -experienice, expressly
directs the contrary. Indeed Co?lado mentions it
“a5"the practice“of the Turkst, but it is without
commendmg It or plopOsmg it as an example to
b ?o‘llowed ' :

'But the most important improvement ‘in the
' practical

* Vid. His Instruttione d&* Bombardieri, printed at Carinag-

notu in 1584, cap. xxxvii, in which place he orders the breach-

‘téo be.brgum &t 'the upper part of the wall, and from thence to
.be, coutmucd downwards

-+ % Vid.- Pratica Meanutle di Artiglieria dal. Mag. Szgaor
; Lyigi Collado Hispano, Bettico, Nebrisensc, printed at Fenice
in the year 1586, cap. xx. where he says nelle fattioni del

~gram Twrce ——+ cempre ei atloperano i peizi du taghiare -
$s munruglte per. di sotto’ di-esse transversalmante, et dipoi di alto
‘¥n basso ‘a perpentlicolo, & applicandore poi futti a un tratto i
Bastlivchi, con che fanno cascar g quella parte di muraglia che

¢re g lagliutu. This doek here guoted was composed and
published in f#alian, akthough the author was a Spaiard. Bat
be served us an engiucer in the Spanisharmy in Taly. Ahd he .
tells us in his preface, that he soon inteaded to re-publish it In .
Spanish; which last edition is, I presume, what is quoted by
Blondel, in his drt 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 a small angie,
and with a small velocity, it either bounds- or
rolls along in the 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 of
that battery or -front, and has thereby.infinitely
more chance of disabling the defendants, and dis-
mounting their‘cannon, than it would have, if it
was' fired against the same.works in the.common
manner. ‘This disposition of artillery, which is
indeed a'most useful one, is the invention ‘of the
Marechal de Vauban, and is by him styled Bat-
térie & ricochet*, and was first put in practice at
‘the siege of Aeth, in the yeart. 1692, 1 :
* Vid. his book'Be P Attague et la Defétice des place. '

4 Vid. the Journal of this siege, prmted at the end of the
last edition:of G'uIM’J Memobrs.

C 4
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After .this brief recital of what has been done
in the mechanic part of Gunnery, we must next
- mention thedifferent theories 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 'mahy things worthy. of appro-
bation;, or even of attention ; but, however, as it
is a'themie in’ some measure connected with the

“subjectof ithe following treatise, we must beg the
reader’s-indulgence. - . . '

- The:first author ‘I have seen, who has pro-
fessedly. written.on the flight of cannon-shot, is
Tartaleay1a: celebrated Italian mathematician,

famous fat having invented the:method of solving

cubic: equations, which.:is usually -ascribed to
Cardan.. '-_l‘hi's author, in his Nowe Scientia,
plfinted at: Fenice in ithe. year1537; andafter-
wards: «in “his Quesiti et Inventioni diversi,
printed.at, the same.place 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
fh‘lla'cipgq_“grgnciplesi to proceed on, y_et he was not
altogether unsuccessful in his enquiries ; for he is

supposed to be the first who asserted that the' '
' ‘ greatest .
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greatest range of projectiles was at an elevation
of 45°. - He likewise determined (contrary to the -
opinion of practitioners) that no part of the track
described by a bullet was a right 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.plain,
when partially considered, is yet undbubtedly in-
curvated round the centre of the earth. He also
assumes to himself' the invention of the gunner’s
quadrant, and has often given shrewd guesses at
the event of some untried methods which- were
" proposed to him:. . But ashe had-never been con-
versant in «the practice of artillery, but founded
his opinions on speculation anly, almost ai_l the
writers who succeeded him were perpetually caip-
ing atihim, though often without naming him ;
of.which many.examples might be given froin the
‘works of. Busca, Collado*, Ufano, Sithienowicz,
LR S s L e
+. %.Collado; tap. Ixiii. denies that Tartalea was the inventomof
the gunner?s, quadrant, and quates Danéel; Santbechy or, ch‘w-
montanus (for he confounds them) as having known it many
years before. But the truth is, that Santbeck’s book, from
whence his quotation is taken (' Problematum Astronomgcorum
& G’eametmarum sectzones septem) was ‘not printed till the year
1561, ‘which was- long after Tartglsa. Nor did Santbech

though he talks of the d:ft‘erent elevations of artillery, “know
the method of fra.mmg a quadrant proper for his purpose.
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&c. "And the philosophets of those times. often
intervening in the questions hence arising, there
were hereby many disputes on motion set on foot,
(especially in Ztaly) 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 G'élileo was established,
many theoties of.the mations of military projec-
tiles, and many- tables of their comparative ranges
at different elevations, were published ; all of them
egregiously fallacious, 4nd 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
relating to the artillery. Such were the tables of
Ufano, of Galeus, of Ultick, &c; taken notice of
by ‘Blondel* : to which might be added many
more not mentioned by that author. Indeed -
-there have been very few ancient writers on this
subjeet (and they are a numerous sect) who have
‘riot” itidulged themselves in some speculations oh
B "+ the
" #'Note, the opinion discusspd by Blondel, in his Art de jet-
ter les Bombes, cap. v. is not originally of Rivaltius, whom

Blonde'{ quotes for it, but of the last-mentioned Sanrdech,
from whom Rivaltius stole it.  Vid, Santbech, sect. 6. '



THE AUTHOR'S PREFACE. 43

the difftience betwixt natural, violent, and mixt
thotions ; altbough in the application of these
nistaken notions scarce any two of them agreed.

. ' oo i .". ) e ‘AZ' .
- But-what i§ most strange, is, that, during these
‘contests, so few of those who were entrusted with
the chargé of artillery should think it worth while
to examine' thi€ir respective theories hy proper ex-
periinents. However, thus it has happened ; 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 Coliddo, who has given us the
Tahges 6f a falconet carrying a three pound shot
to each point of the gunnet’s .quadrant: but,
from his: nambers, it is manifest that the Piece
‘was not charged with its customary allotment of
powder*." The next is our countryman, Bourne,
# The result of his trials was, that the'point blabk shot ex-
tended 268 paces. - At an elevation of ome point (which is the
‘twelfth part of thé:quadrant, or'7}%) the range was 594 paces ;
*at am‘elevation ‘of tyo points, ‘the range was 794 paces; at
~three points, 034 paces’; ¢t four points, 1010 paces ; at five
" points, 1040 paces ; and at six points, 1053 paces. . The range
at the sevepth point fell between those of the third and fourth ;
atthe eighth ‘peint it fell between the ranges of the second and
third ; at the ninth poiat it fell between the ranges of the first
S and
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in a treatise printéd the next year after Collads.
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 elevations, and the extent of the point
blank- shot*.. But.-he has not informed us with
what piece he made his trials ; though, by his
one. It \yt_are to be.w;shed that he had_ set down
this eircumstance ;--for we. shall hereafter shew,
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 Adn-
derson, both Englishmen ; the last -Qf these hav-
ing vntlated his expenments by his too great at-
: - o . tachment .-
and second ; at the tenth point it fell between the point blank
distance and that of the first point ; and at the cleventh poirit
it fell very near the piece. Fid. Cap. lxi. And note, that the
- paces‘uséd by this author: are not geqmetrical paces, but eom-
- mon steps, as he informs ug Cap. xlii:. © . o
* If 1 represents the extent, of the point hlank shot, then,
according ‘to’ this author, the range at 5° will be 23, 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 to 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 shooting® in great ord-- .

naunce, Cap. vii.  II.



THE AUTHOR'S PREFACE. a5

tachment to an erroneous theory, I shall have

occasion to mention him hereafter. But Eldred®
'deserves a better character: his principles were
sufficiently simple, ‘and though not 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
cdmmon_‘usage which they have always followed,-
to think of extending their art by proper experi-
ments, or, indeed, to conceive that it was not al--
,x-'eady complete; it would otherwise have been
impossible that positions so little to be reconciled
with experience should have held -their. ground
o . R : S0

© * His book" is entitled THE cvx-!u'n"s GLASSE, and -the
experiments’ he relates were most of them made at Dover-Cas-
ts,. of which. pla.ce e was many years master-gunner. The

. earhest date 1 find to any of his expériments 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 subject, since the time of Galileo.

Galileo printed his dialogues on motion in the
year 1638, as wo have already observed ; and in
these he has poiﬁted out the gemeral laws ob-
* served by nature in the production and composi;
tion of motion, and was the first who described
the action and effeots of gravity on falling bo-
dies ; and od these principles he determined, that
the flight of a cannon-shot, or of any other p,rd-
jectile, would be in the curve of a parabola, un-
less. so far as it wore 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 described a method of
discovering what sensible effects that resistance
would preduce in the motion of a bullet at some
gnven distance from the piece.

When Galileo had thus shewn, that, indepen-
dent of the resistance of the air, all projectiles -
‘would in their ﬂlghi describe the curve of a para-
" bola, it might have been expected, that-those

who came after him would have tried how far thq
real
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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 cautious proce~
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 m
-tion of shells and bullets, being continually 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 ncarly

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
principlee of quileo and strenuously asserts the
flight of all bullets to be i in'the curve of a para-

bola;
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‘bola ; uhdertaking to answer all objections that
could be urged to the contrary. And in the year
1688, 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 doctrine, 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 discernible;
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 edxtmn, at the bottom H

also page 355, and following.
.+ Vid. No. 216. p. 68.
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that.all projectiles moved in the ourve of a para=
bola, if tliey -were not disturbed by that resist-
ance; it:is'now: an opinion generally advanced
by-theiw._riterd on . the theory of .Gunpery, that
the flight. of shot and shells is nearly-in, the cun{é
of a.parabola ;- for the.truth of which, we may
-appeal to . the: professed- a_.uthors . Qﬁ:&biﬂ subject,
" who:haye wrote within the last .farty.jéars; .

. But though this_hyyothesis.\vent_~smpothly on
with those:who - centented themselvey with spe-
~ éulation only, yet dnderson, who made a great
numhber . o, trials, found. it impossible, sa support
it without some new modification. . .For though
. it does, noté,ap,pgar;;;that -he ever. examined the
comparative ranges, of either cannon. ar musquet-
shot,” when fired with; their usual velqcitiegg yet,
his experiments on; the:ranges of shelly thrown
with small-velocities (in respect of thtxse‘.list men-
tioned) convinced him that their whole track was
ot pdrabalicil,\ as appears by his treatise, intis
tuled, ‘To kit @ 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, ‘fromn his great
attachment-to his first opinions, -framed. a new.
' D. -  hypothesis,
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hypothesis, which was, that the shell orbullet, at
its first discharge, flew a certain distahee in a
vight line, froin the end of which line only it be-
gin to bend ‘into & parabola.: And this:tight
tite, which he calls ‘the line of the impulse of the
fite, he siipposes to be the same in: all elevations.
By this hypothesis (though an indefensiblé one)
it was always-in his power, by assigning & proper
magnitude to this line of impulse, to reconcile any
" two shot made at- different, angles, however oppo-
site they might prove ko the: common principlés:
But 'even this newemodelled theory was.notj. ¥
believe, eénfirmed by his following. experiments;
for he hds Ro where ventured to give us ekperi-

inents of three ranges inade at thvee differentieles

vations - with the same quantity.of powder: as
findiag, T presume, that though by this scheme
he could re¢oncile two jarring rariges, the inegus
Harities ‘of-#hree were insurmountable.. And if
such. inequalities were iproduced by the resistance
of the air in ‘the motion of:a shell mxpallcd from
a 'mortar by an inconsiderable quantity of pow-
der, whut iy not the action of the:air be:sup:
posed to effect in the motions of bulldts, which,
' Being impetled by a full charge of powder through
& 'much longer cyhnder, miove :perhaps three or

Coeie - four
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four times as fast, and consequently undergo neay
- fifty times the resistance, as will be niore particus
larly evinced hereafter.: . :

That the resistance of the air, which acts with
such prodigions power oa all swift bodies, shauld -
~ be entirely. unattended to by the practitioners- in

Gunnery, is not the only remarkable circumstance
which occurs in this enquiry ; for after the pubs
lication of Sir Jsaac. Newton's Philosephie Nae
turalis Principia Mathematica, it might have
been expected that all mathematicians should
have been convinced-of its ehergy ; since in that
immortal work the law and‘quantity of this re:
sistance to slow motions is detemnned and cong
firmed by many experiments.. Indeed the same
law, when extendéd to swift motlons, will ‘be de-
fective, and will exhibit the resistance g:eatly '
short of what it really comes out by expenment,
- (of which Sir Isaac Newton himself has given us
warning*;) yet, even upon his principles, it would
appear that the action of the air on bullcts is by
far too considerable to be neglected. But, not’
mthstandmg this. ohkus proof of the necessity
" of
£ Yi;l. Phil, Nat. Prin. Math. p. 351. 1 37,
Dg
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of considering the action’ of. the air-.on 'mil'itafy
projectiles, I can recollect but-6ne instance where
any computations founded on:Sir Jsaac: Newton's
doctrine, have been applied to these motions*.

. . e . Y
te ot . © e Yre o Lo PR I
. . ce . “ s v, 1ose sy

51To sum up.mow- at.once, all. we here 'intend to
observe on thig head, it appears: that- the-modern
writers .on:ithe<art :of Gunnery. have heen very
much Hecei#ed-' in supposing the: resistance of the
air 'to be ‘mconsxderablc and .thence : asscmng,
‘ ":that

*'® Vid. Coriim. Acad. Potrop. Tom: 2. p. 388. 339.

.+ Beqdes the observatlops o£Srr I. Newton, ahove noticed, on
through 1t other phxlosophers lnkcwxse, and after hnm, havc'
made some remarks on the same subject. - Huygens has shown,
that if the resistance were proportional to .the velocity of the
mo\nng body, the paﬂn described would be a kind 'of logtmth.
mic curve ; but that law of the velocity has no place in nature ;
thie true law being as the squarc of the velocity.in slow to-
tions,-and in 2 much higher degree in swift ones. -The pro-
blem was proposed in 1718, by Dr. Kenl, to Mr, John Ber-
noulli, who gave a kind of solution to it: ‘another ‘was also "

 given in-Herman’s Phoronomia ; and. s third by Dr.:Brook - .

Taylor :, but these solutions were not adapted to practical
uses, and their authors did not suspect, the resistance of the air
was any thing like so gnat'u it really is. But M. Dan. Ber.
noulli has shown, in the Petersburgh Commentaries, vol. 2,
that the resistance of the air hasa ve}y great effect on swift
motions, such as those of cannon balls; and particularly con.
cludes, from experiment, that a’ ball which ascends ounly 7819
feet in the air, would have ascended 58750 fect in vacuo. H.
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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-
tiohs about the flight of. shot discharged with .
considerable degrees of celerity are:éXt'remel'y-er-
roneous, and consequently that the present theory
of Gunnery, in tllis.ité most important branch, is
useless and fallacious.- @ S :

. 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 resistance which every shot undexgoés
according to the velocity with which it moves ;
whence, as the velocity with which the bullet
issues from the piece is.easily krown by the prins
ciples delivered in the first chapter, the. delinea-
‘tion- of the ‘track passeqd. through by the bullet;
herehy b_eécmes a.:geometrical . prablein; which,:
ihdeed, in its utmost extent; , is of a very. complis
cate -and: :operose kid.; ; but in-the. irstances
which are most frequént in practice, it admits of
~ gome very easy approximations, ivhich enable us
' D3 readily

4
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readily to compare the :actual ranges of bullets
with thg result of this theory.

- And though such as examine the following
treatise with attentioﬁ, will not, I believe, enter~
- tain niany 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 ranges of
pieces, compared with computations founded ot
this theory: and, indeed, I did once intend to
have added a chapter with this view; but two
reasons have diverted me from this dé'sign.: The
first was, the diﬁiculty I found in ascertaining
the extended ranges; a difficulty which none

but those who shall attempt experiments of the
 sathe kind can be judges of. The second reason
was ‘an irrdgularity which. intervened in these
ranges, and which rendered all my erideavours
fruitless; for the sarhe piece, ‘at the samé eleva~
tibm,. .wauld convey the bullet to very distant
places, :so that no two trials agreed with each
ather ;-as I have more particularly recited. 'in the
.7¢h pmposztwn of the Qdchapter 2

il L. :ul:, tye . : ey Bm,
Tvihena Lo
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-But, notwithstanding these dlfﬁcultxes, which
have hindered me from inserting in the Afollowmg
treatise such experiments on the ran'ges_ of shot as
might cgi‘robpfatg the theory of vesistance there
delivered, I have yet resolved to pursue this sub-
‘ject; and I flatter myself that I have invented
a metbod of preventing  the last;mentioged ine- "
quality from taking pldce, which ynless it can ba
dcme, it is- sufficiently obi'lous how fruitless all
experiments of this kind must pro‘e The resylt
of my future trials on this head I intend for a se-
eond part to this treatise ; in which, besides these .
experiments. on the track described by the flight,
of bullets, and the necessary geometrical determi. .
nations with which they must be compared, I -
_propose to insert many other experiments, which,
- though of a miscellapsous naturs, are yet all of
them connected in some degree with the theory.
or practice of Gunnery.. 1 shall also annex.to this
second part many maxims and pragtical precepts
which will arise from the preceding principles,
and will, I hope, -be of sowe consequencs in the
 future management of artillery. A considerable -
part of -this second work I.have already by.ms,
- as likewise an apparatus purpesely: intended: for
mpletmg it... But:these experiments, which are.
D4 yet
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yet warting, wnll reqmre great ]clsure and a pro-
per season to execute.

As the following sheets, besides the determina- -
tion of ‘the quantity of the air’s resistance, -do
likewise 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
what seems, indeed, to have-been the original of
all the others, is that of Monsieur de la Hire.

- In the history~of. the French Academy of sci- '
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, in consequence of the
heat and fire produced at -the time of the explo-
sion.- Now, if this aif, to whose: augmented

* spring the violence-of gunpowder is imputed, be
in‘ its natural state atthe time when the powdes
is ﬁned (and surely what is in the intervals. of the
e ~ -graing
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' grains‘ must be allowed o be so)- the greatest ad-
dition its elastidity. could acquire from‘the flame
of the.explosion .would not amount,to five. times
its usual quantity, as.we shall more particularly
evince hereafter* ; that is, it would net-suffice
for the two hundred:h part: of the ‘effort ‘which -
we have found to be <xertéd by fired powder.. - -

P T x e SR R
However; ‘this hy:othesis hath given: ris.'e’->‘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 exploswn 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 contiing 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 ; wliicl; 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, i 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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hundred times greater than when it is heated to
the degrée of boiling water. But, as I think' T
have shewn the impossibility. of accounting for
the actual force of power on these principles, I
will not detain the reader any longer with a-par-

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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. PRINCIPLES

GUNNERY.

" CHAP. L .
o Of the Force of Gurqpowdér.

PROPOSITION 1.

Gunpowder, fired either in @ Vacuum or in Air,
jg'oduccs by its Explosion a permanent elastic .
N luid, : e

_II-‘ 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 ascends again,
{et it will never rise to the height it first stood at,
ut 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 experi-
ment, and is circnmstantially 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
presswre ‘of seme new generated fluid in the re-

T ' - eewven,
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ceiver, balancing in part the pressure of the exter-
nal air. That this fluid, or some pait of it at
least, was permanent, appears from what Mr.
. Hauksbee relates in ‘the same place ; that though
the quicksilver ascended after the operation, yet it
next day had ascended no higher than to 223, at
which place it seemed to continue fixed.. And that
this fluid is elastic, is proved from the descent of the
- mercurial gage ; since the quantity of matter con-
tained in this fluid could not by its gravity alone
have sunk the quicksilver by the least sensible quan-
tity ; alsa 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 quantity of powder,
the pressure-of the generated fluid -diminishing as
its density diminishes, : e
The same production likewise takes place when
gunpowder is fired in the air*; for if a small quan-
tity of powder be placed in the upper part of a
glass tube, and the lower part of the tube be im-
merged in-water, -and the watcr be made to rise so
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
gunpowder 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 cxplo-
sion; and the quantity of this-depression will be
greater, 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, as in 4
vdcuum, the éxplosion of fired powder produces a

“permanent elastic fluid,
T -+ SCHOLIUM,
" * Vid, Iauksbee Phys, Mechan. Exper. page 81.
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SCHOLIUM. -

' It has been -known, éver since:the time of Mn
Boyle, .that many substances i fermentation .and
other. chymical operations, produce. elastic fluids
analogous in some of their effects to'the csommon -
air. It is likewise known that other mixtures will
in many cases absorb a part of the air contiguous to
them ;. in particidar, it 1s observed that a]l burning
bodies,- and all sulphureous Tumes, degtray gredt
guantitjes.of air, either by absorbing it into their
own’ sybstance, ,or__a.t,leas; by depriving it of its
‘elasticity. . This creation ‘and consumption:of Rig
in chymical. processes, . has beenlately most dil-
" gently and successfully. gxamined by: the reverend
Mr. Hales, in his Vegetable Statics::,And.om
these principles it follows,.that, /in she.last. experis
ment, the-sulphureous;fumes arising from the burn=
ing of ,thc,c[{xarcoal ane; hrimgtone,; -contained in
the powder; must soop absorb some :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 before it is fired, .should bear .as
small a proportion as possible, to the qéantity of
powder; so. that the success of the.egperiinent
may not ;be- disturbed..by. the abserbed. air. ap-
" proaching to'an equality. with the generated flyid.
. ‘There_1s, - 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
fire, 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. S ‘
.o : PROP.

r
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' “PROP. 1L )

7o evplain more particularly the Circumstances
. attending the Explosion of Gunpowder, either
én a Vacunm or in Air, when fired in the Man-
- ner- described in the Experiments of the last
- Proposition. o .
W-HEN any considerable quantity of Gunpow-
_der is fired in an exhausted receiver, by being let
fall on a red-hot iron, the mercurial gage instantly
desoends 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
:eemin%ly 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 aca.
quired this point of apparent repose, 1t still conti-
nues rising for a considerable time, a.lthou%h by -
such' impeérceptible 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 thaw
where the mercury stood ‘before the explosion.
- The same circumstances nearly happen when
powder s fired in the upper part of an'unexhausted
tube, whose lower part is immerged in water. '
Now these appearances all 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 after

1
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the first.descent. When the fluid is reduced to the
temperature of the containing receiver, its elasticity
is then more fixed and.invariable;.and this must
usualiy 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
much more to the action of the sulphareous fumes
of the brimstone and: charcoal, which absorb a part
of -the generated fluid, and thereby diminish its
pressure.on the gage. - - Sy

* 3 Inthefollowing-prepositions we shallirrefragabl
- demonstiute; dlatmqrcenf fired : gunpo1ﬁ:§er 1{
aothing anore than the ;pressure of the fluid; which
s generatodin the preceding experiments, and that
this fluid in its action ohserves the same laws with
ether elastic ftuids, partioularly the mir; so. that
whatever power is-produced by the firing of a given -
quantity of gunpowder, ‘the same -would be exerted
by substituting 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
- ofits firing,  Mr. Hales has coneluded, that the
weighit of 51e factitious elastic fluids, proffuced from
- chymical processes, is the same with Yhat of com-
" mon:air;; he having tried that produced from tartar
~ with geeat.exactness. -He has found, too, that they
expand with heat, .and contract-with cold, .and that
with the same tzrcsstre they are condensed in the
samie degree with comimon air; and that when they
are ‘cleared -of their' sulphureous fumes, which is
doue by making them pass. through water, they
will then :contihue for mary months, nay years,
without losing any;censidgrable part of their elas-
. S ‘ ticity.

YR TEIT
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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 produced. by :distillation,
burning, &c. it must be preferably allowed to be
true of that fluid, which is generated in the explo-
sion of gunpowder ; since it is from saltpetre alone
that this fluid seems ‘to.be derived,.(far neither 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 ; for the same
parcel of earth, by being properly exposed .to the
air, will furnish saltpetre over and over again for
ever. However, though'ivbe highly reasonable to
suppose that the elastic fluid, arising from the firing
of powder, is genuine and permaneit air,’ yet: the
truth or falshoad of this-suppasition no ways affects
the certainty .of our: conclusions. It is sufficient
for our. purpase, .that:it is:an elastic fluid ; whether
it be air or anothen composition, our reasoning will
be still.the samé; since it:is by experiments on this
fluid itself, and not by obscure;specnlations on its
" hature :and qualities, that our future deductions
relating to.its force-and action-are confirmed.. |

- - PROP.IIL L,
The Elasticity or Pressure of the Fluid pro-

. duced by the firing of Gunpowder, is ceteris
paribus directly as its Density. o
T‘ms follows from hence, that, if in the:sam
receiver a double quantity of powder be let fall,
the mercury will subside twice as much as 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 nearly 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 suf-
ficent, had it fallen on the iron, to have sunk the
mercury ¢ part of an inch more; in which case
~ the two descents, wiz. 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 produced by gunpowder in its explosion, is
directly as its density.

 PROP. IV.

To determine the Elasticity and Quantity of this
elastic Fluid, produced from the Explosion of
a given Quantity of Gunpowder. '

As different kinds of gunpowder produce differ-
ent quantities of this gﬁldp in proportion to their
different degrees of goodness, before any definite -

: 'E . 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 Ee 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. 1I. 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 elasticityy
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 t{:e same
degree of elasticity with common air; whence an
ounce of powder will produce near 575* 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, équal 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 33+ or +% nearly -
of the weight of the generating powder. . -
. If the ratio of the bulk 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 tie 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.~'. ’ H‘

E2
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And farthér, 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 hot
iron, because it was sometimes long before it would
fire ; in which interval the air would often insihuate
itself, and thereby disturb the mcasures 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.
13, or 1,6; which is what we found it to be in the.
preceding experiment : wheuce the proportion 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.]" A L

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

S posing
1
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. posing the density of govéder to.be what we have
here 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 neot 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 vacuum as
in the air. Co e
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'cnﬁmlt,of '
the great augmentation this elasticity would re-
ceive from the action of the fire in 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
S - o o
- * But it has bech found, by other éxperiments; that 2 cubic
inches of powder in grains, occupied only abowut half that space,
or oue inch, while ia a solid state, or cako, before broken into
grains ; thercfore the space gecupied by the fluid, when expanded
. to the rarity of the atmosphere, would he 236 X 2, or 472
times the bulk of the solid powder from which it is prodaced.—
But a solid mass, suppesed to be composed:of nitre, sulphut,
and charcoal only, in the sam¢ proportions as employed in mak-~
ing gunpowder, would be very nearly of the samig 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 thas
common air, and therefore denser than water, in the ratio of .
about 18 or 19 to 10. H. ’ *
. - - Es
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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 fromr 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 ertremest
Heat of red-hot Iron.

To fix this point, I took a pjece of a musket-
barrel, about six inches in lcngtﬁ, 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 4 of an inch in diameter. This tube,
thus fitted, was heated 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(:31_,
. : 196 ;

€,
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196 ; or, taking the medium of these three trials,
as 796 to 194;*. o '

The heat given to the tube each time was the
beginning of 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 cool,
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 Explosion.

A, air and this fluid appear to be equally affected
by heat and cold, ancr consequently have .their
elasticities equally augmented by the addition of

_equal degrees of heat to each ; it" we suppose the
heat, with which the flame of fired powder is en-~
dued, to be the saime 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+ pearly; that is, in the

_ratio of the elasticities of common air, under simi- -
lar circumstances, ascertained in the last proposi-
tion. -

.Now that the heit 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.
"E4
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hot iron, seems sufficiently evident from the ap-
pearance of the flame, and the known dproperties 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 exglosion, being aug«
Mmented by the extremity of this heat in the ratio
of 194} 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 aftcrwar(%s, the
resulting number will ascertain how wmany times
the elasticity of this inflamed fluid, at the instant
‘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, ]
or
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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 di{;ted 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 supposed 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; allowing a gradual .
augmentation to this heat in larger quantities, and
diminishing 1t when the quantities are very small

' PROP..

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

4
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PROP.. VIL

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.

IN 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 determinced. .

t AB rcpresent 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
GL, 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 impelling the ball
in any other place as M will be represented by the
line MN, the ordinate to the hyperbola at that

_ point ;

1
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. point; for when the fluid impelling the body along,

rlas 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. :

. \K

’ -

Sl——\H

" " O

- Since the absolute quantity of the force impel-
ling the ball at the point ¥ is 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 propore
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 prqpon;1
’ . : tion
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tional to the uniform force of gravity in every
{)oint; whilst the hyperbola HNQ determines in
. like manner such ordinates as are proportional to
the impelling force of the powder 1n 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 impclle_zg1 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 FL.PB to the area
FHQB 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
linc; find then another velocity, to which this
last-mentioned velocity bears the given ratio of the
subduplicate of the area FL.PB 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
AB, the length of the cylinder, to be 45 inches, its
diameter DC, or rather the diameter of the ball, to
be % of an inch; and AF, the extent of the pow-
der, to be 27 '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 theory 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 estegrped equal to that of
' T Tacolumn
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-a column of water. 33 feet high ; whence lead being
_to water as 11,345 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 Ywigh 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 % of an inch in diamete, 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 84900% 2 or 69800 times
its weight; whence FL to FH is as 1 to 69300
and FB to FA is as 45—23 (or 423) to 2§ ; that
is, as 339 to 21; whence the rectangle FLPBis to
the rectangle AFHS, as 339 to 21 % 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 &c. is to |
the tabular logarithm of %7 ; 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 ,43429
&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 I'B, to the ve-
locity the bullet will acquire from the action of the
Eowder, impelling it through FB ; but the space
B being 42 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 11Q,7 feet in 1" of time; that is, at the
rate of 1668 feetin 1 of time. And this is the
velocity which, aceording 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 apﬁlied 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 rowder, 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 whié¢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-
rithm 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
piece. : .

2dly, That all the powder of the charge is ﬁt?d;
before the bullet is sensibly moved from 1ts plae.

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,

oo _ ~ 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 Mathema-
tics, viz, in prob. 17, near the end’ of the volume, p. 350, edit.
4, And the theorem thence deduccd, is this: v = 2713 x
V(};% x leg. of g).fdr the velocity with which the ball guits

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 guu-barrel, a the length
to the hinder part of the ball, and n the first force of thé 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 )
de 4 660a

X log. of g)‘
And by comparing the calculations from this theorem with very

there stated, is this, v = 2713 v/ (

‘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.  TI.
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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 dissigated,
- and the bullet will be no longer sensibly affected

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 prodigious
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 one 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 rcciprocal 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 %rom 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 nathematicians know,
that if bodies containing different quantities of
matter are successively impelled through the same
space by the same power, acting with a determined

. force 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 shoiild have
been by this rule, (which are that of 1200 and 980
feet 1n -1") does doubtless arise from- the flame,
-which eseaping by the side of the first.bullet, acts
on the surtace of the second ane third .

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 exactness; and wherei this

. error has_been greatéer, it has never arisen to an

. eighth part of the whols ;. but if the common opi-
nion was true, that- a smill part only of the pow-
der fires at first, and othei parts-of it successively,

" as the bullet passes tlirough the barrtl, and that a
considerable part of it is often bldwn out of the
piece without firing at all; then the velocity,
which three bullets rec€ived: from the explosion,
ought to have been much greater 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, according to 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. = o 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
- F _ supposien
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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 it*; 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 magni-
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. s

: But

* Dialog. 20.




OF GUNNERY. - 3 83

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 beihg 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 bodies are
often so swift, and consequently the time observed-
is s0 short, that an imperceptible error in that time
may occasion an error in the velocity, thus found,
of ¢, 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 bullets 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 extraordinary nicety in the con- .
struction of the machine. The description and
use of which is the subject of the next proposition.

. Feg PROP.
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PROP. VIIL

To deiermine the Velocity, whick any Ball moves
with at any Distance from the Piece, it is .
discharged from. '

THE simplest method of effecting this, is by

means of an instrument like to that exhibited in

the engraved figure, where ABCD represents the

‘bedy 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,
"ate screwed on the sockets RS; and on these

sockets the pendulum EFGHIK is hung by means

of its cross.piecc 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
figurc A,

- 1.
"-——L ___rJ
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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 1s 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-
mined blow ; and, onthe 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. A

- Now the extent of the yibration; made by the

) pendulum:

]
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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
ribbon between them may be free and easy, though
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 frra.w 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 lb. 3 oz. its centre of gravity was 52
inches distant from its axis of suspension, and 200
of its small swings were performed in the time of
253 seconds ; whence its centre of oscillation (de-
termined from henée) is 623 inches distant from
thataxis. The centre of the piece of wood GKIH

.18 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 1b.
+ 0z.) was concentrated in that point*, and the
rest

#* T' "~ is the case only when that point is the centre of os-

. : ) cillation ;
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est of the pendulum was taken away; whence,
supposing tge'weigbt of the bullet impinging in
that point to be the +r of a pound, or the yz+ 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 43+ 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 following,
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 l": :
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 measure, either pounds or. ounces, &c.

Fa4

for
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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 height, to which a body projected upwards
with the velocnty of the point of ascillation 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
: suspeusmn is 713 inches ; whence reducing 174 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
desceudmo through tlns space, is neaxly that of
*3* feet in 1", -

To determine, “then, the veloc:ty, with which
-the bullet lmplm,ed 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
174 inches measured on (Le ribbon, no more is
necessary, than to multiply 33 by 505, and the re-
sulting number 16411 will be the feet which the
bullet would describe in 1, if it moved with the
veloeity it had at the motment of its percussion ;
for the velocity of the point of the pendulum, on
which-

* Morc accurately 3,216.

.+ Or rather 1624 = 3.216 x 505. But thv true velocity,
when computed by the correct rnle in the last note, comes out
me 1669 or ncar 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 y54 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 173
inches Ly 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 1", 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 instrument; but that those, who
may be disposed to try these experiments,.may not
have unforescen difficulties. to struggle with, I
shall here subjoin a few observations, which it will
be necessary tor 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 4 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
oo ascertain
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ascertain the velocity of the bullet, because the
velocity, with which-the parts of it rcbound, 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 thickness of the board be increased to 7 or8
inches for the heaviest bullets: beech is the
toughest-and properest wood for this purpose.

It is hazardous standing om the sidc of the pen-
" dulum, unless the board be-so thick, that the

greatest part of the bullet’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 iren, and will fly to a con-
siderable distance.

As there is no effectual way of fastening the wood
to theiron but by scrcws, 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 ou 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 1°, the hullet
will not stick in the wood, but will rebound from
it entirc, and (if the wood be of a very hard tex-
ture) with a very considcrable velocity. Indeed I
have never examined any of the bullets, which
have thus rcbounded, 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 thickness 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 manner 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 distance 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 £ 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';
-1 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 arc 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 ingeninus
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 illustraied 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 Pieces, with their Velocities
computed from the LTheory.

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
accordin(% to our theory, has been likewise fully
explained in the sixth proposition ; we shall here
then compare the resuﬁ of our theory with expe-
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 containing the powder 23 inches, which, as
the barrel exceeded the bullet in diameter by about
the ;% of an inch, just contained 12dw. of
powder. : :

The bullet thus made use of was 4% of a pound,

" avoirdupois, in weight, and consequently the same
with the example o% 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, :
will appear by the following table: N

‘ - No.
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Q\uanﬁty of | Chord of its ascend- | The sameby | Error of the

Powder. | .ingarch measured on | the theory. theory,
No. o the ribhpn,
1 - 12 18,7 . 19,0 +,3
2| 12 19,6 19,0 |. —,6
3 6 . 13,6 13,4 —,2

The next experiments were made with the same °
barrel, but the board on the ndulum was now of
little more weight than that n the example of thc
seventh proposmon

Length of the | Quantity } Chord of its | The same by | Error of the
cavity con- | of powder. ascendmg the theory. theory. .
taining the * arch mea-’
B | of medenve
% M .o
No. Inches. Dw. - Inch. Inch. . Inch. .
4| 2F 6 | 11,9 12,1 } +,2
51 23 6 12,2 | 12,1 \| —,1 .-
6| 11 61 132 | 136 | +.4
7| 1% 6 | 13,9 -13,6 -8
9l &4 |12 |-17,5 17, -3
1wl 2% | 12 | 169 168 | —,1
1|23 | 18] 17,0 | 168 | —;2
121 24 | 6 11,7 1,5 | -,2
S18) 23 |0 6| 1L,1 7| 11,5 +,4
wl g4 [127] 167 | 165 | —a

RN |

“The last five numbers resultmg from the theory
are corrected from the quantity of bullets lodged -
in’the board, which, as many-other experlments 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 proportlonably dimi- "
~nishéd. _ ,
‘ : o The
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The next expemnents 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 pendu‘lum was at first rather llghter than in the

example of the seventh proposmon '

.16

Extent of Qnauuty Chord of | The same | Error
the cavity of the ascend- | by the of the
containing | powder. | ing arch tbeory l:heory

the pow- - | measured

der. : on the

ribbon.

No. | Bar.| Inch, Dw. _ Inch. = Inch. T

15(C| 25 | 12 | 127 | 128 [ +,1
Cl 23 | 12 12,6: | 12,8 | +,2
17|C| 235 | 12 | 124 | 128 | +,4
18/A| 23 |12 | 170 | 17,3 | +,3
19 A 25 .1.12 17,2 17,2 ,0
20 |A| 25 | 12 | 17,1 17,2 +,1
e1|A| 235 | 12 17,2 17,2, ,0
22 |Al 24 |0 6| 124 | 122 | -2

* In ‘some of the followmg 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 fixed on the pendulum
was at first but little heavier than that in the se-.
venth proposition ; and when in the course of the
experiments it is sensnby increased in the weight,
I diminish the numbers arising from the theory by
a correspondmg part,

e

" No.



~ OF GUNNERY. 95

Extent of | Quantity | Chord of } The same | Error
the cavity of |theascend-{ by the of the

| containing | powder. | ing arch theory. | theory.
the measured .
powder. on the
ribbon.
No. | Bar.| Inch. Dw, Inch, Inch, Tach, .
23| Al 24+ | 12 | 171 | 17,2 | + ,1
24| Al 2 4 9 15,2 15,0 - 52
25| A 2% 9 154 | 150 | — ,4
26| C| 2% 12 1,5 12,8 + 1,3
271 C| 2% 12 1,5 12,8 | +1,3
e8| Cles+ | 6| 87| 9. | +,3
29| Cl 2+ 12 12,3 | 125 | + 2
s30{B| 2% | 12 | 144 | 144 0,0
31| B 2+ 12 14,4 144 0,0
32|B| 24 6 | 1083 | 105 | + ,2
33| A| 1% 8 14,7 14,5 | — ,2
sal Al 4 12 | 157 | 153 | - 4

The error in the 26 and 27th experiments being’
. 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 considerably diminish the action of the
powder. o

The following experiments were made with a
-pendulum much heavier, 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 dis=
tant from the axis of suspension. Also sometimes
,another barrel was used 7,06 inches in length, and
,83 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 335 dw.—
This barrel we shall denominate: D.

: ' "No.
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No.
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‘The error in the 50th experiment, the greatest
in this set, was doubtless owing to the wind ; for
the 49, which was made immediately, before it in
the same manner, and with the same quantity of
powder, 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 quantity of;
powder :was plainly to be discerped., : o
This theory is farther confirmed tqo, by experi-
ments made on the action 6f very, small quantities,
of powder. We have hitherto supposed the pow-
* der when firéd to be equally hot with- iron at .the
beginning of its white heat, but;we have observed;
-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 bave found by many
trials actually to take place; for instance, in: the;
example of the 7th.proposition, the velocity, which.
should be given to the ball by the action of the
powder according to the theory, is in round num-
bers that of 1670 feet in 1", .and this velocity we
haye found. in the preceding experiments to-be the
mediam 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 ldw. ‘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 ‘propor-
tion to its quantity with that of the larger, then
‘the velocity of the bullet, when impelled by the
explosion of the Smaller charge, will be to the ve
locity of a bullet impelled by the greater charge,
in the subduplicate ratio of the quantities of the
respective charges ; ,that-(i:, in the subduplicate ra-
. r o

.2
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" fain the: true and ‘genuine determination of the
force and manner ot acting.of. fired gunpowder.
«.This theory, asthere. esmbhshcd supposes, that in;
the firing of gunpowder about -%; of its subistance is.
convested by the sudden inflammation into a per-
manent elastic fluid, whosé dlasticity, in proportion
to its heat and d(nslty, is the same with that of
ocghHmon air:in the Bike cizcumstapces; it, farther

- supposes; thet all the.force exérted by gunpo\vder,

igits most violent operations,:is. no. more than the

-action.of the elasticity of the flnid thus generated ;

agd:these. principles emable:us, as'ave have: sern, to
determine - thevvelacitics: of .bullets impelied. fron:
firetarms of all kinds, and.are:fully sufficient, for
all purposes, where the force of guupowder.is to. be
esttmated.  ‘Whether thts fluotd betrue and. (relrmuc
ajry or. andther substanec, we: shall. not- drscuss in
this place ;@scitidz an. enquiry: 1io ways mmlectcd
with:the!design:of this treatise.:{; .
~From this theory many. deductlons may be made
of 'thik greatestioansequence to the practical part of
Guiiherye . - From henoe the thicknesws of 3 piece,
whidh wiil:enable it to-confindavithont, bursting any.
gi#en charga of powtler, is easily determintd, since
the effort of ithe’powder is‘known. .From hancc
dppedrs the iriconclnsivencss of. \vhiat some 'modem:
authors have advanced, relating to the: advgntavcs_
of particular formsfor: thechnm'bcns of mortass and:
cannon; forsallitheir labourad: speculations op- “this
head are evidcntly feunded:on very erroneous;opi-
thionis about the action of fired powder. - Erom.this
theoryy too, e hre taught. tlie: necessity of leaving
the same space beliiid the bullet;: when we would
by the same. quantity of powder communicate. the
same velocity:to.the bullet ;:sinee on our principles
it follows,. thit the same powder has a greater,or
less-degree of ehasticity, according to the different
gmccs it occupies. The ‘method, which' I have
Wavs . pmcmcd for thls purpose, has been by
. marking
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marking the rammer;-and this is'a maxim, which
ought not-to .be dlspensed with, :when eannon are
fired: at an‘elevation,. paa'ncularly in those Lalled by,—
the French- Batteriés-@ ricochet.. -, - - :
+ From the continued action of the; powder, and
its manner of -expanding described in this theoryy
and the length and weight of the piece j-one of the
most essential circumstances in the well- directing
of artillery- may be easily -ascertained,; . All prac-
titioners are agreed, that no shot can: be depended
on, unless the | piece be placed- on d soligt. platform;
for if the platform shakes with the ixst: impulse of
“the powder, it is impossible but.:the: piece must
likewise shake, which will alter itg direction, and
render its shot' uncertain. - To prevent:this aeci-
dent, the platform is usually made extremely 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 ef, it is suﬁ1c1ent|y obvious, that
when the bullet is scparated from the piece, it can
be no longer affected by the tremblinig of the piece .
or platform and by a very easy computation it will
be found, that in a picce 10 teet in length, carry-
ing a hullet of 24lb. and charged.» wnth 161D, of -
powder, the bullet will be aut of, the picee, before
the piece has recoiled  an inch;. ‘whence,-if the
platform be sufficiently solid.at the. beginning of
the recoil, the remaining part of it. may be, much
slighter ; since its.unsteadiness beyond the. first
mch will have no mﬂuenw on the d:rectxon of the
shot. .And hegce ;a moye. compendlqus method of
.constrmt.m platf'qrms may be foynd,out. .. ..

" From tlns i theagy-it: ,glso ApPpears, whow grpatly
gtl;osex a;uthprq have; been mistaken, who.have at.m :
butedthe, force of gumpowder, .oy at.least.a. gonsi-
derahle part of it,.to, the action,of the air g:qqtam@d
mthemm the po,wder or betwegn tbednte; vals 0 the

.gramu Jfor ‘ghey.. have suppesed ; (ttbﬂ'}ghu!
G 3 tmct Y
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tinctly 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
heat, we may conclude, that the heat of the ex-
plosion cannot augment the elasticity of the air to
five times its.common quantity ; consequently, the
fovoe arising from this cause only cannot amount
to more than the 200th part of the real force ex-
erted on this occasion. , ;
- Having thus dispatched the general confirmation
of our theory, we shall proceed to the examination’
of some other particulars relating to tliis subject ;
which, - though easily enough flowing from the
principles already laid down, do yet, from the no-
velty and singularity of the matter, merit a cir- = |
cumstantial discussion. o )

PROP. X. o

Tb_'assign ‘the Changes in the Force of Powder,
which arise from the different State of the
Atmosphere. : . '

Ixan the experiments I have hitherto-examined,
I'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 seasous : in
particular, I have sometimes compared the trials
made at hoon, inh the hottest summer sun; with
those made in the freshness of the morning and
evening, and I could not perceive any certain dif-
ferehée between them, and- it ‘was! the same with
#he trials made-in the night and in winter; although
in-this variety 'of 'seasons, the density of: the at-
mosphereinust have: been véry different’:'indeed, as
we have seen that the same (uantity of that fluid,
‘Th whieh the force of powder consists, dsigenorated
- . . in
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in a Yvacuum, and in common air, it is difficult te
conceive how this force can be aftected by the
greater or lesser density of the atmosplere.

.. But though the density of the atmosphere has

no influence on the force of powder, yet its mois
ture has a great one; for the same quantity of
powder, whichina dry season would commumcaw
to a bullet a velocity of 1700 f.et in 1, will not jn
<amp ‘weather communicate to the same Dbullet,
placed in the same manner, a velocity of more,
perhaps, than 12-or 1300:feet in 1", or still less, if’

the powder be of a bad sort, and has-been negli- - :

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 equat quantities of such powder, taken-out of -
the same _parcel, -will differ considerably from each
other, pelhaps ten times more than 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 greaterpart of its force than
8 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
powdel

Now all these effects are easily to be accounted
for, when it is known, that powder will xmb;be
molsture from the gir; 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, thoutrh insufficient to produce this effect,”
will yet abate. the, violenge of its.explosion, and
will rendgt-the: ﬁle ther ¢by prodnced less vehement
than it would otherwise -be ; whence a less quan-
tity iaf Buid-will bie inthis ¢as¢ generatedy.angd:the
heasiof that fluid and its:clastionty, ig likpwise lessy
xonseqguely tlm zmtwm of damp phivder must;-on
RS BN N P :G 45 nar 10 v thes
u bW
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this two-fold account, be diminished aecording to
the degree of moisture with which it 1s tmpregnated,

Aud as bad powder usually contains some com-
mon 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 conceive, how bad powder should
‘in a moist season be more impregnated with mois-
ture than good, "and should censequently 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
owder 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 ag<
tioh of the powder, is likewise uncertdin. . I must
remark, on this head, that, in the driest seasons, I
have found the coldness of the barrel, and perhaps
some little moisture- condensed in its cavity, to
have sepsibly diminished the-force of the powder
in the first shot. : :
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. : SR e
The remarkable foulness of the piece, from the
firing of damp powder, which we have. mentioned
ahove, . must Yikmvise arise from the dimimation:of
"the activity of the fire:m the explosion. For,
‘ 1 ' when -

~
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powder, I took about.an ounce of powder, which
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when powder is of a proper tcmpemture to fire
readily and violently, the greatest part of its sub-
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 thie 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 mioisture it imbibed ; it -
must follow, that a smaller part of the powder will .
in this .case be perfectly consumed, and conse:
fuently a greater part will remain to. oontnbute to
the foulness of the barrel. e :

SCHOLIU‘.I e

We have- assertcd as the basns of our reasoning
in this proposition, that powder will imbibe mpis-
ture from the air in a humid state of the .atmos-
phere; but it remains to assign the quantity it can .
thus imbibe, which we shall here endeavour to do
from our own experiments. '

A parcel of very good powder being placed on a
white fpaper, which was pierced with a great num-
ber of fine holes, and the paper bemg held over
the steam of hot water, I found, that in half a mi-
nute the powder was 1nc1eased in wcight by about

s part.

Trying another parcel in the same manner; ‘but.
continuing it longer in the steam, I found that the
powder increased its weight by ;¢ part;. but in
this case ‘some of the grains adhered togethen n
small lumps, although the figure of the: gxdms
themselves was no ways- changed .

'To convince myself that the moisture: of the at~
mosphcre would' likewise increase .the -weight  of

had

4
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had for some time. been kept in a room, which had
a‘fire in it every day, and I found, by drying it
hetore the fire, that it lost above 44w of its weight ;..
one third of which decrease in weight it had again
-acquired in less than two hours, by being removed
to a different part of the room, at a distance from -
the fire. : T
Now as the weather is often much moister than
when I tried this experiment, and as in open air
this. moisture abounds much niore than in a room
wheére 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 all the effects,
we have observed and described 1n this proposition.
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 observed, in the experiments
of the last proposition, how nearly those made with
the same quantities of powder, and in the same
circumstances, agree with each other. In these
experiments, though made at different times in the
course of three summer months, the dryness of the
season prevented all the inequalitics of this propo-
sition. DBut trying the same powder in the winter,
in a very damp season, I found, that though. if - it-
was used as in the summer, in its natural state
without any drying, its effects were very irregular, -
and much short ot those experiments ; yet if each
charge was well dried, just before it was used, no
diminution of its*force could then be. perceived,
nor did it appear. to_act in any manner different
-from what it had done in the preceding summer.
Indeed if the powder- be exposcd to - the gréatest
damps without any cautiow, or: i common :salt
abounds in it, the .maisture’'it imhibes-may, per-
haps, be. sufficient ta:.dissolve sashe.part of- the
nitre; which is a lasting damage; that wo. drvying
: can

- .
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can retrieve. - But.when tolerable care is taken™in
Ereserving powder, and the nitre it is composed of

as been well purged from .common salt, it will
retain its force much longer than is usually sup- .
posed. : I have heard’ that powder which had been
well kept, did not at the end of fifty years appear -
to be any ways injured:by its age. .. :

- Some care is necessary in the.drying of dam
powder; for there is a degree of heat, which though
not sufficient to fire the powder, will yet melt the
brimstone, and destroy the texture of the grains.—
Nay more, there is a heat, with which the brim-
stone will flame-and burn 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 grains 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
grams, I have often covered two or three square

‘inches with a blue lambent flame, which has lasted

a considerable time ‘without any explosion; and
examining the grains afterwards, I could not per-
ceive that they had lost either their colour or their
shape... Now ' since these grains, when the brim- _

-storie is thus burnt, or-even melted out of them, .
wiil Bo longer act as powder; it is ‘evident, that .

powder
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powder may be spoiled by bcmg drlcd with too
violent a heat. vy
From the great difference in the eﬁ'ccts of moist
and dry powder established in.this proposition, 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 iterfere:. ... 7
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 elastic than air
equally heated, I imagined, that possibly the mois:
ture imbibed by power mlght, in eertain.cases, be
so proportioned to the quantity of powder,: that it
might be converted into vapour by the explosion
and that therehy the force of the powder might be
more increased by the addition of this very clastic
vapour, than it was dimiuished hy the damping of
its flame. And I was the more induced to believe
that this did sometimes happen, fiom the experi-
ments of a late author, who tells us that the ranges
of the same shot, hred 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 effeets.
However, upon a more accurate examination, I
cannot find that any degrec of moisture does at
any time augment the force of powder; for, in all
the numerous trials I have made, I never ‘abserved -
that force sensibly to exceed.its mean quantity,
except in two. experiments ;: and even:those ex-

cesses, '1 had .goad reason to believe,.. sere occa- -

yioned by some disorderin:.the machine, - How-
ever, if the elasticity. of watery : vapour h¢ as gicat
as it is usually esteemed, :(a point far from bemg
ascertained
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ascertained’ at present) it is not impossible, but
something of this kind may take place inthe firing
of large quantities of powder. A

oo - PROP.XL . .
To investigute the Velocity which the Flame of
- 'Gunpowder acquires, by expanding ‘itself, sup-
Ciposing it be fired in"a given.Piece of Artil-
= lery, - without either a Bullet or any other
Bodybeforeit. - o '

f r the whole substarice of: the powder: was con-
verted into ‘an elasti¢ fluid at the instant of the
explosion ; then; from the known elasticity of this
fluid iasdigined -by ouwr theory, and its known den-
sity, 'we 'conld easily determine the velocity with
which it weuld 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, it which the activity of the gunpow-
dér: consists;is “only 1% of -tlse substance of the
powder;! the remaining % will in the explosion- be
mixed with the ¢lastic 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
oxie: comnent niotion, -biit: the unelastic part will be .
less atcelerated than the rést; and soine of* it will
nét even be cairied -ont of the barrel; as-appears by
the eonsiderable quantity bf unctuaus'matter which
adheresi to.-the insidé of all fire-arms; after they
“have beenused. : - - v
" - These inequalities it -the expansive motion of
the flame oblige .us to'recur to experiments for its
accurate determination.” ¢} - e
- 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
ASAN
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in the seventh proposition ; 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 substance of the
powder was supposcd to strike against the pendu-
lum, and each part to strike with the same velo~
city, that common velocity must have been at the
rate of about 2650 feet in 1. "This, then, is the
least velocity, which the'powder ¢ould be supposed
to acquire in its expansion ; for if we suppose the
elastic part to acquire a greater velocity in exs
panding, than the other gross vapout, (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.pew-
der. As some part.of the velocity of the flame was
lost in passing through 19 inches of. air, ;I .made
the renjaining .experiments on this subject in a
manner not liable to that inconveniesee:. .. - -

I fixed the barrel-A on the pendulum, so that it
axis' might be both horizontal and alse perpendi-.
cular ‘to.;the plan¢ IIK; or, which igzithe same
thing,. that it might be in the plane of the.pendu-
~lum’s vibration ;. the height of the: axis of the pidce
above the centre of the peadulum was six inches;
and. the weight.of the.piece, and of the iron that
fastened it, &c¢. ‘was 11lh4.!: The barrel in this-sis
tuation being chargéd \vith 12dw. of powder, withs
out either ball or wad, the:powder. only.pus.toge-.
ther with the . rammer; on the discharge the pen~
dulum ascended through an arch,.-whese. chord
was 10 inches; - or reduéed-to an equinalent blow
in the centre. of the pendulum, supposing the bar-
rel away, it would be 14,4 inches neanlyt. - . .

The same, experiment repeated: again, - the chord
of the ascending.arch was 10,1 inches, which re-
duced to the centre, is 14,6 inches. '

To determine what- difference of velocity there
was iu the different parts of the vapour, I loadfd
' ' ' the
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the 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
presently acquire that- velUclty, withwhieh the elas-
tic part.of the flnid woulil expand ‘itself: when un-
compressed ;- and I accordingly found - that the
chord of ‘the -ascending arch, was by’this means
augniented to 12 inches. or at the centre-to 17,
whence, -as’ the medium of the other two ex
ments is 14,5; the pendulum ascended throug an
arch 2,8 inchies longer; by the additionat motion of
1dw. of matter moving with - the velocity of the
swiftest part of the vapour;-and consequently, the
velocity,  with. which this:1dw. of ‘matter moved,
was that of about 7000 feet in 1°.

1t #ally perhaps, be objected to 'tlns- detenmna-
tion, ‘that the-asgraentation of the arch, through
whick sthe-pendulutevibfated in-this case; was not
alt of it owing to' the quantity, of ‘motion given to
the wad, but part of it was Eroduced by the con: -
finemetitof: the: powder,and the greater quantity
thereby. fired. But if it were true that a, part ouly
of the ‘powder fired, when there:was no wad, it
WOul_d not-happen; that .in firing diffefent quantl-
ties of pewder: without'a - wad, the cthord of the
ascending anch would increase and decrease mearly-
in‘the ratio ‘of 'those quantities, which yet I have
fourd: it:to: do ; for with:9dw. that chord was 7,3
- me¢hes, -which __thh ‘Tedw. we have seen was but
10; and 10,1; dnd"esen:with 8dw. the'chord was
2 inéhes ; deficiens. from’ this - ‘proportion by ,5
only§ for which dofect too, othet vahd reasons are
to bé-assigned. i i S Lo oot Ty i
" And there is sm!tl'a n'iore convmcmo' ptodf that
ol the powder s fired, ‘although no wad be placed
- before the charge ; whnch is, that the part'of the
recoil arising from “tire- expansion. of the powder
- alone, is “found- t6 be no greateér -when it impels a
leaden bullet before it, than when the same gquan-
. ) 0y
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tity is fired without any wad to confine it: We
bave scen- that-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 ehord
of that arch when the .piece was charged .in the
customary manner with a bullet and wad, I found
to be the first time 223, and the second time 295 ;
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 velocity they had -acquired
ati the mouth of _the piece, would drive it through -
an arch whose:chord wauld:.be about- 12,3, as-is
kuown from the weight:of the. pendulum, the
weight and position of’the barrel, and the wvelocity
of the bullet,  determined. by, ouz formey:experi-
ments; whence, subtracting thi: number 12;3 from
22,56, the remainder. 10,26, s nearly the.¢hord: of
theareh, which the pendulum-would have ascended
through, from-the expansion of the powider alone;
when fired with a bullet before it ; and this number
10,26 .differs yery little from" 10,1, wliich'we have
above found to be the chord of .the ascending arch, -
when the same quantity of powder expanded itself
freely, without either bullet oriwad bsforeit.. .
.sAgain, that this veloeity-of 7000 feet in 1ds not
much beyond..wvhat tha:most. active part of the
flame acquires in.expanding, is evinced trom hence,
that we have above, in the 38th experiment, an. in-
stance of a ball actuglly 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 celernty;;
conscquently, the degree of swiftness. with which
in this instance the powder fallowed the.ball;with-
out losing any part of its pressure, must-have-beea
much short of what the powder alone would. have
expanded with, had not the ball been there. -
Aund it is this prodigious celerity of'_ex-papsio;;‘
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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 1t 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
' ' ' - H B
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to its true and genuine value, independent of the
partial estimation of the times they live in.

From the determinations contained in this. pro-
position, the force of petards may be deduced,
since their action solely depends on the impulse 6f
the flame : and it appears, thata qu‘antit]y 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

1o ascertain the Manner in which the Flame 0f
Powder impels a Ball, which is laid at a con-
siderable Distance from the Charge.

Wr have, in many of the cx‘perix’ncnts recited
by us above, .laid " the ball not immediately conti-
guous to the powder, but a small distance from it ;
the greatest interval, however, has not amourntéd
to more than about ; inch, from the hinder part
of the bullet to the nearest part of the powder ;
and, in these cases, we havt scen, that the theory
agteed very well with the experiments: but if'a
bullet'be placed at a greater distance from the
powder, suppose at 12, 18, or 24 inches, we’can-
‘not then apply to the motion of this ball the séme
principles which, in the 7th proposition, we have
applied ‘to such as are contiguous to the powder,
or nearly so ; for we have scen, in'ﬂw last proposi-
tion, that, when the surface of the fired powder'is
not confined by a lieavy body, 'which it 18 obligéd
to impel béfore it, the flame dilites itself with'a
velocity much beyond what it' can at any time
communicate to a bullet by its continued ptessure;
consequently, as in the distance of 12, 18, or 24
inches, the powder will have acquired a consider-
able degree of this velocity of expansion, the first

motion of the ball will not be prodiiced by the . -

1 continued
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continued pressure of the powder, but by the ac-
tual percussion of the flame; and it will therefore

begin to'move with a.quantity of motion propor-

tioned to the quantity of this flame, and the velo-

cities of its respective parts. .

¥rom 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 proposi-

‘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 1';
when, if' it had been 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
‘what1#eas laid down in the last proposition about

the velocity.of expansion,.and the elastic and une-

lastic parts of the flame. R
"~ 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 pieee 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
will: thereby be condensed prodigiously ; 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 .. reasonng
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. reasoning 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 whicﬁ 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 ot 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 unifornly as I could, through the whole cavity
left behind the bullet; imagining. that, by this
‘means, the progressive velocity of the flameiin each
part would be prevented by the expansion of the
neighbouring parts : and I found, that the ball be-
ing .laid 115 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.

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 surfaclc

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. XIIIL

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-I
here propose to enumerate, as far as they have.
come to-my knowledge. '
. But, 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
- llave 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 gifference be;
tween them. -I have likewise compared it, in fre-
quent trials, with some Spanish powder, taken out
- of the 8¢. Jago prize; and though, if I were to give
my opinion, I 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 never been able to pracure _any{
' H s RN
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of their powder myself. But it must be reméni- .
bered, that when I speak 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, I have yet met with, is
some which 1 am told was made 1 Holland ; its
force, compared with that of our government pow-
der, is nearly as § 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 .
greater expénce, than what would be repaid by its
additional strength. P

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

The common sale powder here in England, such
as is to be had at every grocer’s, is much worse
than the government or the baztle powder, and
extremely various, according to the caprice of the
maker. I have tried some, whose strength has been
in proportion to the government powder, as @ to
3 nearly, and other parcels have been still worse;
* but the worst of all is the powder made for the

African trade, usually style({) Guinea powder: but
these weaker powders are not worth examination,
as there is no established standard for their com-
position.

Noiv 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. : g '
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
.€harcoal, 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
H 4 ‘ : [\
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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 is not augmented so much as it would be, .
if a larger quantity of saltpetre lfad 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 secms 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 propor-
tion in the mixture of the materials, which will best
contribute to this purpose, and consequently to
the perfection of the powder. o
~ What this propottion is, has been ascertained by
experience; and it seems now to be generall
agreed, that in any quantity of powder 3 of 1t
should be saltpetre,”the remaining i consisting of
equal quantities of sulphur and charcoal. ‘ This is
the proportion followed bg the French, and 1 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 % 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 Engl(ma{ 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,
1s the mixing them well together ; if this be not ef-
fectually done, some parts of the composition will
have too much saltpetre in them, and othe;s too
: ittle 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 1 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

- cast, with its bed, according to a determined pat-
tern, which is the same throughout the kinngr{l\ :
: : this
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this mortar is always pointed at 45° and it con-
tains just three ounces of powder; and it is a
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:French fathom.

It has becn 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, and
the delay so great, that no business of this kind
could ever be finished ; and if a number of barrels -
are reccived. 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 cxception, which to
me has much more weight; and thatis, the mon- -

* - strous disproportion hetween 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 cscapes through the
touch-hole, or by the side of the bullet; so that
the quantity of motion produced by the explosion
is, in this mstance, but littlc more than half of
what it ought to be, if the powder acted on the
* bhall with its full force undiminished by these accis
dents ; conscquently, as this diminution of force
gy not be always constait, the action of the
same powder, by the varying of these adventitious
. circumstances, may, at different times, convey
the hall to different distances.

Now this last exception docs no ways 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
much more accurate, less laborious, and readier
than the other, yet, as there is some little atten-
tion and caution required in this practice, which
might render it of: less dispatch .than might 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 weigling out of a small parcel of
powder from each ‘barrel should be the greatest
gart of the labour; and, doubtless, three or four
ands could, by this means, examine 500 barrels
in a morning ; besides, ‘the machines for this'pur-
g:se, as they might be made of cast iron, would
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. L

BEFO 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 er-
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 thcrefore, 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 hereafter of the resistance of
the medium being increased or diminished by the
varying of the velocity, we shall not hereby in-
clude that increase 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-
derstind 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. :

' PROP. 1L

To describe the gené}al principlés of the Resist-
ance of Fluids to solid Bodies moving in $hem.

j I8 order to.conceive the resistance of fluids to
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 pétmitting for an instant any vacuity to remain -
behind it; and those fluids in which (they being
not sufficiently 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 moving therein would be
easily computed, from the quantity of motion com-

" - municated to these particles: for instance, if acy-
o Tindex
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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 cylinder be known,
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, consequcntly the resistance would be
_hereby ascertained.

In this kind of discontinued 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 nelghbourmg
ones ; wherefore, if, mstcad of a cylinder moving
in'the direction of its axis; a body, with a surface

" oblique to its direction; be supposed to move in
such a fluid, the motion the-parts of the fluid will
hereby acquire, “will'not ‘be in-the direction of the
resisted body, but’ perpendicular to its oblique
surface ; whenee the 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 only, which is in the direction 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 changes m the resist-
ance, although the section of the solid by a plain
pérpendlculm to its direction should in all cases be
the same. And Sir Jsaac Newton has particularly
determined, that in a fluid thus constituted, the
resistance of a globe is but half the resistance of
a cylinder of* thesame diameter, moving in the di-
rection of its axis with the same welouty

But-though the hypothesis of a fluid, thus consti-
tuted, be of great usc in e\plamhg the nature of

reblsta.nces,
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resistances; yet, in reality, no-such fluid does exist
~ within our -knowledge: all the fluids, with-which
we are conversant, are so formed, that their parti-
cles either lie contiguous'to cach other, or at least
act on each other in the-same manner as if they
did ; consequently, in'these fluids, no one patticle,
contiguous to the resisted body, can be moved,
without moying at the same time ‘a great number
of 'others, some of which will be distant’ from it ;
and the motion thus communicated to a mass éf
-~ the fluid, will not be in any one detérmined direc-
“tion, but will in each particle be different; -accord-
ing to the different manner in which it lies in con-
tact with those from whence it receives its impudse ;-
whence, great numbers of the particles being di-
verted “into oblique ditéttions, the -resistance . of
the moving body, ‘which will' depend ‘on the quan-
tity of motion comfitatitcated  to the fluid: in-its
+own direction, will be Hereby different in quantity,
" from what it would be'in the preceding supposi-
"tich, "and'its estitiiition becomes much more com-
‘ plicated and’ operose. ' oo
- If the fluid be compressed by the-incumbent
“weight of its upper’parts (as all fluids ase with us,
“except at'their very surface) and if the velocity of
the moving body ‘be much’ less than that with -
“which thie parts of the fluid would rush into avoid
- space, ‘in consequence ‘of their compression, “it is
evident, that in this’ case the space left by the
moving ‘body wilt be instantaneously fitted up by
“the fluid, "and the parts-of the fluid against which
the foremost ‘part of 'the ‘body presses in its mo-
" tion, ‘will, instead of" being “impelled forwards in
the direction of the body, circulate in some tiea-
sure towards ‘the hinder part of the body, théreby
“'to restore the equilibrium, ‘which ‘the constant in-
“flux of the fluid behind the body would otherwise.
destroy ; whence ‘the progressive ‘motion of" the
‘fluid, and consequently the resistance of the body,
Co o whdn
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which depends thercon, 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 bor%y 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 differcnt 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 fore2
most surface of the moving body would diminish-
the resistance; but in compressed fluids this holds
". not 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, impclled 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 JTsaec

Newton,
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Newton, 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 cantion, 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 musket and cannon-shot
-to be but one third part, of what I have found it
by experience. : T
Indeed, from all we have said, it appears plain
enough, that the resisting power of ~t§evmediuui
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 di
rection, in which they are impelled by the resisted
surface; whence this specics . of resistance ap-
proachés 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 discontinued fluid to a cy(llinq _
TR er,
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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. Ina globe the difference willnot

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 confine
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-
' grcssed fluid with a very great velocity, will be
etween that of a globe and 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 propostion to its

velocity, 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, thata 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 suffitient to prevent a vacuym be-
"hind the resisted body ; but we must consider it as
diminishing only, according as the velocity, with .
which the parts of the fluid follow the body, ex-
ceeds that, with which the body moves. :

Hemce 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 Jsaac 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. . .- ¥

And from this determination we hay learn, how

: E 12 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 obsérved 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
proposition, 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
ilace(t in that part; and tﬁereforc charging a mus-
et-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 coultrnot 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
feet 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 ig70
eet
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feet in ‘1, in the second -case with a velocity of
1550 feet in 1"y~ 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 spacc*-being about wiyor 4% of 17, the
medium quantity. of resistance’ must, “in these in~
stances, have been about 120, times the weight of
the bail, :which (as the ball was nearly -*; 6f a
pound)-amounts to about 10lb. avoii'du"rois. S
. Now if a computation be made according to the
method laid down for compressed fliids in. the 38th
proposition; lib. 2. of Sir Jsaac' Newton's Prin-
cipa, supposing the weight of water'to be to'the
weight of air, as 850 to 1, it will be found, that
the resistance to a globe of } of an inch diameter,
~ moving with a- velocity of about 1600. feet. i
1”, will not, on those’ principles; amount to .any
. more than a force of 4;lb. avoirdupois; whenee;
as we know, ‘that the rules contaiged in that pros
osition are very accurate in slow metions, we may
ce conclude, that the resisting power of the an’
in slow motions is less than in swift motions id the
ratio of 4% .to 10, a proportion between that of ¥
to2and 1 to'3. L R Lo
Again, 1 charged the same piece, a number of-
times,” with equal quantities of powder, and balls
of the same weight, taking all possible care o
givé to -every shot.an equal velocity ; and firing
three times, against the pendulum, placed 25 feet
only. dist#it from the mouth of the piece, the
mediith of the velocities with which the ball im-
pinged, - was_nearly that of 1690 feet in 1*: then
‘removing the piece. 175 feet from the pendulum,
I found, taking the medium of five shots, that the-
velocity with which the ball impinged; at this dis-
tance, was that of 1300 feet in' 1; whence the
ball, in passing through 150 feet of air, lost a
velocity of about 390 feet in 1; and the teswy-
. I3

ANCe
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‘ance computed from -these numbers comes ont
something more than 'in the preceding 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-
tions is greater than in slow ones in a ratio, which
approaches nearer to the ratio.of 3 to 1, than in
tEe receding experiments. .- L
aving thus ascertained the resistance to a ve-
locity of .nearly 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
¥ charged the same barrel-with . balls of the same
diameter, butAvith' less powder; and placing the .
pendulum at- 25 feet distance from tl:e iece, I
fired .against. it. five times -with- an equal charge
each time ; the medium velocity, with whi¢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 wus that of 950 feet in 1”; whence
the ball, in passing .through 225 feet of air, lost
a velocity .of 230 -fect in- 1; and as it
through that interval in about o of 1%, the resist. -
ance to the middle velocity will .come out to be
near 33; times. the gravity of the ball, or 2lb.
100z avoirdupois.. Now the resistance to the
same velocity, according to the laws: observed in
slower motions,. amounts to o of thé same quan-
tity ;. whence, in a velocity..of . 1065 feet in 17,
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 experiments, that to
still greater degrees of velocity, the augmentation
approached very near to the ratio of 1 to 8. .
But farther 1 fired three shot, of the same size
and weight with those already mentioned, over a
large piece of water; so that their dropping into:
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 5.  According to the theory
of resistance established for slow motions, the first
shot ought to have spent no more than 3',2,* in its
flight, the second 8,28, and the third 4'; whence
it 1s 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
feet in 1. L L

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 Zsaac 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

' . 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 : that is, to the
velocity of 313 yards or 939 feet per second, the actunal 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 my Philosophical Dictionary.

+ {‘he 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 thel experiments, as ht be e.xge\x‘{td

' ' 4 : \\0 .
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theory; 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 theory; that therefore
the resistance is not'in the duplicate proportion of
the velocity of the moving.body, as is usually as-
serted, but varies from that proportion according
to the different compression of the fluid compared
with the velocity ; consequently, from the consi-
deration of these particulars, wé 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 hot be ascertained with the least degree of
certainty ; and therefore the art of gunnery could
not but continue 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 beenabled
more definitely to-compute the motion of projec-
tiles, it is necessary that we should assign the rate
of this augnientation according to the different ve-
locities of the:tesisted body. This shall be the sub-

Ject of our next proposition.:

PROP. 1II.

Yo assign the different augmentations of the re-
sisting power of theair according tb the diff er-
ent velocities of the resisted bidy. .

A's no large shot are ever projected in practice
with velocities exceeding that of 1700 feet in 1%

S T have

) ' P S

from his thantrer of making theth with only musket balls, wag
with machinery less perfect than mine, thade with casmon balis.
Howtver, the greatest increase that Mr. Robins found, in page
133, s only 4} to 10, or 1 to 2}, considerubly short of 1 to
3; wherels the greatest increase in my ekperimrents, is xwther
Shott of 1 to 2% 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
this treatise. - :
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 nearly exhibited :

- 1 ) 2
-~ — — Y —

A C B R * A

. Let AB be taken to AC in the ratio of the velocity
of 1700 feet in 1", to the given velocity to whict
the resisting power of the air is required ; conti-
nue the line AB to D, so that BD may be to AD,
as the fesisting power of the air to slow motions
is to its resisting power to a velocity of 1708 -
feet in 17, 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 répresented
by AC.* ' ,

PROP. 1V.

To determinie the velocities with whickh musket and
cannon-shot are discharged from their-respects
tve pieces by their usual allotment of pewder.

Frox the computations of the 7th proposition of
the 1st chapter, coufirmed by:the succeeding ex-
periments, it plainly appears, that a leaden ball of
"z of an iach in diameter,. and weighing nearly
170z. avoirdupois, if it -be fired from a barrel of
45 inches in length, with half its weight of pgw-
der, will issue from that piece with a velocity wg?c};;
_ * Tnstead -of fhis rule, if we employ 'the'a,ct'u,ﬂ'i-ééis’tancéxsa
" 8own for every degree of velocity, in my general table qavtéd
* im'the two preceding notes, we shall come nearer the trath. W,
: o or Bt

\
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if it were uniformly continued, would carry it near
1700 feet in 1" : AP
If instead of a leaden ball, an iron one of. the
same diameter was placed in the same situation 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 24lb. 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, instcad of a quantity of powder
weighing two-thirds of the ball, we suppose the
charge to be only half the weight of the gall, then
its velocity will, on the same principles, be no more
than at the ratc 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
ieces of artillcry, this proportion does not always
old, yet thc_dif%eréncc is not considerable enough
to occasion a very great variation from the veloci-
tics here assigued ; as will be obvious to any one,
who shall make a computation thereon. ,
But in these determinations, we.suppose -the
windage to be no more, than 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
A 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 velocity of the shot, in this case, may
be considerably less than what we have assigne({ '
However, part of this may possibly be compen-
sated by the greater heat, which (as we have ob-
served 1in the sixth proposition) in all probability
attends the firing of these large quantities of pow-
der. - o o

‘COROLLARY.

- From the.great veloeity of cannon-shot, assign-
ed 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.-+ ‘The difficulty, I mean, is.the extent
of the supposed point-blank shot, or the distance
2o which it is conceived to fly in a straight line.
Our Anderson having found, by many‘experiments,
that the track. of shells' and bullets, in the first
part of their motion, was:much less incurvated,
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 eertain distance from the mouth of the

iece, . in a straight line, or that for some distance

t 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
présume, formally to confute so strange a:suppo-
sition as_that of the suspension of the action.of
gravity. Indeed, 4Anderson was deceived, by his

not knowing how greatly the primitive velocity of | -

Me
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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, i8 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 powder, will, at the . distance of 500
yards from the piece, be separated from the line
of its original direction, by an angle of little 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 consequently 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. :

In the present proposition, the: velocity of a shot
is determined, both when fired with two thirds of
its weight of powder, and with half its weight of
powder, respectively; and, on this occasion, I must
remark, that on the principles of the theory, which
we have ascertained in this treatise, the increasing
the charge of powder will increase the velocity of
the shot, til the pawder arrives at a certain quan- .
tity ; after which, if the powder be increased, the
velocity of the shot will diminish. The quantity
producing the greatest velocity, and the propor-
tion between that greatest velocity and the velocity
communicated. by greater and lesser charges, may

be thus assigned. -
Let

1
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Let AB represent the axis of the piece; draw
AC perpendicular to'it, 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®. . .

I, 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 from 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, 351, edit. 4th. But the same thing deter~

-. mined by experiments is rather less than this number 271323,

. inall the various lengths of cannon; as may be there seew. Yo

1



142 NEW PRINCIPDES

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 on its Smg'ace :

amounts to more than twenty Times its Gra-

" wity.

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 feet in 1’
amounted to 10lb. Now we have seen, in the
last proposition, that an'iron bullet weighing 241b.
if fired with 16lb. of powder, (which is usually
esteemed its proper battering charge) acquires a
velocity of about 1650 feet in 1°, scarcely differ-
ing from the other; whence, as the surface of this
last bullet is more than fifty-four times greater
than the surface of a bullet of  of an inch 1 dia-
meter, and their velocities are nearly the same, it
follows that the resistance on the larger bullet will
amount to more than 5401b.* 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 propositions are particularly
aimed.

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

posed
~ * By my cexperiments, the resistatice amounts to", more than
5601b. or 24 tincs the weight of the,ball. . . -
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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 tﬁence been too rashly conclud-
ed, that the interruption, which the ponderous
bodies of shells and bullets would receive from so
rare 2 medium as the air, would be scarcely sensi-
ble, and consequently that their parabolic flight
would be hereby scarcely affected. o

Now the prodigious resistance of the air to a
builet of 241b. 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 awr’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. But, 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. - ' s
" 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. :

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

‘ . horizonta\
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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-

les, but with the same velocity ; then its greatest’
rorizontal 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, according to
the common theory 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 harizontal 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 linc of projection is
inclined to the horizon. :

Post. 7. 1f 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. . _

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 parabelio
track ; we shall .thereforc effectually . destroy the
common theory of projectiles, if we can shew, that,
in general, none ofP these postulates correspond to
_the observed motions of these bodices.

3 PR(’)P-
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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. g ‘

Fon .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 powder, from a piece 45 inches long, moves
with a velocity of near 1700 feet in 1. Now, if
this ball flew in the curve of a 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 15 oz. weight (which is very near our 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
+of powder, at an elevation of 45°, flies not the %
part of the distance it ought to do, if it moved in
a parabola. ‘ . '

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. A

Again; lest it should be said, that this aberra.
tion of the flight of a mﬁsket-ball from the curve



146 NEW PRINCIPLES

of a parabola, is no 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 powdcr, has a velo<
city of 1650 feet in 1, as we have determined in
the fourth proposition of the present chapter.—
Now if the Konzontal 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 threc miles: and St. Remy
informs us of some experiments made by Mr. du
Metz, in which the range, at 45° of a piece ten
feet in length, carrying a ball of 24lb. amfcharge,d
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. '

But farther, it is not only when projectiles are
moved with these very great velocities, that their
flight sensibly varies trom 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 iherc are few projectiles, that can
be thus examined, which do not visibly disagree
with the first, second, and third postulate, t ey
obviously descending through a curve which 1s.
shorter, and less inclined to the horizon, than that
in which they ascended ; also the highest point of
their flight, or the vertex of the curve, i1s much
nearer to the place, where they fall on the grou}t:d,
than .
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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 with a 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° §',
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 of? 700 feet in 1", the horizon-
tal range at a medium was 690 yards.. )

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-

1y, 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
: "Ke o - e g
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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 clevation 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.

Having thus proved, that the track -describéd
by the flight, éven of the heavicst shot, is neither

a Karabola, nor approaching to a parabola, except
when they 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
bodics really trace out in their motion through the
air: but, as a specimen of the great complication
of that subject, I shall here insertan account of a-
very extraordinary circumstance, which frequently
takes place therein. _ .

- As gravity acts perpendicularly to the horizon,
it is evident, that if no other power but gravity
deflected a projected body from its rectilinear
eourse, its motion would be constantly performed
in a plane perpendicular to the horizon, passing
through thic line of its original direction: but we
have found, that the body in its motion often de-
viates from this plune, 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
in 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
I perpendicular
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perpergicular to the horizon. The truth of this
assertidn we shall evince by indisputable experi-
ments. o

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 Dircection by the Ac-
tion of some other Force. o

' IF 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, sheuld
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 In 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 betwecrn
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
amouth of the’ piece, .and afterwards separating in
the manner of a curve and its tangent, if the
amouth of the piece be considéred as the point of

-«¢ontact. ' : . o
- But that those, who have not been themselves
[ccustomed ta those matters, may entertain na

doubt about what we here assert; I shall recwe
K3 ; somQ.Al



150 NEW PRINCIPLES

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 14 foot square,
which was placed at 180 feet distance; for I .
found, that in 16 successive shot 1 missed the
board but once. Now the same barrel being fixed
‘on the same carriage, aud 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. I 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,
it appearcd 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 not the line of
its flight been bent round to the right or left as
well as downwards. :

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 50 different

: from

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

gure changed by the action of the powder, nor by striking
against tho sides of the bore. H. P
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from what has been hitherto supposed? And to
this I answer, that the deflection in question must

be owing to some power acting obliquely to' the

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 what it 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 ﬁroposed 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 importance 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 irregulas.

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

K4

-
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PROP. VIIL

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 different 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 ux 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 53
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 consjdered, 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 ; of an
inch in depth.
- Now 55, 10, 8, are nearly in the duplicate pro-
portion of these velocities; whence, 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 . and 3, which -
are what we have found in our experiménts; 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 duplis
. cate



OF GUNNERY. 153

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 hy the stroke, are not so proper to determine this point,
as cast iron-balls, witli 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. JI.
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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,
17438, and printed in the Philosophical Trans- -
, actions, No. 469. ,

THIS 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
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 writers on
+ this subject. - : S 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 by
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.
. . , _ evinced

“
o
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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 ; sa .
that the author presumes he may consider 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,
cateris 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 from the double quantity of
powder, was nearly double 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 reasonings on the force of powder in some
measure depend on it. In reply 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 betore this Sociery, though with a
different view; where, by the firing of twenty-six
quantities of powder successively, the mercuriat
g: e was sunk from twenty-nine inches and a'
f, to twelve three fourths; for by comparing
these experiments together, and making the ne-
cassary 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. ' :
In this proposition, the analogy between the
fluid produced by the explosion of powder and
- common air, is established thus far, that they
:exert equal elasticities in like circumstances; for' -
this variation of the elasticity, in proportion ta
the density, is a well-known property of common
_ai.  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 al}
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 cold; and that
they vary their densities under different degrees
of 1mpression, 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 name.
' 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 demsity ; 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
o 3 uiged o
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urged for the support of the last in the cight 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 expec-
tation, and therchy both of them receive an ad-
ditional confirmation. '

The quantity of the elastic fluid, produced by
the firing of a given quantity of powcfer, 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-
crcase 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 temperaturc 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 incrcase of the elas-
ticity of the fluid by the fire and flame of the ex-
plosion. For this purpose it is examined in the
fifth proposition, how much the elasticity of com-
. mon air 18 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 contained 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
some 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. o

But, besides the determination of the quantity

of fluid, produced by a given quantity of powder,
(the 'metEodv on which this deduction i$ founded)
there is another method of discovering the same
thing, which, though less obvious, is yet (as hath
been already observed) more accurate th-ax."\:, ) 4
o AN 1%
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by examining the actual velocities communicated
.to bullets by the explosion of given charges in
given cylinders; and this is the subject of the 7th,
8th, and 9th propositions.

‘And first, 1t 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,
cither 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-
thesis 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 resistance,
the velocities thus found may be less in any ratio
giveu? 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 this invention, the ve- -
locity of the bullet is found in any point of its
track, iudependent 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 only the
the original velocity, with which it issues from the
picee, 1s hence known, hut also its velocity -after
1r 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 tor 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
mmotion strikes on another at rest, and they are
uot 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 which 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 thenée, and
the krown 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-
pinged, will be determined, as is largely explained
in the 8th proposition. Where note, that there is
a paragraph 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 explaired 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 methed of

effecting this was by Eomputin_g, what velocities
. : 9 o

wolnill
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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 of 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 different experiments,
it would appear, whether that force was rightly
.assigned ; and if not, in what degree it was to be
corrected.

Preparatory to 'this computation, the author
assumcs, in iis 7th proposition, these two prin.
ciples : ' :

1s¢, That the action of the powder on the bul-
Ict 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. 4

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 thesc postulates would be
doubtless erroncouns, since it cannot be questioned
but the flame acts in some degree on the bullet af-
‘ter it is out of the piece. _ o

But it is well known, that, in experimental sub-
jeets, 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 expcriments made use -
of for confirming the laws of the collision of bo-
dies, have ncver been found absolutely to coin.c;de

either
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¢ither with the theory, or with each other. The
same is true of the experiments on the running and
speuting 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
" somnetimes 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 1n 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 pretendec{), without disclosing his me-
thod, to have computed the force of powder, ‘and
the velocities of bullets, in different eircumstances,
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

~ Ls: : fowce
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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. w-
sible to have proceeded onc step in natural philo-
sophy ; since no mechanic problem hath been ever
solved, in which every rcal inequality of the mov-
ing force hath been considererl.

Now what induced the author to suppose, that
this postulate (though not rigorously truc) 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 Soc1ery
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° velocity 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
ot five inches, and where of course this deficiency
. e . _ of

-+ * See 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 ,
particularly examined, it is neccssary 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 concluded 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, whici 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 o \eogdn, ]
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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 threc inches of
its expansion, was, at a medium, near cight 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 was
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 ; conscquently 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. : S

And again, when the barrel was so shortened,
that the bullet, being placed close to the wad,
lay with its outer surface necarly 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 % of the charge: an obvious confutation

of’
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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 4%, 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. Theau-
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 powder
‘remaining unfired, in similar experiments made by
the author. . :
And from hence it follows, that in the experi-
" ments made with a barrel 53 inches in length,
where the ball had not 3 inches to move, and where
the irregularity arvising from the powder unfired
ought to have been the most sensible ; the quan--
AR\N 4
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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 % 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 44 of
the charge, would be about 4% of the whole velo-
city only, which, in the present case, is not 4% -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 all cases 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 supl)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. .

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



N

'OF GUNNERY. 71

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 conf{ltation 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. ' ' :
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
_necessary 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 times successi;re,--
o “ Ys
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. ly; and he will undertake to rcpeat the experiment
at any time, if it should be doubted of.

The postulates, hitherto discussed, arc 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 sucl); as occurs in but few
philosophical subjects of so complicated a nature.

By this agreement betwcen the theory and the
experiments, each part of the theory is separately
confirmed; for by firing different quantities of

owder in the same 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 itis
" 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

powder, and in small pieces, but in the largest -
likewise, 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 greater, than what are used by
" this author; and in thesc trials this circumstance

. takes place to sufficient exactness.

Itis presumed then, that by this theory a near
estimate may be always made of the velocities com-
.municated to shells or bullets by given chaiges of
' _ powdcr;
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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 princ 1ple nearly holds: itis trueindeed, that
when the charge is much smaller than the usual
allotment of powder, there are some irregularities,
which are'paiticularly mentioned at the end of the
9th proposition, fo 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 rea]ly such, as the theory laid down in the
precedmg 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 computatmn .
The ascertaining the force of powder and
thence the velocitics of bullets impelled by its ex-
plosion, and the assigning a' method of truly de-
termmmg their actual v e]ocmcs from e\pcrmlents,
are points, from whence every necessary principle -
in the formaticn or man gement of artillery may
be easily deduced : consi&ermg, 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 on a subject,
which, though of a most scientific nature, and of
the greatest consequence to the public, hath been
hltherto 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
Wit
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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 SocieTy, in order that
any exceptions or difficulties relating to them, may
be examined and discussed, before they are pub-
lished to the world. . :
*«* dccording 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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RESISTANCE OF THE AIR.

THAT all bodies moving through the air have

their motions in some degree 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, 1if 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 guunnery, the resistance of the -
air was too inute to merit attention. And I do
not remember, that any author has formally or
expressly contradicted this position; whatever may
in general beconcluded, 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-
. ‘ ~ Co ) “lv
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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 bodics 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 cxperiments of my
own, and from geometrical deductions founded on
the unquestioned experiments of others ; it is high-
ly nccessary to remove, in the most unexception-
able manncr, these false positions, authorized by
great names, and confirmed by the prescription of
near an age.  For, till this is done, all attempts to -
compleat the theory and practice of gunnery must
necessarily be ineffectual : sinee, as.I am fully sa-
tisfied, that the resistance of the air is almost thé:
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 caudid hearing to any discoveries that
may depend thereon, but, on the contrary, every
specnlation-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 twelve
pound iron bullet, moving with a velocity of 25
tect in a sccond, is not less than half an ounce
avoirdupois. . '

Second, 'T'hat this resistance is nearly in the du-
Klicatc proportion of the velocity of the resisted

ody ; that is, that it is four times as much, when
the resisted body moves with twice the velocity ;
nine times as much, when it moves with three
times the velocity, and so on.

These propositions may be deduced from the ex-
periments recited in the 8th section of the 2d book
of Sir Isaac Newton’s Principia. But to removlei

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 thete 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 12lb.

- 'shot, moving with a velocity of 25 feet in a se-

- cond, is thereby determined to be, what I have

(Y

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 121b.%; and to a velocity of 1000 feet in a
second, not less than 50lb. and to a velocity of
1700 feet in a second, not less than 144lb.;: and
this last velocity of 1700 feet in a second not be-

“ing very distant from that, with which a twelve
g very

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.
- M , S0k,



178 TRACTS

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 rosition 80 obviously absurd, that I flatter
myself, when the experiments, which I am now
goiug 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 these points being once established, -
I propose, in some future papers, to recount the
changes which will hence arise 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, 18
yet, in many instances, as easy and as concise a8
the erroneous computations founded on the para-
bolic hypothesis. »

% The cx;;eriments exhibited upon this occasion are hercafter
described in the first part of the third paper.

No. -
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‘ OF THE .
RESISTANCE OF THE AIR;

Together with the Method of computing the |
“Motions of Bodies projected in that Medium.

As1 have net 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; 1 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 thijs resistance, without being accused
of employing my speculations on a power that had
no existence. . '

After the expg¢riments 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 projectiﬂs 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
Zsaac Newton in his Principia. It is true, My,
- Mg o - Johwe -
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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 bc 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 collected 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 experiments suggested, that I should
be enabled to compute the niotions 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 Jsaac Newton’s Princi-
pia, in their comment printed at Geeneva in the year 1740, avow
this truth ; for, having given Bernoulls’s solution of this problem,
and discussed it at large, they add, ¢ Ex quibus manifestum sit
** vera trajectorie descriptionem aded perplexam esse, ut ex tlla
¢ vie quidguam ad usus philosophicos aut mechunicos accommoda-
‘¢ tum possit deduei”” That is, ¢ The description. of the curve;
¢¢ jm which a projectilec moves, is so very perplexed,.that it can
¢ be scarcely expected, any deduction should be thence made,
¢ which may be adapted cither 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 ot 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;, 1 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 ; 1 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. : L

First, That till the velocity of the projectile
surpasses that of 1100 feet in g secong, the resist-
ance may be estdemed to be inthe duplicate pro-
portion of the velocity ; and its mean quantity may
be taken to be nearly the same with that, 1 have
assigned in the former paper*. . = - )

. Second,

* These suppositions are not nearly carrect. In fact, l}y more

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 increasing gradually more and mare abave what is assigped
by that ratio, till we arrive at the velocity of 1600.0r 1700 feet

© per second, where it is at the greatest, amounting in that maxi-

mum state to only 2,5 times the gnantity vesulting from the ra-
tio of the square of the velacity. And at the velocity of 1100
. M3

Kok, ¢
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Second, That if the velocCity 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 secound,

instead of 1441b.;, 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 projectile be-
Fins to move with a velocity less than that of 1100
eet in 1'; its whole motion may be supposed to be
considered on the hypothesis of 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 is
evident, that both parts may be truly assigned on
' the
feet, instead of answering to that Jaw, it amounts to 1.86 times
the samd. In short, the rulc cannot be reducod to two cases
only, as here supposed, but must have a different rate for every
different velocity, according 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, I 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 propagated through the air. Indeed, 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 &
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 the last. Wherefore if the motion of a pro-
jectile 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 no
such increased resistance took. place. -

‘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 the distance to which the projectile would
range in a vacuum on the horizontal plain at any
angle different from 45° 1 shall call the potential
range of the projectilé range at that angle. e

And the distance to which a projectile really
ranges, I shall call its actual range. )

If the velocity, with which a projectile begins to
move, is known ; its poteitial random and its po-
tential range atany given angle are easily determin-
ed from the common theory of* projectiles :* or,

' : more

* The mecthod of computing the potential random. from the
tnown velocity of the projectile is thus. Find outby the theory
of falling bodies, what height the projectile must fall from té -
acquife the given velocity, then twice this height is the potential -
random sought. .

EXAMPLE.

Let the given velocity of the projectite be that 6f 1000 feet -

in 1“; then, since it is known, that a heavy body in falling 16
feet 1 inch, acquires a velocity of 32 feet 2 inches in 1”7, and
-the spaces fell through arc in a duplicate proportion of the ve-
. locities acquired by the fall ; it follows, that the descent for
CL M4 ' _ i_cquirin_(

..
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more generally, if either its original velocity, its
potential random, orits potential range, at a given.
angle are known, the other two are casily 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
solid iron bullet, it is a shell or a bulletof 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 theé proper F for the shell or
bullet given. The quantity F being thus as-
signed, the necessary computations of these resisted
motions may be dispatched by the thyee following
propositions, always remembering that these prapo-
sitions proceed on the hypothesis of the resistance
: being
e . . 1000*
acquiring a velocity of 1000 fect in a secoed lsTur'=15544
feet, which, doublcd, gives 31088 feet or 10363 yards for the,
potential - random sought, And, in thc samg manner, if the
potential random be given, the velocity of the projectile may be
found. For the number of feot, or half the potential random,
multiplied by 64}, and the square root of the product extracted,
that root will express the fect 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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'EXAMPLES.

An eighteen pounder, the diameter of whose shot
isabout 5 inches, when loaded with 2lb. of powder
ranged 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 be sought; this
may be solved with the same facility by the same
table. For if the given Eotential range be divided
by its correspondent F, then, opposite to the quote
sought in the second celumn, there will be found
in the first column a_number, which multiplied .
into F will give the actual range required. And
from hence 1t follows, that, if t]g1e 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 gtven, to which
the angle is sought; this will be determined by
finding the potential ranges corresponding to
the two given actual -ranges; then the angle -

* 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-
dom sought. Inlikemanner, when the true potential
random is 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. '

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 near'1700 yards, the
quote to be sought in the first column is 147, to

o which

* It may perhaps be unnecessary to ohserve, that the oper;-

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-
lnmn is 2,556 ; whence the potential range is near
4350 yards, and the potential random thence re-
sulting 17400 ; but tiis 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. S :

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, tﬁus 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.

.+ Given the actual range of a given shell or bu]let,
_ at any angle not exceeding 45°, to determine its
potential range at the same angle ;. and thence its

potential random and eriginal velocity. ‘ ’

SOLUTION.

Diminish the F corresponding to the shell or .
bullet given in the proportion of the radius tothe
cosine of + of the angle of elevation. Then, by

. . TMeANS
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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 range sought; whence the poten-
tial random, and the original velacity, are easily
determined. :

EXAMPLE.

A mortar for sea-service, clfarged with 30lb. of
powder, has sometimes thrown its shell of 12z 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 % 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 3 of thé
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 potential
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 easi}y 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 angle of ele-
: vation ;
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vation; its actual range at any other angle of ele-
vation, not greater than 45°, may hence be known.
For.the potential random will assign the potential
range at any given angle, and thence, by the me-~
thod of this corollary, the actual range may be-

: "EXAMPLE.

‘A fit musquet bullet fired from a piece of the
standard dimensions, with § of its weight in good
powder, acquires' a velocity of near 900 feet in a
second ; that is, it has a potential random of near
8400 yards. If 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 3 of an inch, and thence, as:
it is of lead, its profper.F is 337,5 yards, which,

reduced in the ratio of the radius to the cosine of 3

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 the actual range of this bullet at 15° was
required, 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
e v O U A

onote

4
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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 4% 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, producing potential:
randoms greatly surpassing tEe usual rate; then
in large angles some farther modifications may be
"necessary. And though, as these cases are beyond
the limits of all practice, it may be thought unne-
cessary to consider them; yet, to enable tht;:e

wao




| OF GUNNERY. = 193
who are so ‘disposed, to examine these uncommon
cases; I shall here inserta proposition, which will
determiné the actual motion-of a projectile at 45°,

" how enormous soever its original velocity may be.

. - But as this proposition wilt rather relate to specu-

lative than: practical cases, “imstead of supposing
the actual range known, thence to assign the po-
tential random; T shall mow-suppose the potential

- random given; and the actual range to be thence

Ly

investigated. -
PROP. HI

Given the potential random of a given shell or

- bullet; to determine its actual range at 45°.

SOLUTION.

. Diyide the given pdteﬁtial random by the F ¢or¥
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 F alF —TIZIS F, wherethedou-

. ble sign of 2IF is to be thus understood ; thatif q

be less than 25, it must be — 2IF ; if it be greater,

. then it must be + 2IF. [n this solution q may be 3

any number not less than 3, nor more than 2500.
COROLLARY. . |

Computing 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 i 21 F
10 F ' 2,6 F
20 F 3,2 F
30T 36 F
40 F 38 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 F to 7 I'; so that
an increase.of 2497F in the potential random, pro-
duces no greater an increase in the actual range
than 55 F, which is not its .- part; and this will
again be greatly diminished on account of the in--
creased resistance, which takes placein great velo-
cities. So extraordinary are the effects of this re-
sistance, which we have: been hitherto taught to
regard as inconsiderable. ,

" 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 pro(i)o -
-tion of its velocity. This table is computed b
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 clevation, it follows, that hereb
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
5 F - ,4208 F
;75 F ,5868 F
1,0 F , 7923 F
1,25 F 860 F
L,5- F - ,978 F
1,75 F ~— 1,083 F
2,0 F 1,179 F
25 F 1,349 F
30 F 1,495 F
35 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 2,097 F
65 F 2,169 - F
7,0 ‘F — 2,237 F
75 F 2,300 F
8,0 F 2,359 F
85 F 2,414 F
90 F 2,467 F -
9,5 F . 2,511 -F
10,0 F 2,564 F
1,0 F-. 2,651 F
13,0 F 2,804 F
150 F 2,937 F
20,0 F 3,196 F
25,0 F 3,396 F
30,0 F 3,557 F -
40,0 F 3,809 F
500 F 3,998 F .
Thus I have disj necessary
to insert in this p computa-.
tions of-the actual bullets. It

mnght now perhaps be expected, that I should ex-
N2 " emplify

~
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emplify these rules by applying them to the exami-
nation of a number of cxperiments 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 I have undertaken to establish, consists of
another branch not less important: I mean the
consideration of the action of fired powder, and
the assigning from thence the velocity and poten-
tial random of a given bullct impelled by a 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, titt 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
unobserved, is a matter 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. Co '
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, is affected by a third force, which
acts obliquely to its motion, and in 4 variable di-
,rection ; and which consequently deflects the pro-
jectile from its regular track, and from the vertical
plane, i which it 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 ench
time loaded and pointed in the same manner; and
this force operating thus irregularly I coneeive. lt)n
} c
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be the principal seurce 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 considerations. . ' -
+ It will easily be granted, I suppose, that no shell
or bullet can be discharged from the pieces gene~
rally in use, without rubbing against. their sides,
and thereby acquiring a whirling motion, as well
as a progressive one.” .And as this whirl will in one
part of its revolution 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
means the whole effort of the resistance, instead
of being in a direction opposite to the direction of.
the body, will- become oblique thereto, and will
producg those effects we have already mentioned.
If it was possible to-predict the position of the
axis,. round which the: bullet should whirl, and if
that axis was unchangeable during the 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 horizon; then
the incurvation 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 upwards or downwards. But as the fisst posi- -
tion of this axis is uncertain, 'and as it may perpes
tually shift in the conrse of the bullet’s:flight, the
deviation of the bullet is not necessarily either in
@ne certain dir‘ection,-n;}-;_ tending to the same side

: ‘ - I W
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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
irregularities 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 -projeotiles ;
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
true, 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 Londoen, I hope the experiments
I shall make in a 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 necessary for the
avoiding of - these divarications, I may. perha;
treat of in the course of some future'papers on the
subject. of gunnery. Co i fo
I shall only add, that, as it 'may be imafi:ncd,
that the effects of the oblique resistance, I have
‘here described, can be nicely ascertained by the
SRR - common

* This experiment, with all the others mentioried in this and
the next paragraph, are described in the following paper,
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common established, doctrine of the action of fluids
. on a surface placed oblique to their motions: I
must thereforé 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 énlarge the present paper to
demonstrate this in every instance ; I shall there-
fore content myself with exhibiting one’ expéri-
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 is
absolutely necessary to the establishing the trug
theory of ship-building and sailing) I hope to be
more eXplicit hereafter. . - S T
T N4, - © = No. III,
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No. III.

An Account of the Ezrperiments, relating to
the Resistance of the Air, exhibited at dif-
Serent, Times before the Royal Society, in
the Year 1746. o :

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 ve
great effects thereby 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 containe
ing a more accurate and minute explication of the
laws observed by this resistance, together with .
rules for computing the actual ranges of 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 conclusion, 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 tlge opinions
generally received on this subject; their proof de-
pended on certain experiments, whicl.I had myl;‘

' se



OF GUNNERY. 201

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
precarious ; 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 : o ;

First, “ That the resistance of the air toa 121h.
¢ iron bullet, moving with a velocity of 25 feet in
¢ a second, is not less than halfan ounce avoirdu-
¢ pois.” T

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 Ioubtful-; but yet, as they are the ba-
sis of - some other assertions, which have been hi-
therto constantly contested and denied ; I thought
it requisité to evince their veracity by more un-
questioned and simpler methods, than have been
hitherto practised : for this purpose, I therefore
caused & machine to be made of the form repre-

sented in the annexed drawing*, which was most

excellently executed under the direction of Mr.
Ellicot,
_" M Ilv 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 horkzon.  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-cdged, 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 by 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. L
Round the barrel BCDE there is wound a find
silk line, "the turns of which appear in the figufe,
and after this linc hath taken a sufficiént numbet
of turns, it is conducted nearly horizontally to the
pully L, over which it is passed, and then a proper
weight M is hung to its extremity. If this weight
beleft 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 P fastened to it. And whilst
the resistance ou the arm GII and on the body P
is less than the weight M, that weight will acceles
‘sate its motion, and thereby the motion of GH -
and P will incrcase, and comsequently. their resist«
ance will increase, till at last this resistince and

. the
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the weight M become nearly equal t6 each other.
The 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
number 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 ta the
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 bady; there
is thereby discovered, the absolute quantity of the
- Fesistance to the given body P, moving with a
given degree of celerity. S
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, I o
. ' : The -
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- The measures of the parts of this machine were,

. as follows : ‘

" The diameter of the barrel BCDE and of
the silk string wound round it was 3,06

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 mmch dis-
tant from' the size of a 12ib. shot, hemg in

diameter . : 4,'5
So that the radlus of the c:rcle descnbed
by the centre of the globe was - 51,76

When this globe was fixed at the end of thearm,
and a wctght of half apound was hung at the end
of the string'at M; it was examimed, how sqonn
the motion of the descendin weight- M and of
the revolving globe.P, would become equable (1)
to sense. And with this view three revolutions
being suffered to elapse, it was found, that

- The next 10 were performed in - .27'%
20 in less than 55 -

30 in - 82 %

So that the first. 10 were performed in. 27'{-
od 10in . .27 % i

3d 10in : 27 ¥

" These experiments sufficiently evince, that even
with half a pound, the smallest weight hereafter
used, the motion of the machine was suﬁicxcntly
equable after the first three revolutions.

And now to prove the two forementioned
positions, the following experiments were made;
the times marked down being observed by several
stop-watches, which rarely diftered half a second
from each other.

The forementioned globe being fixed at the end
of thearm, there was hung on in the situation M a
weight of 8lb.z, and 10 revolations bemg suﬁ'ered
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to elapse, the succeeding 20 were performed in
21';. : L ? _
Then the globe being taken off, and a thin plate
of lead, equal to it in weight, placed in its room ; it
was found, that, instead of 8lb.1, a weight of 1lb.
would make it revolve in less time, than ‘it did
before, it performing 20 revolutions, after 10 were
elapsed, in the space of 19 seconds. o
Hence then it follows, that from the 3lb.3 first
‘hung on, thereis less than 1lb. 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, thét the radius of
the barrel is nearly 4% part-of the radius of the: cir-
cle described by tie cenitré of the globe; it follows,
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
dbout 25 feet in a secondl) it follows, I say, that -
the resistance  of the globe in this case is not less
than the % part of 21b.%, or than the % patt of 36
ounces : amf 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, i3- not less than half an ounce
“ avordupois.” T '
The next experiments were made with'a view
of examining the 2d proposition. And for this .
purpose there were successively hung on in the si-
- tuation M weights in the proportion of the num-
bers 1, 4, 9, 16; ‘and letting - 10 révolutions first
¢lapse, the observations on those that follow, were
4as under. s .-
With .11b. the globe went 20 turtis in 5472
that is, it went' + .- 10 turns in- = 27 %

With 2lb. it went . QO0turas in = Q7%

‘e With
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With 41b.; it went 30 turnsin°  27"%
With 8]b. it went 40 turns in 27 x
So 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 times 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. i .
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
unhecded 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 18 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 motion 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 from its course.

- The first experiment, exhibited on this occasion;
was'to evince, that the whirling motion of a ball
combining with its progressive motion, would pro-
duce such an oblique resistance and deflective
power, as is herein mentioned. For this purpose,
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 steadiiy enough in the same
vertical plane, in which it first -begam 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, asto
have its directipn 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
aippeared to be entirely owing to the resistance be-
ang greater on the one part of the leading. surface
<f the globe than on the other. For the deviation
<continued when the string was totally untwisted,
zand even during the time that the string, by the .
xnotion the globe had regeived, was twisting-the
- 1 contravy 4
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contratry way. And it was always easy to pre-
dict, before the ball was let go, which way it
would deflect, only by considering on which side
the whirl would be combined with the progressive
motion; for on that side always the deﬁecting
. power acted ; as the resistance was freater here,
than on the side where the whirl and progressive
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; i1t 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 whirl 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-
n 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 u_xcont:,sl-
tabie

\
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< table confirmation of what we asserted. Since no

LS

other power but that unequal 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-
per,placed ‘parallel to each other at proper dis-
tand®s, this deéflection in question may be many
ways investigated. - For by firing bullets which
shall traverse these screeps, the flight of the bullet
may g, 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; rwht and left, yet all the lines,
in which the bullet can de directed, shall intersect

. each other' in the center of that fixed socket; by

this Ineans, if two different shot are fired from
the piece thus situated, the horizontal distances -
of the traces made by the two bullets on any, two
screens, ouO'ht to be in t]lc same proportmn ta
each other as the respective distances of -these
screens . from the socket, in which the piece was
laid. And if these horizontal distances differ from -
that proportion ; then it is certain, ' that one .of
these shot. at least hath dcvnated from. a vertical
o - plane,
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plane, although the absolute quantity of that de-
viation cannot be hence assigned ; because it can-
hot bé known, what part of 1t. 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
second and third, the two remainders will be in -
the same proportion with the distances of the se-
‘cond and third screen from the first. And if thev
-are not in this proportion, 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 -
asfollows: - - . X

On —, being the first day appointed for these
trials, the weather was unfavourable, and the ex-
periments on that account more confused. than
could have been wished, :hough they were far from
ticonclusive. But on the next Thursday two
screens were set up in the large walk in the Char-
" tér-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
co -1 same
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ame wall. And at fifty feet before the first screen,

. orat-300 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
borad 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 an
ounce of good powder. The spreens were made
of the thinnest 1ssue paper; and the resistayce,
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 appéared difficult tohandle it without break-
ing. These things thus prepared, five shot were
made with the piece rested  in the notch described
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 on the wall, measured in inches, were
as follows : ‘ 3 '

: 1st screen.  2d screen. wall,
" 1toQ L75 R 815 R 16,7 R
3 10, L 156 L 69,25 L
4 1,25'L 45 L 150 L -
-5  215L 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, | o T o

- If the position of the socket, in which the piet¢
was-placed, be:supposed fixed, (aud I presumeno
person thén.present conceived, during: these %risls,
that it could:possibly vary the 10th of an inch

from. its first situation) then' the horizontal dis- -

tances, measured above on the 1st ¥nd 2d soreen,
and on the wall, ought to be in the propottion of
‘ 02 ' W

L 3
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the distances, of the 1st scrcen, the 2d screen, and
the wall, from the socket. But, by only looking
over these numbers ; it appears, that none of them:
are in that proportion. The horizontal distance
of the Ist and 3d (for instance) on the wall being
above 9 inches more, than it should be by this
analogy. R

If, without supposing the invariable position of
the socket, we examine the comparative horizontal
distances according 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
11,75 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, oughtto be in the proportion of
1to 5, that being the proportion of the distances
of the second screen, and of the wall from the first:
But the last number 74,2 exceeds what it ought .
to be by this analogy, by 39,2. So that betweei
them there is a dewviation from the vertical plane
of above .39 inches; and this too in a transit of
little more than 80 yards.

But further, to shew that-these irregularities do-
not depend upon any accidental circumstances of
the ball’s fitting or not fitting the piece, there were

“five shots niore made with the same quantity of
powder as before;- but with smaller bullets, which
ran much looser in the piece. " And the horizontal
distances being measured in inches from the trace
of the first bullet to each of the.succeeding ones;.
the numbers were as follow; * - ‘ o

<18t screeti
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- Ist screen 2d screen wall
1t02 7™ 156R 3,1 R - 940R
B 6 4L 12,75 L 23,0 L.

. 4 ,7‘R 85 R 15,5 R -
’ 5 12,6 R 24,0 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 kepttoa
“vertical plane And like. lrregularltles, ough
smaller; occur in every other experiment. - And if
they are exammed according to the third method
set down‘above ; and the horizontal distances.of
the third and fourth for instance, aré compared, '
these on the first and second screen, and on thc wall
appear to be thus; :

. - 1st screen 2d screen * wall -

= 11,1 21,25 38,5 :

* And if the horizontal distance o 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 herc there ®-a
deviation of above 23 inches. '

- From all these experiments- the deﬂexron\ in
‘questnon 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 berid making an anglei of
8° or 4° with the axis of the piede. - This piece
thus-bent, was fired ‘with a loose ball, and the same
quantity of powde1 hitherto used,’ ‘the screens-of
thé last experiment being still contmued It was
natural to expect, that if this' piece was pointed
by the general direction of its axis;ithe 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 1’ conedived, e -
] 03 Soreed

‘- A . -



C14 TRACTS

forced to roll upon the right-hand side of the bar-
rell, and thereby the left side of the bellet would
‘turn. up against the air, and would increase the
resistance on that side; I predicted to the com-
Eany then present, that if the axis, on which the
ullet whirled, did not shift its position after it
was beparated from the piece, then, notwithstand-
ing the bend of the piece to the left, the bullet it-
self might be expected to incurvate towards the
right; and :this, upon trial, did most r¢markably
‘happen. . For ane of. the bullets fired from this
bent piece, passed .through the first screen about
"1+ inch distant from the trace of one of the shot
fired from the straight piece in the last set of ex-
periments. On the second screen the traces of the
sanie bullets were about three jnches distant, the
bullet from the cwopked picce passing on hoth
screens to the left of the other; but comparin
the places of these bullets.on the wall, it appeared,
that the hullet from the crooked piece, :thongh it
diverged from the track. of -the other c¢n the twaq
screens, had now crossed that treck, 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 little beyond
the second screen crossed that track, from which
- it before diverged ; and on the wall was deflected
14 inches, as 1 remember, on the contrary side.
And this experiment is not only the most convinc-
ing proof of the reality of this deflexion here cons
tended for; but is likewise the strongest confire
mation, that it is brought about in the very man-
ner, and by the: very circumstances, which we
have all along described. '
These were the experiments exhibited for the
establishing of this new doctrine, and "which,
: ‘ being
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bein% performed in this public manner, and sp ge-
nerally acquiesced in by those who were present,
will, I hope, secure me from the harsh and male-
volent cemsures, which propounders of new opini-
ons are generally exposed to. This doctrine 1s, I
confess} 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 be admit-
ted but with the greatest caution and difficulity :
but after the success.of the experiments hete rc-
cited (and they bear but a very small proportion te
those, I have myself tried on the same oecasion) it
will not be easy, I conceive, to urge apy exceptions
against it, that shal] have the air of validjty. , And
I think, I am so much master of this subject, as to
undertake: the refutation of whatever, objections
shall be hereafter started upon this head.. I haye
only now to add, that, as I suspected,. the consi-
deration. of the revolving motion of .the bullet,
compounded with its progressive motion, might he -
considered as a subject of mathematical, specula:
. tion, and that the reality of any deflecting force,
thence arising, might perhaps De 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 thoyght proper to annex a few
experiments, with a view of évincing the strange
-deficiengy of all. theories of this sort hithertq esta-
blished, and the unexpected and wondexfu) varie
ties, which occur in these matters.” The proposi-
tion which T advaneed for. this purpose beipg, that
two equal surfaces meeting the air }Vitll',tlle,san1é
degree of obliquity, may be so. differeptly resisted,
that, though.in one of them the resistance is less
than that of a ‘perpendicular suiface meeting the
same quantity of air, yet in the other it shall be
considerably greater. .. S
To make out this prcgosition, I made use of the
i ' 4 . :
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machine described in the first part of this paper,
and having prepared a pastchoard J)yramid, whose
basc was four inches square, and whose planes
made angles of 45° with the plane of its base; and"
also a parallelogram, four inches in breadth and
5% in length, which was equal to the surface of
the pyramid. - The globe P was taken off from the
macEine, and the pyramid was first fixed on ; and
2lb. being hung at M, and the pyramid so fitted -
as to movc with its vertex forwards, it performed
20 reyolutions, after the first 10 were elapsed, in,
33" - ' o

Then the pyramid being turned so that its base,
which was a plane of four inches square, went
foremost ; it now performed 20 revolutions with
the same weight in 38"}. ’

After this, taking off the pyramid, and fixing on
the paraltelogram with.its longer side perpendicu-
lar 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 48“L. ‘ ' :

Now here this parallelogram and the surface of
‘the pyramid arc cqual to cach other, and each of
them' met the air in an angle of 45° and yet one
of them made 20 revolutions in 33%, whilst the
other tosk up 43";z. And at the same time it ar
pears, that a flat surface (as the base of a pyramid)
which meets the same quantity of air perpendicu-*
larly, makes 20 revolutions in 38"f, which is the
medium between the other two ; whence the pro-,
position advanced above is evinced. '

But to give another proof of this principle,
which is still simpler; there was taken a parallelo-
gram 4 inches broad and 8 long ; this being fixed
at the cnd of the arm, with its langer side perpen-
dicular thcreto, and being placed in an angle of
45° with the horizon, there was a weight hung on
at M of 3lb.;, with which the parallelogram inade

: ' ' 20

L]
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20srevolutions in 40"%.  But after 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, fromthe 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 revolu-
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- -
- _rection, 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 mattef, 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
highest 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}l’)lﬁdtﬂd&',’ -fogeﬂzer .

with the -Compulation of the Velocjties

thereby communicated to Military Projecs
tiles. _ . o

ALL, that hath heen hitherto said in the preced.
ing papess, hath principally related tothg resistance
of the air, and its effects upon the motions of mi-
litary projectiles. . But the theoyy of gunnery in-

cludes in it thg knowledge of another matter nat'

Jess impartant ; I mean the theory of the action of
fired powdery and the determination of the veloci-
ties commuajcated to bullets by its explosiop, |

. And this last subject I have formerly freated
vary amply ; aud as, by all the experiments T have
‘since magle, I find no reason to chapge my opinion

in any cssential point, I shall here igsertethe spb-.

stance of this doctrine in as concjse a manuner as |
can, together with some rules deduced fiom it for
compytipg the original velocitics of bullets.  And
thisarticle heing dispatched, 1 shall, in a future
ra.per, proceed tg examine how far the motions of
oullets assigned by the two theories, I hayve delj-
vered, (that of the impulse of the powder, and

that of the action of the air’s resistance) are con- -

formablc to the experiments, which have been made

in diftercnt 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. Iiowe-
ver, as [ 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 examing-

T oo tion

'
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tion will not be totally void either of curiosity or
utility. And, with regatd to the present paper, I
shall only mentign, (that all the propositions I am
going to insert, -on the action of fired powder, I
proppse to demonstrafe by :an txperimental pro-
cess, whenever a convenient season will permit me
to exhibit it before the saciety.. ‘

. - ' PROP. L

- Gunpowder fired in any space, ‘acts nearly in
the same ‘manner, as a:.quantity of air would do,
~whick, was condensed a thousand times mare 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 praposition depends on various
¢ experiments. made an 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 hete meant to
- be.made by the government standard. I must add,
too, that some varieties will take place in this pro-
position, according to the different quantity of
owder made use of, and the manner in which it
1s placed. However, none of these thipgs are of
moment_enough to be attended to in' the forming
a general theory ; though they 'maly hereafter, in a
proper . place, merit a moré 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 before it.
-For as the bullet is'impelled forwards, the in-
flamed powder takes yp more room ; 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
: . | : A%
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it is fired, and the whole length of the cy]mder be
nine fect; then when the bullet arrives at the
mouth of the picce, the powder extends through
ninc ‘times the spaw it did at ﬁlst* and conse-
quently exerts but 3. of its original pressure g,ng!
the longer the piece i3 in proportion to the cxtent
of the char ge, the more is the action of the powdtr

dlmlnlblltd
PROP. III s .

. Though thc velocity of the bullet ¢ constq,ntly in-
creases by the pressure of the powder, yet its ace
ccleration, in passing through a given space, grows:
con tmu.xlly less and %css, 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 by the bullet renders the action 3 ,
of that pressure,’in passing tlirough a‘given space,
less cfficacious; for the faster the bullet moves, the
less it is obvnouslv accelerated, in passing*through
a, given spacc, by ‘the pressure of the powder, which
follows it,

PROP.

If the same piece be fired successiv cly with dif-
ferent charges of powder, the pressure of these
different (h.u ges upon the bullet, in any given
part of the barrel, is nearly in pmpoxtlon to the
quantity in each 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 chstlclty of air mcloscd in a given spaco
is in ploportlon to its quantlty

PR()P V.

From the last prorosition it foIlows, that if with
difterent charges the bullet or shell be always
placed
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placed 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 collectivefressure the square of the velocity
‘of the bullet will be pteportionals - But if the bul-
let be placed home upon the powder, so that with
a sigaller charge it is nearer the breech than with a
1#get; in this case the collective pressure of the

-smaller charge will bé somewhat more than in pro:

portion 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

inflammation, 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.
R 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 geomctrically determined ; and hence all
the clhiimerical notions, which have long obtained,
in relation to. these particulars, are easily confuted.
For instance, 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 ¥ 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
e . . : foregoing
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foregoing principles every augmentation of pgwder
will increase the velocity of the bullet, unless the’
chiirge be so great as to fill up about 5 of the cy-
linder; then indeed an addition to 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 allotted for
any operation of gunnery : for in a 24 pounder%

will be considerably more than 30 pound. :
Again, practitioners have generally supposed,
that 1n each species of cannon there was a certain
length, which communicated to 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 trials, 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; thé longer
picce 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 agein
fired with the same charge; the velocity of the
bullet in this shortened barrel will be about 3 part
less than, what it was, when the barrel was en.
tire; and if, instead of shortening the barrel, it
be increased to twice its customary length (when
it will be near eight feet long) the velocity of the
bullet will not be hercby augmented by more than
+ part.  And the greater the length of the piece is
in proportion to the diameter of the bullet,.and the
smalleg

(

)
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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 ascertained
by Eny of the tiials, 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 pieces, are
hence easily to be assigned ; whence their potential
randoms, eor their ranges at 45° in a vacuum, may

be readily known. The geometrical process for -

this purpose hath been explained in another place,
but 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 comiputations; I shall herelay down
ssome practical rules for that end, without entering
g nto their demonstrations. '

RULE I

If an iron bullet be fired with its weight of pow-:
«ler from a piece sixty diameters in length, its po-
tential random, or its range in a vacuum, will be
mearly 60000 yards ; and if the length of the piece
and the quantity of powder be both of them in-

creased or diminished, its potential random will be
increased or diminished in that proportion. Thus
with-half the weight of the bullet in powdet, and
- ptece of thirty diameters long, the potential ran-
dom will be 30000 yards, and with a-fourth of the
wetght of powder, and a piece of 15 diameters long;
1ts potential random will be 15000 vards. - -
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' RULE IIL ' o

Ifaleaden bullet be fired with its weight of pow+
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 1II

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 thc pieces together in apy ratio, the po-
tential random “will be increased or diminished in
the same ratio. But it must be observed, thatin
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,

RULE IV.

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
preceding 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:llln _
_ o c
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the rules ; then take the ditfe;]ence' ﬁf thé tabulsr
logarithius of these two lengths, - and multiplyi
thg:diﬁ'erence into A (the‘nlgogarit}ﬁluof .me{ei:g
supposed unity) ‘and then adding the resutting
product vo' A, the sum will -be the potential ran-
dom reguired.. If the given :piece. falls short of
the length deduced from the rule, instead of ex-
ceeding it; then the pdoduet of the difference of
the logarithms into A must be taken from A,

" and the ' remainder wilh be  the potential random

\'sought' S .
Of this. process take the following example, ad< -

' to an experiment made by Anderson. Sup-
pose it be required to determine the petential ran« -
dom of .a. piece 17 .inches long, carrying a five
pound iron shot, :and fired with three ounces of
.Powder,' T R

. The powder hare is about % of the iron bullet,
and the length of the.piece 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 5 and £; mwust be multiplied -
into 2220, and the product, which is about 780,

* must-be added to 2220 ; because the given piece
is longer 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 unneces-
sary; 'a rigorous and geometrical determination

* being scarcely compatible with the nature of this

- subject. . R
' RULE V.

~ The former rules being suited to those cases,
where the bullet is placed home upon the powder,

as in chanon ; to adapt them to mortars, when 2
o A3
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part of their chamber only is filled, we must pro-
ceed thus. First find, by the preceding rules, what
will be the potential random, if the whole cham-
ber was filled with powder; and then reduce the
random thus found m the proportion of the whole
chamber, to the part aof it occupied.by the given

charge. "
: SCHOLIUM. .

- These are all the necessary rules for computing
_the potential randoms of shells and bullets; it is
true, that the density of powder, and other casual
circumstances, will occasion considerable varie-
ties ; and will oftentimes render the result different
from these computations ; but the irrégularities of
this kind, are neither so great, nor so trequent, as

may be imagined. And those, who consider the.al-

most 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 doubtless grant, that any pretence of ex-
hibiting the vclocities communicated to bullets by
its explosion, would some time since have- been
trcated as a chimerical undertaking ; and therefore
I cannot but conceive, that the strange and scarcely
credible coincidence of the computations.- here
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 as. 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 frefuently found to differ, being those that
follow.

First, 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 % pajt of
its weight. in’ powder, has a velocity near. a. &ﬁra

part less, than it ought to have by the:former
Crules. et e
- Second, If in. mortars:charges: are-made’ ush- f,
filling up .but a very small part:iof ‘the chambgs,
in this case the:veal velocity, df the shell will fall
considerably shozt. of its computed, quantity:., As
for instance, if into-a chambes:capable of holding
61b.. of powder, there is put np moré than ;lb. the
velocity may not perhaps be. more than half,,or
even a third, .of what it ought to be -with a com-
parison of the effect of larger charges. . "1, =
Third, And in every case a comsiderable wind-
age will sensibly diminish the effect of the pow-
der; and, on the contrary, if the touch-hols; 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
perhaps defective, and may possibly require .to be ,
augmented a fifth or sixth part. . ST
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. -

Pe . The
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The rules and methods of computation inserted
above, assign only the potential random of the
projectile inyards ; but if the velocity, with which -
the projectile 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
-5 of itself; then annexing two cyphers to the
end of the remainder, and extracting the square
root, 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 7%+ pait.

And if the velocity 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 itsclf, and adding to
its 5 part, this sum, when the two last figuresare
cut oft, will express the corresponding potential
random in yards. .

And now having delivered the essential rules for
computing the Fotential random, and the original
velocity of shells or bullets fired from given pieces
with given charges of powder; and having in a
former paper given the method of computing the
actual ranges of these bodies; I have hereby com-
pleted all the precepts, which are necessag; for
comparing the result of any experiment with the
theory. ‘

And as an example of this comparison, 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 full

conving:ed’,'
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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.



No. V. .

A Compaiison df the Experimental Ranges of
Cannon and Mortars with the Theory con-.
tained in the preceding Papers.

AFTER laying down in "the prgcedingrr papers,
No. II. and 1V. the principles for calculating
both the velocity a bullet acquircs 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 cxamination frequently takes place 1
this subject, is principally owing to the errors in
the different parts olP the theory balancing each
o her, so that, for instance, the force of powder
1% 7 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 azp .

18,
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‘is on dll'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 véry
different from what we have ascribed to them;
and consequently, our theory of the actiom and
force of fired gunpowder may be safely applied .to
swifter’and minuter projéctiles. . .

Our first example shall be of the:18 inch sea-
mortary ¢ontaining in “its chamber -30lb. of pow-
der; these mortars are generally in'length about
two diameters of the bore, independent of the ca-

pacity of the chamber, so that the whole must be .
esteemed more than 2% diameters. By an’extract
from the books of practice kept at Woolwich 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. - . e

This shell 1s 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 § part than below. , 'On this account -
the medium resistance will ke diminished by about
+= part, and augmenting the F in the same pro-
portion, it becomes 3264, whence, by: thé corels
lary-of the ad proposition of our.2d paper,rthe
actual range comes out 3230, ' differing . froim the
experiment by no mvié than 120:'yards;, so that
with this prodigious charge of powder, .by far the

P greakest
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.greatest used in any military projectile; the actual
velocity of the shell differs but inconsiderably from
what is ascribed to it by the preceding theory.

The same mortar 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 about
4330 yards, and, retaining the F of the last exam-
ple, the actual range by our computation comes
out 8930 yards, which is short of the experiment
by 170 yards only. ' .

At the same time, that I procured an account
of the experiments from P volwick, 1 learned, that
a ten inch ship-mortar elevated to 45° and fired
with a full charge of powder, which was 12lb.
threw its shell. of 961b. 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 theory, is about 6230 yards, and the
F 2057 yards, whicK, 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
3190 yards, which is no more than 160 yards short
of the experiment. _

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
charged with 9lb. 1 oz. of powder, threw its shell
to 2000 yards distance.

- Computing upon the former principles, we shall
find the potential random of this shell to be about

2727
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2797 yards, and the F* to be 267¢ 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° and
charged with 4lb. of powder, threw its shell to
. 1000 yards distance. In this instance the poten-
tial random is about 1200 yards, and the 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 rahges of cannon-shot;
the examination of which therefore shall be the
. business of the remaining part of this essay. -
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I shall begin with those recited by St. Remy, in
his memoirs of artillery, Vol. I. page 69 ; where®
he tells us, that picces of canuon 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 picce of 24 - 2950
: 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 bullcts mentioned
by St. Remy, the potential random in English -\
yards, and the F corresponding to each bullet in
French toises, are nearly these.

1h. . Potential Random F to each
Pieces of 24 30000 yards 825 toises

16 32400 720

12 34000 650

8 36650 570

4 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 3 of the density of
the lower part of the atmosphere; and thcrefore.
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 account of
the treble resistance, in the manner. formerly e-
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. -

Piecc_s
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il?ieces. E:;')erhnénted ranges, Actual ranges. - - Errors of Theory,

. . by our theory. .z
Pounders. ~ Toises, - Toises. ‘ " Toises.
- 94 - '9950. ' 9255 + 5
" 16 2020 . 2100 - + = 80
12 1870 1990 ¥ 120
8 1660 © 1804 + 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 + 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,
let the gnnexed numbers declare. '
Short piecés fired  Expenimented Actual ranges Errorsof t'.heory._

with § of the ranges. by our theory. .
powderonly. ) 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- -
late the principal experiments occuring therein.

The tnials at La Fere were made with the usual
pieces of all the preceding calibres, chargéd with
various quantities of powder, and elevated to 4°, to
15° and to 45°° The 24 pounder was besides
fired at eight different: elevations from 4° to 45°
At'Mets 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. - .

" As the trials at La Fere, made at 45° of eleva-.
. . tion,
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tion, do not materially differ from these recited by
St. Remy, they require not a new examination.
We shall therefore proceed to the experiments
with the 24 pounder'at seven different elevations .
short of 45°. In these the charge was always
9lb. of powder; the actual range at each time,
and the corresponding numbers assigned by our
theory, may be seen in the following table,

Angle of  Actual range of 24 Ditto by Errors of
elevation.  pounderat La Fere. oug theory. theory.
Toises. Toises. Toises.

40° . 8050 2096 + 46
85 2020 2080 4 60
30 1910 2038  + 132 -
a5 1825 . 1930  + 105
20 1740 1820 + 80
15 1675 1620 ~— 55
4 820 795 — 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 computed ranges,
and increase the errors of the theory. And though
cven then the agreement between our numbers
and the actual ranges is much 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 precau-
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  numbers deduced
from our theory, I have comprised in the annexed

- table; where I 'must observe, that the same angle,
which in some places of the manusctipt is demos
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 sensibile error.

Pieces, Pounda  Angle | Actual - Actualrange Errors of
“of elevation. range. by theory.  theory.
powder. ’ Toises, . Toises. Toises.
16 -6 15 1780 1540 240
16 ~ 6- -4 825 707 ‘118
12 - 15 -+ 1500 1440 60
12 4 - 4 - 820 680 - 140
8 3 15 1440 - 1320 ‘120
8 B 4 S ial) 650 120
4 ] 15 - 1500. © 1200 - 300
4 2 -6 862 780 - 82

Having now dene 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-Mezz
the year following; these were exeeuted.. with
muchmore¢are and attention, and-are related with
more cardour and distinctaess ; for here the re-
sult of each trial is set dewn; whereas in the
others the mediums only were given, and these
too curtailed according to the fancy of the rela-
tor. The oaly piece made use of at Metz was a
24 pounder 10 fgiet in length, -as -1 have already
observed ; this was loaded with different charges -
of powder from 8lb. 1o 20lb. It was constantly
elevated to4°; but as it was placed 78 feet above
the plain, on which the bullets fell, this amouats at

a medium to another degree of elevation ; esteem-

NE,
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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 Actual " Dittoby = Errors of
of range. our theory. theory. °
- powder. Toises. Toises. Toises.

8 — 799 — 836 -~ + 37
—_ — 84 - —— — '8
—_——— 820 —— — — 7 - ;
— — 887 — —— — — 5l
9 — 715 — 843 — +.148
_— 917 — — — — 74
—_— e 855 — — — — 12
— =— 812 == — — 4 31
—_—— 742 — — — 4 101
— — 806 — —— — 4. 87
_— — 870 — —— — — g7
—_— — 854 — — — — 11
—_ — 854 — — — — 11
_ — 8228 — — — 4 gl
— e 858 — —— - — 15
—_— = 826 — —— — 4 17
— — 808 — ——— } 85
— == 856 —— e = - 18
—_— — 1010 — =— — — 167
—_— — 785 o= e—— — 4 108
—_— — 900 — ——— - 57
— == 783 — —— — 4+ 60
10 — 834 — 850 — + 16
—_ = 872 -~ —— — 29
_— — 851 — — — . 0]
—_— — 845 — —— — 4 05
—_— — 87] — ———— = Q] -
— == 838 —— — — ¢} 12
11 — 887 =~ 857 — 4+ 20
— — 784 — — — + 73
—_— e 050 — — — - ¥
— = 802 = o= o= — 35

Pounds
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i ' Pounds: =< Actual .- :Dittoby ~ ::«Brrorsof:
of . . rapge. . .ourtheoary. .. .. theary.

' powder. . Toises. = Toites. " “Toises,
i — 880 — —— — 4 27
12 =" 812 —- 864 — + 52
- — 882 — —=—=— — — 18
= 809 A e —i— 85
— T 842 —  —— — U 22 -
14, =840 — 878 - — 4" 38"
- 848 — - — 330
— — 878 — —— — — 0,

L == 050 T = e — 7

L= = 1060 — ~—— — 1821
— — 8483 — —— — 4+ 35"
16° — 1000 — 891 — — 109 -
BB = — 07
Sl Q70— 79
18- — 950 — 908 — — 47
= — 1000 — — — = 97
20 — 1100 — 916 — — 134"
—_ — 841 — —i— 4+ 75

~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 differs-less from the experiments,
‘“ than the -experiments -do “from eacgl other.”
Since here, in the repeated. trials with nine diffe-
rent. charges of pode:ar,‘t'he least of 8lb. and the
greatest of 201b. 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 iconsonant ‘to our numbers, though
it is evident enough from the preceding table, that
little regard can be paid to single trials ; since ‘i:
' : AL\



240 . TRACTS

the two experiments with 20lb. of powder, the
difference in range is 459 toises, and with 9lb. 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 a num-
ber of trials shall be made at large angles; it can-
- not be determined, whether the great differences,
which olcur in the examination of some of the
ranges at La Fere, are to beimpited to the theory,

or to the uncertainty and insufficiency of thc trials
themselves. . - “
- -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, These'experiments were
undertaken on a false presumption, that there was
_a certain length for cannon, which enabled the
piece to shoot more efficaciously, than it would do,
if it were either longer or shorter; To determine
this proper length, pursuant to this erroneous hys<
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°;, at which elevation five
shot were made with each, and the mediums
taken; whence an estimate was proposed to be
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 cone
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

\

B
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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 different 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 morte from each other than the whole differ-
encé by this means proposed to be discovered.

But to prececed.

If in these experiments the powder was half the
weight of the bullet (which, Iconceive, was near-
ly the case) the,potential random then to pieces
. of 9 and 9; feetYong, 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 % inches, Fis
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, albf)ve

: ’ 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.relate from him, -
were those made with. a demi-culverin 10 feet 8
inches long, carrying a 9 pound‘ball, and loaded
with 71b. of powder. : 5

This piece elevated to 10°, and having 2° more
on account of the advantage from the height 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 same
fabric with the present government powder, the
potential random would be abolit 38400 yards,
. which reduced for the treble resistance becomes
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° } is by computation 2080 yards, and
the actual range at 2° about 1180 yards, bot{: of
: 1 - them

-~
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them extremely near Eldred’s experiments; only
it 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
in great velocities beyond its customary rate ;
since from other experiments I am satisfied, that
this ptece, with ¢lb. of powder only, or 5 of the

" chavge given by Eldred, would have ranged at

° + to full 1500 yards, unless its windage is enor=
mous. So that by augmenting the charge ninefold,

" the actual range is onlyincreased in the proportion

of 8 to4. Norlet it be supposed, that in this great

- charge the rules for computing the velocity ot the

bullet, or its 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, which 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,
) Qe © was
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was more than it actually received, unless the
powder was inferiof 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
our 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 45°, 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 ponde-
rous bodies. i Yo :
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 large quantities 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.

Tnz 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 kinds, nothing more need be added,

o

in explanation or confirmation of this new theory.
But as it frequently happens, that the clearest de-
ductions are of little ethcacy against the influence
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.

" Treadily 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, :

-MAXIM I.

In any piece of af-ti]]ery whatever, the greater
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 all the
time, the bullet is passing through #he 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 presumed, that the added

rt would not . take 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 powder _begond 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. - ' _

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
in:the 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
smallest bore in general use, and whicg was about
30 diameters in length, I found, that when with an
iron'ball and one half of its weight in powder it

- : - 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 never failed 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: 1 should answer, that if the method
of proving a 24 pounder (the largest piece in coms
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
yiolence 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 much 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
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 firing 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 chdlge be so gleat, that the powder takes

up about  of the whole cavity of the cylinder;
then indeed an augmentation of powder will not
inerease 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 praétice; and therefore the
consideration of it may be safely neglected in dis-
cussing the mistaken opinions of practitioners.

MAXIM IL

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 gr(' ater ce]cnty than the
shorter. '

The supposed gradual firing of the charge, dis-
cussed above, hath been alse apphc(l to the considc-
ration of thelength of pieces ; whence it hath been
usually concluded, that there is a certain length,
which, if a piece excecds 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 wexght of the bullet in

: powder,
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owder, to be about twenty times the diameter of
its bore. :

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 ; I-have 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
" ¥found, 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 make these experiments with pieces of any
bore whatever, will find the result not much dif-
ferent ; provided due eare be taken, that the pow-
der be in good condition, that the substance into
which the ball penetrates be placed so near the
giece, that the resistance of the air may occasion
ut 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 unmanggeable 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
engths

RN
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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. : '

MAXIM I1I.

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

' an(i;like bullets they will each of them dis-
charge their shot with nearly the same de-

- gree of celerity.

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 the variety arising fronfithence
must be altogether insensible. Aud though 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
made 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 samé bore and,
length, but of different metals, and very differcut

: 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-
" 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 oppesite soever it may appear
to many long estabhshed prepossessmns

‘ MAXIM IV.

'_'The ranges of pieces at a glven elevatlon are
no just measures of the velocity of the
shot ; for the same piece fired successively
atan invariable elevation, with the powder,

_bullet, and every other circumstance as

. hearly the same as pessible, will yetrange
to very dlﬁ'erent distances.

The varieties in the ranges of the same piece,
_ with the same charge and elevation, are scarcely
eredible to those, who have not 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 whlctf) 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 d:rectlons, which on the horizontal plain
. made an angle w1th each other of above fifteen de-
grees. :

MAXIM
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MAXIM V..

The greatest, part of that uncertainty in the
ranges of pleces, which is described in the
preceding maxim, can only arise from the.
resistance of the air. .

10
Qr
9

For as it appgars, from what hath been already .
observed, that the bullet, after it is separated from
the piece, is frequently deﬂected to tYle right and - .
left of its original direction; there is no other
power known “but the resistarice of the air, to
which thls effect can be. imputed. '

~ MAXIM VL

The resistance of the air acts upon projectiles

. 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 fo]%ow ;
‘whence arise those deviations and-inflec-

~ tions, of which we have been just now
treating.

The reallty of these assertions will be evinced in
the discussion of the following maxims.

"MAXIM VII.

That action of the air, by which it retards the
motion of projectilcs, 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 bodies is totally different, from what
hath been generally supposed. :

. The
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Thetheorists, who have endeavoured to apply the -
science of motion 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 concluded, 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 canunon-
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. i
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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, an® to three times the -
velocity, nine times the resistance, and so on. But
then this rule must not be extended to the compa-

rison of the resistances of two velocities, one of which
ds 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 rise to
much contestation, are the natural condequences
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, which-is double
another, the resistance (within certain li-
mits) is fourfold, and to a treble velocity,
ninefold, and so on. S

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.
o 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 smaller, aggording to the law explain-
ed in the last maxim.*

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. L
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 } 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,

* if 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 billet 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- «
tation, See the noteatp.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.

The matter of fact contained in this maxim
cannot have cscaped 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 little 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 unequal bullets cannot be imputed
to any difference in their velocitics: since when
loaded alike they are all of them discharged 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 -range of
shot at an elevation is much more influenced by the
quantity of its resistance, than by the velocity it

- 18.discharged-with ; it.is not to. be wondered at,
that a 4 pound gh®t, :being but half as much re-
tarded ‘as a 3:pounder,. should range considerably .
farther. o ST o
UV ‘MAXIM XI,- _

oThe greatest part. of military projectiles will-

e ht%e ,timg of " their disghgrgé_ acquire g
. ‘whirlirig motion round  their axis by rub-
" bing against the inside of their respective
. pieces; and this whirling motion.will cause
- them; to strike: the. air wvery. differently,

.from what they would do, had they no
other but a progressive motion.* By this
-means it will' happen, that the resistancg
of the air will'not always be gire'cﬂy' op-
posed o their flight ; but will frequently
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 described. above in
maxim IV. '

That bullets must in general dcquite a whirling
motion on their discharge, will not, 1 presume,
be disputed. And, that this .whirl, by combin-
ing with their progressive mation, "wil{ occasion
the action of the resistance ‘to’ be olique to their
diredtion, is evinced' by expetilnent.” For if any

* pendulous body be made to revolve abeut the line,
to which it is suspended, {which may be effected
by various methods)..such a pendulum will in its
vibration always deviaté from the direction origi-
nally given to it. And the deviation will con-
C ' ' SRy
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stantly incline to that hand, towards which the
" revolving motion tends. The game 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 evinced in one 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
theé irrégularity 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 revelution
frequently shifts its position durin% the flight of
the shot. Hence we may upon the whole con-
clude, that the greatest part of shells and bullets

are perpetually gevi_ating from their regular track |

in consequence of their whirling motion ; yét nei-
ther the tendency nor quantity of ‘this ‘deviation
can in general be determined beforehand ; 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 littte increased; how
‘ much

L]
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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 4 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

7 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 in’the 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
‘ranﬁc 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 241b. 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;
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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 in'these proportions, the ranges
" approach yet nearer to an equality, still provided
that the ranges here understood, are those which
I denominate regular, or.such as would be de-
scribed “by the .bullet, 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 XII.

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
eéach other,’ in consequence of the deflective force
discussed in the eleventh maxim. And as the de-
flective force may casually augment the range Wiltlh
' . - the

)
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the smallest charge, and diminish the range with
the greatest charge; it is evident, that the smaller
charge may in t%lese circumstances considerably
outrange the larger, notwithstanding the much
greater force, with which the larger charge impels
the bullet in the explosion. :

MAXIM XIV.

If two pieces of cannon of the same bore,
~ 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, will amount 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-.
. . Rs ticularly
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ticularly in a comparison of one of the short six
pounders lately cast at #oolwick, with a six poun-~
der of the old fabrick, of four times the weight and
near twice the length. For these being hoth ele-
vated to 11°, and the short piece loaded with 11b.;
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 thelong
iece ranged only 2422 yards, and the third shot
gom 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-
ears, that neither the distance to which a bullet
ies, 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 against troops with grape shet, it
will be found, that charges of powder
much less than those generally used, arev .
- the most advantageous. L

For grape shot fired 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 against. 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.

: L R MAXIM
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MAXIM XVIIL. '

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 su%stance 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 passes 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 s R4 MAXTM
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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 to
., 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 liable 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 efficaciqus. And in firing against ships,
we have abserved above, that the charge, which
is just sufficient 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
' ar¢

1
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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 500 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

" samparts, are often ruined at these great dis-
tances, where the influence of the largést charges
is considerably abated ; it appears most adviseable
to avoid the inevitable inconveniences of large
charges, how near soever the battery may be to -

- the place. For though with less powder 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. B
Hence then the proper charge of any piece of
artillery, is not that allotment of powder
which will communicate the greatest velo-
city to thebullet (as most practitionershave
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 'presume, will not be controverts
ed by those, wha have attentively considered, what

hath ' )
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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 I
can. Observing first that the powder, of which

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 §, or at the utmost +
of the weight of its bullet in powder: nor
should the charge of any battering piece
exceed + of the weight of its bullet. ’

‘
.

" For if field-picces of the customary length are
loaded with ¢ of the weiglit 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
pieces is exorbitant,  Hence then, on our former
principles, no greater charge should be allotted to
any field-piece. And indeed when small grape are
made 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 weight of
the ball. For I have experienced, that an 18
pounder, with only 3lb.; of powder, will traveise
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 ihera
, : am



OF GUNNERY. 267
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 XXI.

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 prea
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
is 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 regular ranges will frequently undergo 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
experiments are examined; and the inequaliiy hence
-arising will often greatly exceed those differences,
which these mcdiums are intended to investigate.
As an instance of what we have advanced, we will -
here insert a set of trials made at Fovlwich 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 werc 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 :

Length June 1st, Junc 18th. July 2d. -
of Medium of Medium of" Mecdiam of
piedes, . fiveranges. = three ranges. three ranges, -

Feet. Yarss, * Yards. Yards,
104 2486 2614 2406
10 . 2570 2532 2436
9x 2693 2560 2500
9 2790 2494 25063
85 2586 2490 - 2466
8 .. 2438 9473 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 folloivs,

. ' that
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that the greatest inequality between the ranges of
the longest and shortest of these pieces, su&aposing
the shot to follow its regular track uninfluenced
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 ;
stnce 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 95 feet in length carried 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 cannon were
cast on. purpose to investigate, what wesc the pro«
per lengths of pieces; it might not perhdps have
suited the great apparatus of the mquiry, nor 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.
Abaut three years after the experiments, I have
-just now recited, the same method of examination
'was prosecuter]l in France, with regard to the pro<
per charges of pieces. And hereagain, by firiag the
same piecc at a 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 irregular
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 n lecting
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
pr.(()ijectiles 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 projcctiles 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 gc
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
o prescribed
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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 1s 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 diffefent und even opposite asser-
- tions; it 1s not, I say; to be wondered at, that
this loose aud 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 piccces,
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 impossible,

that the parabelic. flight of shot, and the inconsi-
derable effect of the air’s resistance,, could have
Xjeen 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-
strate 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. Forthe range even of a 24 poun-
e : dex,

-
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der, fired with a usual charge at 45° is but httlc
more than a third of what, lt ou ght to be on the
parabolic hypothesis, if compare with-the , Tange
at smaller elevations.

Having thus, as I concewe, evmced 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 précepts and practices in this
art miay 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; toeqhxdh the bullet pe-
aetrates in some substance of -a uniform texture.
Indeed, if much nicety be required, it 'is alwa

" possible to determine -the actual ‘velocity of tg

ullet in different parts of its track, by practices I
have explained at f ngth in another treatise. But
the apphcatmn of this contrivance to large cannon,

Tequires a very expensive apparatus; and there-
fore, since we ate not now discussing this subject

<w1th geomctncal rigour, we shall content our- |
selves with pointing out a more easy and expedl-
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 when fired-at anele~
vation. For, when the velocity of the bul-
let is doublcd it penetrates into a uniform
substance ncarfourtimes as deep, and with
three times the velocity, near nine tjmes as
deep; so that with different velocities the -
penetratlons vary in amuch greater propor-
tion than the velocities thetnsclves. .

: That
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"That the penetrations follow the rule laid down
in this maxim, I have found by frequent experi-
ence. - Forinstance, an iron bu_])l'_et 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, penctrated 3 inches 5 into a butt of seas-
oned oak, and with about three times that veloci-
ty it penetrated 34 inches into the same wood.

This law holds either in'large or small velocities;
at least ] 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 1s 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, I 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
i this circumstance from the resistance of the air)
‘but is nearly the same, whether the bullet moves
faster or.slower, Whence it is not difficult to con-
ccive, that since, when the velocity is increased,
the resistance is not ; therefore the penetration
will be augmented i 3 greater proportion than the
veloeity. ‘ ' !

MAXIM XXIOI.
Hence then in all contests about the greate,

or less-velocity, which a bullet acquire,
S from .
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Again, if the various operations of gunnery re-
quire diversity of charges, and if the clrirges 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 cammon, 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 prac-
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 training up those, who are intended for the scr- .
vice of the artillery, do not contain cither the in-
struction or the varicty of practice, which so im-
‘portant a business secems to demand.
I should therefore propose, that, instead of the
" “puerile method of firing with a constant charge at
two or thrce marks placed at known and invarp
able distances ; a more extensive ‘exercise should
‘be introduced, in which the ranges, penctrations,
-and deflections of pieces, fired with all neccssary
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
practitioner would hemce .avquire a true sciéntific -
o ' dexterity,
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>

dexterity, and would be hér.lcg:tp'repavcs!-readjli to

adapt his -§ha'r'*f"¢: ‘eleyatian, &€ t6" évery emei-
“gency of actual service.” ~.Indeed it'is high time;
that this'most interesting art should e ac Yallc.%‘%
to a state of more perfection 5 for it is miatter of

..... -~

+

astonishment to comsider, that; whilst othér brafi~
ches of mechanics have received such numerous
‘improvements, 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
' mations, 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. Aund 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
jinattention 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
ﬁossible 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 veldcities, 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-

53 . © duced
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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 skilful in any profession, in
which--he has not been regularly untxated

and to which he is not formally attached ;
I did not expect, that this production, were
it made public; would be ¢onsidered 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 anthentic proofs, -

-1 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 expenments, 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 French 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 Frenech ex-
periments, and the various deductlons found-
ed thereon, :

" A PROPOSAL

A}
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- PROPOSAL

FOR INCREASING

THE STRENGTH

OF

THE BRITISH NAVY, &.

T advantage of large canmon over those of a
smaller bore is so generally acknowledged, that a
articular 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 anthor 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, 1s 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 b]ul-_

o } ete -
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lets fly with the same proportien of -pewder;: ex-
ceeds the flight of the smaller ones, almost in the
proportion of their diameters; so that a 32 pound
shot, for instance, being somewhat mare than six
inches in diameter, and a 9pouand 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-
traordinar)]z effort given ;‘0‘ the smaller bl}"el’, lby in-
creasing . thg quantity of;its: v; for though
the swi%tnés's %f’ th(fy sn'latllléf Iﬂ;g': at'its issuig _
from the picce, may be thereby greatly increased,
yet, as has beeir already obscrved, “the distance to
which the bullet flies at an elevation, is thereby
but little.influenced ; for all this increase of geleri-
ty is presently-taken away by the resistance of the -
air, which increases, much, faster. “Thas, for ip-
stance, theugh a hullet. fired with 3 of it§ yeight,
in-powder-has doubtless a greater velogity thap the
sanie bullet when fired witB only 5 of its weight in
powder,.yet if their ranges at ten or fifteen degrees
are compared together, ‘the certain difference he-
tween them will not be worth re arding ;- for it
will not be more than the irregularitips, - yhich
happen in re'l)et'itions_ﬁf.;'thé same trial with the

same picce, charge, and eleyation. ™ . = .
: Ly NG : T But
* This assertion,; however strango it may appear at first sight,
is irrefragably established by the experiments recited in the French
manuscript mentioned in the preface 5 for there it appears, that
when a 24 pounder was elevatéd to five degrees, and loatled sue-
cessively with eight,- nine, ton, cleven, twelve, fourtoen, sins
teen, cighteen,  and twenty pounds of powder, the. mediym
range with eight pounds of powder was eight hundred and forty
toises, and the medinm range with twenty pounds of powder
was byt nine hundred and seventy. Now the diftcrence hetween
eight hundred and forty, and mine hundred and seventy, is siet °
so great as the difference, which sometimes occurred in thesd
trials, on the repetition of the same experiment, J shall zgldl
. . . . 9

.
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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
in 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, rampart, or
solid beam, in which it lodges, above eight times
_ larger than will be made by a 3 pound shot; for
its diameter 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 proportioh of the ranges with
eight, and with twenty pounds of powder, are extremely neat,
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 resistance of the air, whiéh
-1 heve sbme time since established.
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always erideavoured to arm all vessels with the
largest cannon, ‘they could with safety bear; and,
indeed, within these last hundred years, great im-
provements have betfep 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 fproposed to be made in the fabrick 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
Jlimited 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 geter-
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
fabrick of the 32 pounders, the heaviest guns in
common use; these are made to wcigh, if the au-
thof'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 uFon the model of these 32
pounders, and having their weight proportioned 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 strenO'th and this. supposition he pre-
sumes, will be scz rcely contested.

Secondly, That the force of different quantltles '
of powder fited in spaces, which they respectively
- fill, is not exactly in the proportion of those quan-
tities, but thelesser quantity has in proportion the
least force: that is, for instance, the force of
one pound of powder, in like circumstances, is -
less t%an half the force of two pounds. And this
princ J)le 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.

From these two considerations, he hopes, it lel
- be granted him, that if two pieces, a large one and
2 small owe, are made with all their dimensions in

proportion to. the diameter of their respective bul-
lets, and consequently their weight in 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 Yxeat 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-
SOl
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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 hundfed 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.

Picces.  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, two
or three hundred may be safely taken.

these,

Fot

The changes then proposed by the author are

A
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Pounders. _, Hundreds. Pounders. . Hundreds,.
For 6 of 2and 18 New 12 of 20" .
9 . 29 and 26 18 28 ..
o .12, 34 and 31 18 28, -

18 - 4land 39 24 40 ...

. The 9 pounders lately cast, being, as the anthor
1s 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 smallest: 9
pounders now in use. The weight of t?\e 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
be changed for them. = . ., ...y
.That many objections will be made to the pre-
sent proposal, is not to be questioned ; -but as they
will equally hold against the use of the present_ 3¢
pounders, which are.known to be guns of unexcep- -
tionable service, that.alone, it is conceived, will
. be ananswer. ~ - - . L s
. If it be supposed (as ancient practice is always
favourably heard) that the excesses in the propore
tionate weight of the small pieces must have hegn
originally founded on some approved principle, , or
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 piesent 9 pounders,
‘and had the same prescription to plead in their be-
half. - Perhaps' the origin’ of this-excess in the
~ smaller pieces may be accounted for by supposifig,
that ' when guns are used .in batteries on :shore,
their length cannot be-in proportion to the diam-
eter of their bore ;- because the -parapet being: of
~ a'considerable thickness, a short piece would bj
its blast ruin theembrasures; and the smaller pieces,
T ' being
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being for this reason made néarly of the"same
length with the larger, did hence'receive their ad-
ditional weight' of metal. * But "this reason holds
not at sea, where there is no-othérexception-to the
shortness of tite’piece, but theloss of force; which,
in the instances here proposed, is altogether in-
©ohsiderable. -“For* the old 12 pounders, . for "ex-
itifple, béing in'length from nine feet to nine ‘and
a'half- the new ones here proposed will be fiorn
seven feet to'seven and a halflong. The differ-
‘ence’in the' force of the hullétyfired froin“these
different pieces, 'is but litthe ;" anid it will hereafter
dppear, that'in tlie present subjéct much -greater
differences than' these are of no consequence. - *.

"2 If it should:be said, that:thée new fibric “here
proposed must have the present‘allowance ‘of pow-
der (which in the smaller pie¢és‘is half the weight
of the ball) ‘diminishéd, and “that it' mst-bé re-
duced to the fate of ‘32" pounders, whicli'is only
feven sixtcenths ‘of the weight o}‘the bafdy it 4s
unswered, that i the powder in-all shiptcannon
whatever, was'still farther reduced to one third ‘of
the weight of the ball, or even less," it wotild be
wiconsiderable advantage, not otily by the ‘saving
of dnmynition; but by keeping ' the giins cool-
et*dnd quieter, “and at the ‘same time ‘ove- of-
-‘fechally - iﬁjuﬁﬂ g-' the vessels of thie ' ehemy*; for
[URF | S '.".'. P A T ‘:’,"w:i'th
" ¥ The change propased hete,. of reducing the qugntity of
‘i)éﬁ'm'lb’rl in 'glL%ipﬁ\?&ﬁﬁ%k«??ﬂ#&%f ('l‘t‘}!nc wg ht'o;l :lge tfl)tuy;le%.
has for some £ime past becn practiced by: the French ita thach °
severerservice, whert the increasing the velocity of the buthet éonld
-not at any timg:dininish its effect ;. the service, I megn, is bat-
tering in breach, . .For I learn from the forementioned French
mahuscript, that of late years all their breaches, in the differant
sieges ‘they have 'undertaken, .have betn made with- this very
<hisege, thitis, their 24 pounders have been loaded with ‘eight
"Rounds of powder, and they have found, ‘that though the pene-
.tpation of the bullet is less with this charge than with a larger
bne, yet the other conveniences, attending this smallgr charge,
sre more thaa sufficlent to balatice-that patticdar. " - """“;\"d
AR . n

-
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with the present allowance of powder the guns
are heated, and their tackle and furniture strainedy
and this only to render the bullet less efficaciousg
than it would prove if impelled by-a smaller charge:
Indeed in battering of walls, which: are not to be
penetrated by a single shot from-any. piece whatx
. ever, the velocity.of the bullet, how much soever
augmented, still ;produces a proportionate effepts
by:augmenting the depth to whith it ‘penetrates s
but' the sidés of the strongest ships, and the greath
er pait of her timbers -are of a‘ limited thickness;
insufficient 'to stop the' .generality. of ‘cannon-buls
lets; fired at a reasonable distance, even with. &
less charge than is: here proposed. <:And:it-is..a
matter of experiment, that a bullet; which can-but
just-pasg through a piece of timber; and loses:al<
most all -its motion. therebyl, has-a much better
chance ' of rending. and: fractaring it, than .if:-i¢
passed through it with-a much greater velocity. -
"~ That:a better: judgment :may be ‘matle of the
reasondbleness of'this spé. ulation, the author thinks
proper - to add (and ‘he believes future experience
will not contradict him) that a’ 12 pounder;:as
here proposed, which is one of the smallest pieces
at present under considération, when charged with
one third of the: weight of - the bullet in powder;
will penetrate a beam of the best seasoned, tough-
est oak, to more. thag twenty inches depth; and
R e T if
And here 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
" bullet 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. Buit this position is destroyed by their
own experiments, and their own reasonings ; and later expéris
ments, made with greater attention, put it beyond all“donbté
that to the larger charge (at least as far as ¢weaty pounds o
powder) there corresponds a greater velocity.
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if, instead of one solid beam,  there are a number
of amall-ones, . or of planks, laid together; then,
allowing for the rending and tearing, frequent in
such cases, he doubts not, but it will often go
through near double that thicknéss, and this.any
where within-a hundred yards.djstance: that. is,
anyswhere within that distance,- which the most
experienced officers. have recommended for naval
engagements. - In the same distancg.a bullet from
the 12 pounders new in use, charged with half
the weight .of ‘powder, will penetrate about_ene
third part deeper: but if:the efforts of each-piece
are;compared together at -five hundred. yards dis~-
tance, . the differences’ of <their forces will; not: be
considerable. 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 ndval pure
poses, than the :weightier.. 12" poundet:. hitherto

madeuseofs. -~ . . .o A

- The author has-in this proposal fixed on; thd 32
pounders :as .the standard : forthe rest;.'because
~have ‘been ' autherised :by long experience. -
But- from the trials he has made,” he is well satis-
fied, .2 much greater reduction of -weight;: than he
here proposes, might- safely take place; - and that
one fouith, or.even .one fifth, -of the weight of the
bullet in powder, if properly disposed, :is abun.
dantly sufficient for every" species of ship-guns®,
EE ) R However, .
* This opinion is-not advanced: at random. I.hdve myself
procured to be cast a.4. pounder. of. iron,. weighing about: two

* hundred weight, which iz 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 pow.
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 in & bank of earth.' And this it likewise did on :
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Howeyer, the author is far. from desifing, that

" his speculations should be relied on i-an affair of
this nature, where he pretends mot to have tried
the very matter he proposes, but fétinds 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, 1s 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
entire, 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 but about one guarter of the weight,
they are gencrally made of ; and consequently, if capable of

proper. sarvice, might in particular emergencies e of infiriite
use. ' :
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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, ‘

t

U A'LETTER



A Letter to Martm Folkes, Esqmre, PreSt-
. dent of the Royal Soczety, in Amzber io
.one of his, mclosmg awritien Message from
the Chevalier D’ Ossorw, Envoy Srom- the '
Kzng qf Sardmza . oL i

1;4

© -

N, . . - Lt :
SIR, : Lo LN TS
. ] . T W et

I HAVE received a letter from you, inclosmg a
‘message, you have received from his excellency the
Chevalier DOSSORIO, who, ‘it seems, is desuouh )
of having a copy of a papér presented to thé Roy-
al Soc1ety in relation 'to the proper charge of cali-
non :* and which,” you conceive, Sir, is my lette;'
~ to Lord Anson of Mar ch last“ “As I esteetri my-

- self greatly honoured by this request; I ‘cannot
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 Turin ; Iam
willing to hope, that this enquiry may give, rise

.Q

to still more decisive trials. - And that the doc-"

trine, I ‘have advanced, ma{l thereby be at Jas}
established beyond the reach “of contradiction,
‘But as: the consideration of the proper charge of
cannon,: to’ whlch this message relates, and’' about
which the experiments at 'Turin have' been em:
ployed, is a matter only océdsionally mentionéd
m my papers ; .I beg leave to explain myself morg '
atlarge to you on 'this'head, than I'haveyet done

©_#nd:to establish the trigé'| ﬁhd es, an which' tﬁ’i‘
mves:l'%atloh ought'to turn. “This ¥ shall ’undisr-
take: with sore Bolduiess, *ds T afhodrent,” éHé

T4 1t_'
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it hasnot hitherto beenunderstood. And that all the
experiments, I have ever yet heard of, which were
made with this view, are extremely fallacious, and
incapable of determining the point in question.
And I think, it will be no improper method of'
treating this subject, first to comsider 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)
fhose, 1say, who have hitherto laboured in this
watter, have usually supposed, that in every
piece there was a certain charge of powder, whiclyx
would giye to the, bullet a greater velocity than,
any ‘other quantity 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-
dustripus artillerists have fired the same piece of .
¢annon at an unvaried elevation, with different
chaiges of powder gradually increasing in quantis
ty; and they have pretended, that after using a
certain 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-
lét,'fg'tth_er‘than any other quantity of powder
would do, was, the true and genuine charge of the
piecé in question.. But these opiniong are all en-
tirely erroneoys, and the .experiments fallacious.
For peither is there any such charge, as will give
td“.';fh:e“‘ bul]et_-a greater, velocity, than woukF be
prodyced by 2 larger quantity of powder (at least
nat withii . the limits where it has been usually
Sipiosed ) 90r Bag the complean Bring of the, pow:
; ' . er

]



OF GUNNERY. B
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 veloci
hath pitherto been feunded, are auﬁy; but 3;
the superstructure is equally exceptionable. As,
I 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 smal{pieces, the charge be aug-
mented greatly beyond these limits, the velocity
will be thereby considerably increased.  For in-
. stance, a common firelock, with a fit leaden ball

«of twelve to the pound, with a charge of one third
of the weight of the bullet in powder, will be im-«
pelled with a velocity of about 1500 feet in 1% -
" with a charge of half its'weight in powder, its ves

locity will be about 1700 feet1n 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 €rroneous; '

. If it should be said, that m larger pieces the
same conclusions will not hold, but that there
an increase of powder beyond the ‘customary
charge -(for instance more than £ or % of the
weight of the bullet) will tiot augment the veloci-
ty; Il .angwer, that, I:well' know, that in piiee-;

. : ~whose
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awhose 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; ahd in this circumstance the increased ac-
tion of: the powder canhnot 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
@ bank of earth of a uniform consistence, or a-
gainst a butt of timber,. and examine the different
penetration 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 pew-
der, and measured the peretration 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
ag%m,,_. P - :

. This may guffice

_ e to-evince the falsity of that
commg@nly-received. principle, of there being a cers
tain ,qha,:gq,-t_p-gvery piece;; which will produce 8
greater.. vojagity . sham amy.othes . quantity. of pgw»
A . . er,
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- der,. aither: greater: ax 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 Xowder, as will fill up nearly 3 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 ex«
" amination of the present suhbject. S
‘The very first supposition, then, on which the
determination of the proper charge hath hitherto
proceeded, being thus, asI concieve, overthrown;
it remains to examine the experiments, to which
the followers of this opinion have tecurred in sup-
port of their doctrine: that is ta say, the expefi-
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 fallacious,
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 society, 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 &l 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, negkcting at the
sanie time as irregular, those where:the resnlt was
contrary to it. . For the whole: strength of this
reasoning has: generally turned upon.a d_iﬂ‘,erenccf
. . ’ 0



300 .+ TRACTS ..

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
.at7°;, and charged each time with-the same quan:
tity of powder, hath in one shotranged 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, clevation, 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 pracs
tical determinution ; and if .the experimeats, .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 asketj: on what .principle the' proper
dllotment of powder can .be .assigned, or what
oircumstances 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., - o ,

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 héated and stmined,.
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, difterent charges ought to be made use
of. For instance, the resistance of the masonry;
with which the ramparts of fortified places: are
wsually faced; bging much greater than thayof i.:lbo
’ sides
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sidds ‘of the'stoutest . ships ; the allotment of
powder for ‘battering in :breach, and for firing
against shipping, ought to be different. And-
the resistance of humanbodies being still greatly.
short of. either of these; all field-pieces, or such,
as are used against troops, ought ‘to- be.charged

- with a: yet-smaller proportion of powder. And
though m these cases there is no absolute invari-
able standard to be assigned; yetI conceive, that
something: not very distant from the truth may.
be deduced from considering the limits, -within
which all-the three forementioned operations are
contained. CT SR o
- .For as to battering in: breach, I well know, that
in most of the sieges; which the French havelately
undertaken,-they have succeeded extremely well
with one third of the weight of the bullet in.pow-.
der. -Indeed-the difference in force betwixt a bul-
* let fired with one third ‘of its weight in powder,
and. two-thirds, i3 so very little, that the other ad-
vantages of the smaller charges greatly ‘overba-
lance it ;:'and thereforeit ought to be allowed as an
invariable rule, never to 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 - the .great distance of the object.
For I know, that, in'great distances, theaugment-
ing the quantity: of powder is only an imaginary

adva_nmSe. S L . P e

" With respect to the firing at ships, especially
“with heavy ¢annon, : I could wish thie charge was
still farther diminished to a fourth or fifth; for I
am satisfied from my-own experiments, that -(not
to mention the other advantages) the havock made
by buliets fired with those smaller quantities, would
be much greater, than what is produced by the
enormous charges now in use. o

~ And lastly, as to the firing againsttroops in the
open field, it is difficult to conceive, how very
e . small

¢

s
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small a proportion of powder will give to a.-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 péwder:as great a
force, “as:it would have-aequired by falling from.a.
height equal to that of St..Paul’s cliurch: ; And:
'it is sufliciently obvious,*that 2 heavy: bullet,  let
fall from such an.eminence, must: have killed any:
person it:had fallen on. .And lest it may be sup-
posed, that in this case the weight of the. bullet
might contribute more to!the-stroke than its cele-
rity,- I must-add, that.a 6t bullet; -fired -from a
musket-of the common calibre with:i 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 f}tm.rt 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
comparing together the variouis experiments.I have .
~ made, and the different’ pircumstances fecessary 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 1s of use, ‘even +% of the weight of
‘the bullet will do great execution. For by large
quantities of (fowder, grape-shot is 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
‘ : reasons
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" yehsons'of it shall be oncé well understood, and the
practice established,” will enable them to’ be made
extremely light, and will ‘thereby ' render ' their
transportation and servicenuch more :€asy, ‘than
it ‘has ‘been hithertd; and-will likewise - produce
‘many other advantages et necessary to be here
recounted. :

i am Senulile, “that with respect to“the dlmlhlsh-
ing: the weght' of field-pieces, “many rattémpts
have beeri “imade towards it within the last fifty
years. -But the genéral mistake of those, who have
engaged ‘in it;' ‘hath ‘been: either the“servl‘nor these
lighter pieces, with'the same large charge allotted
“to the heavy ones;™ or if ‘they- did dinfinish the
‘charge, -the insisting that with-this" diminished
'charge the bullet was nét so stronigly impelled 45
with a greater q»uan'hty of powdet. - Bat this last
assertion;” as it wisi'an insupportable- falsehood,
laid them: under gheat' difficulties, and: gave the =
officers-of artillery ‘(who, front a rehonous attich-
nent-to- the practice of* their: predecessors, “Wene
more usually their declared enémles) great a&vam
tages over them.

f it should' be wtged, that theugh' the small
charges; '}-have:here - mcommehded aré sufficient
for domwex‘ecuﬁon near at hand;” yet they dre mo
ways adapted to the. pirrpose-of 'distant cannons
adings . "L answer, ‘itvithe first place, that these
distant cunnonddings® are rarely of* consequence,
and therefore are not properly:the considerations,
on'which-the present ‘matter ought to be decided.
But farther ‘I assert; 'that the difference in the
ranges, or it the foree of the bullets at a distance;
wheu fired with 3 of their weight of powder, for
instance,” or with %, s t6d inconsiderable to ‘merit
attention.” For from the principles I have formérly
established; it follows, -that a 4 poundér elevated
t0'10°%; atidfired with the smaller of these charges,

. ought to range about a fifth part short of  what it
: o 1 ‘ wou\
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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 oceur-
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 is, a misfortune common to all
those, wio have first reformed any branch of sci-
ence, to have heen obliged to waste great. part of
their time, apd to employ many arguments in
yooting out the prejudices, which they found al-
zeady 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 cen-
futing long confivmed 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 particular 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 ﬁrini against troops
.in particular, bullets impelled wit ve%oc_ities great-
ly short of those now established, are to the full
" a8 effectual. That consequently in this case the
- T charges



o © OF GUNNERY. 85
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. ’ R

-~
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_ to :
LORD ANSON.

My Lorp,

Havine principally by your favour procured
leave to make some trials with large cannon at
~ Chatham, I 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 thercby 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
* 10 charges of powder, either now, or at any other
: time,
e et % _
LI -
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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 sinall 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, wiil 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, I got an 18 poumder 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 of 15°) and then instead of 9 -
pound of powder, which is its customary charge, .
1t was tried with 3 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

' U 2 . rose
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. gose 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 military 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 mear 300 .
yards farther. .

Trying now with 1 pound of powder, or the 3
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 mile and 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 1760 yards, or an English. nile
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 the-expectations 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 putt of about 5 feet square, was
framed of two sheets of the toughest, driest oak
plank ; the first sheet cansisted of planks set per-
pendicularly in tlie ground: But in the second the
lanks 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 always passed through the whole butt, pe-
netrating t{le 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.
- 'The first butt being ruined, another was made
. of five thicknesses of plank instead of two, so that
it was 32y inches through ; the doubles hexe 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

The 18 pounder, successively charged with 8}.
pound, with 3 pound, and with 2z pound of
'powder, the ballet'in each shot went through the
{ut_t, driving every time great quantities of splin.
ters before it ; but the last shot of 23 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 65 inches thick, and 15 inches broad) short

in'two.’ , - :

As I was aware, that- the resistance of these
doubles of plank, was less than that of large solid

. U8 - beams
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beams of timber; I dirccted 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 perpendiculatly 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 butt thus
formed was 4 feet thick, and was bolted through
with iron bolts: of 13 inch diameter; ; 1t was. ‘be-
sidles strongly shored both before and behind.

The .18 -pounger 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 penetratmn was

Lo necu .33 inches.

. With ¢ pnund of powder the penetnatnon was:
oL ey ‘inches.
i - fromr 145-to 155 inches.

+ ] -must opscrye, that in all these mstances vreas
cafe was taken, that each shot .should be planted
" in.a-fresh sound part of the butt, where the,, tim-
bérs had net. been injured:by the preceding trials ;
and I cannot but take.notice, that the jron.bholts,

which bolted the butt together, were bent.: by

shaking of the beams, as if they had been of small
wire ouly ’

+ It may, ])frhaps be ocheted that the clxstance"

of my butt from the.picce. was too Jittle, :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 obliged to.
place the butt nearer than I would have done, on

account of the ground, which was a morass,  pass~

- able only in a few places However, T am.well

satisfied, that in'much greater distances from the

piece, the penetrations would not have been sen-
. sibly

With one pound of pma -der the penetratnon was -
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sibly short of what they came out in these trials.
 For firing 8 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 together withput ramming;: and without
a_ni: wad eit%e‘r upon the powdes, or the. bullet. ;.

‘rom all these expéeriments,, L hope, ' my lord, . X

- may conclude, that small charges are mugch.more
efficacious, than has been. génerally belieyed; that
afer a certain charge: (for instance, 35 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 jm the fogce at a
distance: And that the penetration:.of an ;18
* pounder with 3 pound of powder, is more than
sufficient. for traversing the sides of -the- stoutest
ships. The deductions from..these principles are
very humeroys, and may prove, of. most extenﬁigq
use 1n the service of artillery, bath; at sea and . an,
~ shore; but as I have already trgspassed.so long on
your lordship’s patience,. I shall refer. these con
siderations, together with an agcoumt. of the tralg
of another nature, which, I made at the same timg
 at Chathawm, to:a futnre disquisigion, ...y -, i

1y ce L RERE S PN NPT
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On pointing, or the directing of Canuon ¢e
. strike distant Objects.,

)

THE art of pomnting of cannon, so as ta strike
distant objects, depends upon ‘two things ;
first of which, “is: the tracing on the outside of™
the piecea visual line parallel to the axis, by which
eans the prece is'to -be'difected in all small dis-
tances of the objects ; and the otheris, the detér-
#ithing the allowance-to be made in distant shot,
for‘the incutvation of the flight of the bullet. =
* The first "of these is usually called disparting
snd s perfoimed hy taking half the difference o
the ‘diameters of the muzzle and base ‘ting, and
setting it pem:ndiculaﬂy on the muzzle rmg di-
réctly over the centre; for then & liné, which
passes from that point in the base ring, which is
directly over the centre of the piece, to the extre-
ity of the distdtice thus placed on the muzzle
-ring, will, when the piece is 'tryly bored, be par-
5115’ to its’'axis; ‘and conpsequently’ in small dis-

the = .

tances, wheré no allowance s to 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 object is more dis-
tant, the mare must the piece be elevated above
. the line drawn from the pieee to the object. What *
this elevation is, in regard to the -different dis-
-tances of the object, and how to be estimated,
ghall now proceed to shew. - Th
@
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. 'The incurvation of a shat towards the ground
m 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
18 2 second, is in many cases the moast eligible; -
we shall therefore take it for granted, that the
- pleces 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 -
corresponding ta one degree .of elevation of thig
piece might be reckoned 4350 yards; to two de«
rees 900; to three degrees 1350; and so on;- for,
independent. of the air's resistance, the ranges a¢
- 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 perpes
tually diminishing the swiftness of the bullet, will
_occasion its track to be mer¢ incurvated, .than
would. otherwise hap%en,, and consequently the
ranges will be diminished. Apd this diminution
of‘ﬁe range will be greatest in the smaller shot,
as they are more powerfully retarded, And as the
¢omputation of these varieties may .be thought -
too intricate to be perpetually recurred to, in
. order to avoid that trouble, I have inserted in
the annexed table, the angles of elevation whieh,
in different picces, correspond to different diss,
* tanees. ' o ) '
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Actual | Angle of elevation. |

range —

inyards| 24lb. | 12lb. | 9lb. | 6lb. .| 3ib. .
1400 (4 12 |4 30 4 45 5.0 1557, |,
1200 |3 26 1340 (350 4 0 4 80
1000. (2 45 254 3 0 3 7 |330
800 (2 6 (2 10 |2 13 220 |2 30 |.
600 |1 80 |1 382 |1.34 |1 36 [1 44 .}

1 500 {1 13.]115 (117 |119 |1 22 }.
"~ 400 58 58% | 59 1 0r41 .8 |’

300 43 | 43 | 43+ | 44 | 434}
200 | 273 | 283 | 28: | 283 | 29z |.
100 || 14— 1a+| 1ai+| 14| 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. fgxf,\vhetﬁérf't ¢ ‘object; -
be above or below the piece, need’ 16t be, con-
sidered ; since the fange Wil always dépend upon
the angle by which. its 4xis"is elevated "above the
visudl line; unles§ thé ‘inclination’ of that line
“to the hofizon' be ‘huch ‘greater than usually oc-
¢urs'in practiece.” iEow ‘when the angle of the axis
With' the' visual line is’ known, the: piece is easily
directed in'the following manmer. . . .~ 7,
< Measure.the léngth o% 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 sup{)osing that to a radius of 1 foot, 1%%
of an inch is the tangent of a degree. This tan-
gent being found, suppose* CHBD to be the given
" piece,

® Plate II. Fig. 11.
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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 Tine 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. :
If the directions here glven are literally followed
there will, be two perpendiculars erected, -one upon.
~ the muzzle ring, and one upon the base ring, but
in practice one is sufficient; for if GC.exceed DE,
that difference only, erected upon..the base Tting,
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 nng at C, gne the dxrections
af the piece. .
. 1find, that the cha:lge of. powder@roducxng such
a veloca. ; as. I here suppose to:hg;the most eligi-
ble,. is rom to + of;the weight of the Bullet in
powder, the different gooduess of poyder, and the
difference in the lengths of pieges . producing that
diversity. And thongh, by a varjety in the. charge,
‘the. velocity should not be exactly what is -here -
supposed ; yet in distant. objects (where the prin~
cipal dlﬂ"multy lies) .the ‘inequality . ansmg from
thence wilk-not, be remarkable ; or if it be,: it may
be easily rectified after the success of. three or four
shot have been attended to. ‘
. T shall :only, add,: that in distances not excecd-\
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. Forifin
- those short distances 3 of a degree be supposed to -
be the inclination. corresponding to - every 100
yards, the result will in- all kinds of cannon be
auiﬁcxently near for practxce, as Wlu 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

Here ends My, 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
I{-enoh ship the Mears: 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

ntlemen, who were present at its reading. _

From his memorandums, I find, he had made
many experimen'ts on these sorts of barrels durin
the month of March in 1745; and 403 roug
draught 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, . ...~ . . ,

T must ‘add, that the-sole advantage of tifled
“ pieces, is their preventing this irregularity ; for
« Ey 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 goes
¢ foremost ; and if a small inequality should at
“ any time intervene, it will be presently. rectifi- -
* ed by that part shifting to the contrary side of

the axis. - O
" 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 spiral form, so as to
* make an arfow spin ronndP its axis, without

L R R which

<
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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 every
‘ school-boy finds himself under of making his
- ¢ shuttlecock spin. - -
“ I have made some expe¢riments 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
(14 nOt." N .
Besides, in a Letter Mr. Robins wrote to Alex-

ander Hume, Esquire, dated Fort 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 cannon; you will not be displeased to
" ¢ hear 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 15
¢ pound of powder, and the long piece with three
ounds, and four shot being fired from each;
‘ 1t 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,
“ 1 believe, Sir, you will, ‘on recollection, find
““ to be consonant to what I asserted at your

«

€<

house.
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* house. I hope to procure some irop pieces near-
* ly as light as, the abovementioned six pounders.
“ These pieces 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, ard published in the Phi-
| losophical Transactions, Numb. 492. |

THE_use of rockets is, or may be,  so con=:
- 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 tem -
degrees of altitude, was divided by horizontal -
threads, The station my friend chose, was on
- the top of Dr. Nisbet#’s house in King-street

near é')hea])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

T0s5€
R
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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°;4. From the care and dexterity of my friend,

and the natute of the instrument, I doubt not

but these obsefvations are true, within a few mi-

nutes. '

The distance of this station from the building
in the Green-park is 4000 yards, acdording to
the last great map of London : and hence it ap-
pears, that the customary height, to .which the
single, or homorary rockets, as they are styléd,.
ascended, was riear 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
25 yards higher than the Gréen-park, and little
less than 15 yards below the chests, whence the
great flight of rockets was discharged. ‘

It seems then, thereare rockets, which rise 600 -
yards, from the place whence they are 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 alevel country at above 50 miles. distance.

_ The observations on the single rockets are suf-
ficiently consonant 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 yardg; the altitude
of the highest beimg 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
nuch greater distances. This I 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
ina cloud near nine or ten seconds of the time ; so
thatthe'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 languld
motion ; I cannot but conceive, that the extra-

ordmary time of - their ‘ascent ‘must have been at-

tended by a very unusual rise.



An' Atbint” of ‘stmte” Etpediments,’ vindé® byp:
Benjamin': Robins,. Esq. F.: K. Si Mr,
Saniuel ‘Da Costa; and sevekdlother ghatles
nen, ' order‘ ‘tb," discbver; tlilcv' Hagfall td-‘
which Rockeis may be mdidé to dscend; and t6"
Bhat disttibe their Tight mipy be seews: by
Mr, John Ellioott',..F.’:AR;' S Réadb(fbm
the Royal Society December 13, 1750, and
published in the Philosophical Transactions, -
Number 496,

SOON 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 fdllows, that, if
their light be sufficiently strong, and the air not

# On occasion of the late peacs. '

~
~
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hazy, they may be seen in a level country at about
50 tiles distance; and that from 'the naturé of
the composition, and ‘the usual im‘pel_'f'ectf'ma’nner;r
of forming them, he was of opinion; that rockets*
werg capable of heing greatly improved, and made’
tb reach much greater distances, © - '
‘Mr, Robins not havitly been able to obtain any
certain account to what distance “any of " ‘these'
rockets were actually seen, ‘and’ considering -the’
gieat use that might be mad¢ of rockets in de-!
términing the position “of “distant. places, and ‘in’
ﬁivlng signals for navaland ‘ilitary purposes,’
ie resolved to order Some rockets to be fired at’
an a(ff)qin_ted'time_, and 'to -desire . some of hig}
ﬁiien' s to laok out for them at sevetal very di‘é’tahtj
-places. : S e Y g
k The places fixed upon for this purpose, were
?qé{marﬂt_qu, in*Kent, ‘about ‘50 - miles - distarif
from London’;” Beacon-Hill}'otl Tiptery- Heath, in’
Esséx, at about 40 miles; and Barkway; on the!
- orders of "Hertfordshire, about 38 hiles fr_oﬁi{
LO?Z_JO?’Z...-“"' S L - .ol H PR SRS AR ¢
" Mr. ‘Robins aceordingly ordered some rockets.
to be ‘made by a person’‘many years employed’ in!
tlie Royal' Laboratory at Wealwick'; “to "which!
some ‘gentlemen, who had- béen informed of MrY
Robins's. intentions, 'addéd Some “others of thaik!
own 'making. - The e7th of September,” 1748, af
eight in _the evening, was the time appointed -for
the firing of them ;  but'through’the negligerice of’
the engineér, they were hot Rt off till above half
_ an hour after the time' agreed upthn, * Theré weére!
in all a ‘dozen rockets fired from: Londen-Field at
Hackney, “and the heights weré measured by ﬂ)l'r._’
Clinton, M. Robins being” present, ‘at the dis.
tance of about 1200, yards® fromthe post -from
whence. the fockets were fired. - Thé greatest part
of them'did “nof rlée to abave 400 yatds; ' one tof
about 500, ‘arid one to 600 yafds neaxly. " * !
' . ' Wy

AN
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By a letter I received the next day from the
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, t?;ey rose about, one degree
above the horizon, 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

. Iikewise 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 to -discern any rockets, they
fired half a dozen, which from the bearings of the
places were most probably those seen to the east-
ward by the persons upon Tiptery-Heatl,; and if
the situations, as laid down in the common maps,
are to be depended upon, at aboyt -35 miles,
distance. oL

The engineer ‘being of opinion, that he could
make some rockets of 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 yise 690 yards, The eveping. proved

very hazy, which rendered it impossible for them

to be seen to any copsiderable distance. . I

. . e . (t
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It being observed in these trials, that the larg-
fst of the rockeéts, which We_re'alg'out twd inthes
and a half in diameter, rosé the highest; - Mr.
Robins intended to have made some more expefi-
. énts, in order'to a’ further discovery, what sfz-

- ¥d rockets would rise' highest. But hijs engage:

_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 applicatioh;
Mr. Banks, a gentleman, who had for many years
practised making rockets, and two other persons,
~undertook the prosecuting these emquiries;-and
~having made several expériments, as well with' re-
. gard to thé composition as the length’ which
~ yvockets might'be made to béar in proportion to

‘their diaméters, and of different si“ze_f,ip rockets frgm
'one’fnch and a half to four inchés diameter, they
‘interided thLé ‘Wintef to have “made trials of :sothe
* of yét greater dianietet, had not the death of ‘Mn
“Da Césta preventedit. '~ o
. I shall therefore beg leave to give some aceotint

of the'success; ‘Which has Hitherto ‘atténded this
- indertakihg, so’ far as they went i’ and -as it Has
" been fmuch beyond what was expected, I am-in

hopes, this short rélation will not prove unaccepts
@able. "~ D '

- Amongst some tockets fired in the last 'spring,
‘thete were two made by Mr. Da'Costu of about
three inches and a Half diameter, which were db-
sérved to rise, ‘the one to about 833, the other to
915 yards. . At 4 second trial, made someé time
after, there was otie hade by Mr. Da Costa,” of

four inches diameter, which rose to 1190 yards.
'THe last trial was made the latter end of April
1750, when 28 rockets were fired in all, made'by
different persons, and of different sizes, fiom one
- in¢h’dnd a half diameter to four inches; the most
~ remarkable of each- size were as follows; one of
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“®neé inch and a half rose 'tb”f43')}"a.}ds : one.of two
“inches to '659; one of two inches and 'a Half
"o 880; ‘another of the 'same sjze, which ‘rose,to
.1071; pne of threc inghes tp 1254 ; oneof three
_inches'and a half to 11097 and one of ﬁ)’ul)‘ 'ipc'h'_és,
“which after having rose to near 700 yards,” turhed,
.and, fell very near th¢ graund, 'before it went out.
[ These were all made ?y Mr.' Da Costa. " Bésides
", these, there was one, of the rockets of 24 inches'in
. diameter, which rose tq 784 'yards, and another
“made by Mr. Banks of thé same size to 833. .

As the makiiig 'of large rockets'is, ot only very

;f.l('e’)flip'e_nsiy"e, ‘b"ut'“;_ké'wisé‘n)drg‘}ihcertp_in‘thap "fh'ése
., of-a lesser size ; 50, from the last experimeénts it/is
gvident, that rockets, {;rom two,.inches and a Half
.ufe three inches apd 2 half digmeter,’ are gufficient
,40,auswer ll the purposes they dre intended for ;
,a0d T doubt not may be made t.o'r;i; to a height,
,and ‘to afford a’light capable of being seen to_
" considerably gréater distances’ than those. before
N _Iqq:n,tio,ned..;_ Gty :1.:-:: o :;;‘ :

...; Beforg I conclude this accoupt, it may not be
_mproper 'tq také notice, ‘that, though the heights
1iOf £he,rockets are set down to a single yard, 1t is
_;npt pretended, the method: made use of (though
sufficient for all the purposes of these expetiments)

. 18 Gapable of determining the ‘heights to so great
...Am exactness,; for, as they were measuréd by only
. §ne Observer, itis evident, thatif any of the rock-
.., €ts deviated from the perpendicular, so as either
fo incline towards the, place of observation, or to
 decliné from it; ‘the helg'slt'_ would’ be given either
- greater or less’ than the ‘truth; but as the’ base,
upon which they were measured, was 1190 yards,

. the greatest error, that ¢ia arjse on thi§ aggount,
Iwill be"but very inconsiderable.  If ye shonld
- suppose, there might. be an efrar of 30, areyen 50
.'yards, which' is’ Yerylhi'ghlﬁ’iﬁ;‘réﬁablg;; it must
" then be allowed, that sevéral of thesé rockets rose
to
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. ¥4 1000 __y',a,gds- ,qpe.to .1100, and anotheér to 1200

o doutle o 4n of o 4d T4 e Gren-

“that the 'refation of'this

gffap s0.  exfraotdinary fo sofe
‘v gentlemen _ such ‘thatters, that they .
sipave. .it,ds,;  opinion, , that there
. must certal ve, been some mistakcg eithef in
L plgng. " taking the heights, orfox
.. therwise. - ~to which"T .wduld ' obsetve,
“that, in " efiments mentioned in ‘this pa-

per, the heights were all taken by the same person,
viz, Mr. John Canton, and that tlie last tnal was
made in the presence of several very worthy mem-
bers of this Society. 'That the instrument. being
first fixed ,tp a prgper angle, ‘was ,not-altered du-

© ring the whote time¢ of trial; " and “therefore, if

there had been any migtake in fixing it, that mis=
‘take .\ggyl%il have %aﬁed the height gf all)the lr)ocka
- ‘ets..as_nrach jas thpde oF Mg Dé Copta’ss but it
was those of 1§VI!;‘ pgdff 6s?a only, is“ahd ‘that at
three different trials, which rose to such extraor-
. dingry heights; and, therefore, I think; we have
sufficient reasom, to conclude, ‘that -their measures -

. Were, c§gt§§nla'[,,t§m very near fhe truth; -

.- .
-

.......

...-xi; | : a ..,,Aﬁel'\ '
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_After the foregoing s}_he‘ét_s were’ 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 tothe
.- army; he having received it from colonel Draper,

* whose martial achievements. in the East-Indies

. have added a farther lustre to the'charact‘er of the

polite scholar 'and fine gentléman.

.-+ This disconrse was read before the Royal Saci-
. -ty immediately after that at page 218, and is as

. ollow§.

NATURE AND ADVANTAGE = -
_ o OF : ‘.
RIFLED BARREL PIECES.

HAVING .treated at large in the’ ﬁyéceding
i

papers of_the numérous ji'ri"g?lfati‘ti_es, ‘which take
place in most of the operafidfis of gunnery by the
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 practice, 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 indegd the sole ex-
cellence, all its other boasted advantages appear-
ing on examination to be only imaginary. . The.
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%2 'The ‘method -1 ‘have here in view, -and which I
piopose as the subject of the present essay, is that
- by rifled pieces: and -these pieces, though well
~known on -the continent, being but little used in
~: dnglgnd; itis necessaryto give a short description .
-~ of their make, and of the particularities, in which
- they, differ from the common pieces. For which -
* purpose- 1 must observe, . that the essential differ-
"~ ‘ence between them is this. .That a common piece
- “has its -barrel' smooth. on the inside, whereas the
*i rifled’ piece has its cylinder cut with a number of
“1 spiral channels ; sothat 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 right;line; it .be-
.+.ing usual for-the threads, .with which the rifled
- ¢ barrel is‘indented, to.take a little mere than ene
‘tturn‘in its whole length. The number of these
-threads in each "barrel ate 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 notregulated
"t by anyinvariable rule; but differs ac’cor(Ting; to
. the country, where the work is performed, or the
caprice of the artificer. This is- the general idea
of a rifled barrel, as opposed to a comimon 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-
- {;er quantity. of powder is put down, a leaden
bullet is taken a small matter larger, than the bore
of the piece was, before the rifles were cut; and
- this .bullet being - laid -on the mouth of the piece,.
~and being conseéquently toq large to go down of
itself, it 1s forced by a strong rammer, impelled
. by a'mallet, 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. of the bullet, which is conti-
: . guous
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* guous to! therpiece, vaties rits larculay-form ;* and
- takes the shape of the inside of the barrel: so that
it becoes the part. of. a male serew,: exactly-fit-
'tmo' the indents-of the riflesi: And here it happcns;
“that, whe the piece:is fired; -that indented zoné
 of the bullet. follows the sweep of the rifles; and
“thereby, besides its: pro%t:smve motion; acquites 3
-:gircular motion round the axis of the piecé; which
 circular ‘motion will be.continued to the bullet,
~after itsseparation’ fiom:'the: piece ;.. byi which
‘ineans a bullet discharged-from. a rifled- barrel is
““constantly mide to whird'roand an.axis) which is
“-poincident with the line:of its flight. :: And-hence
it follows, " that > the-resistance  :on -the foremmost
-~ ‘surface-ofthe bullet is equally distributed - tound
i"the pole of .its circular motion;, and acts:withran
 'equal effort-on every side of the:line of direstion §
' so thatithis ‘resistance.ican. produce no dewiation
i fromthat: line, - And {which:is still of.more imas
- portatice) if by the casual-irregularity.of the fore-
-'#inost suifscd of “the bullet;ror .by. any other acci=
:-dent; " the’ resistance’ should -be stronger on-oné
: dide of the pole of the circulat motion than-on the
Icother ; “yetyas the place; where this greater resis:
“vitance acts, -Inust perpetually - shift :its - positiont
- 'rOu‘nd the: lihe; " it which the..bullet flies; the de-
vi ﬂectxon, which this inequality would oecasion; if
! it acted: constantly with the.samg iven tr.ndcncy '
“ 1 ndw -‘continuvally -rectified by the various; and
. 'comtrary tendencies of: that dlsturbmg forece, -dus
L ’ﬁng the eourse of oné revolution.
This’ perpétual correction of w deflective effort
Jon the foreniost surface 'of: the billet;: in.conse:
?uence of the revolution ' of :the': bullet round ;the
ne of its direction; ‘may perhaps: be exemplified,
by - cotisidering'. whak happpnd' ito z..castle-top,
whllst it 'dpins upon’ its point.: :For it will baeasi-
*+ by ‘atknowledged, -that this, withoutits.revolving
""~m0t'ion,--~cmxl ROt obntmwfomthe least. porﬂm} ‘
o
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"of tie 'in' that “sitiation. ' Arid if “we' examide,
- how this happeils,  We shall find ; that, thbigh its
cehtre of gravity is tiot Ractly dver the point,”it
"'spins™bn ;- yet'that “idequality cannot 'mstamily
“bring it to'the groiiiid according to its Ratuial ef=
" fort ; ‘'because, ‘during ‘one revolation, - the: ceritre
i‘of gravity 'preponderatés on every side of the t0p ;
'hhg'l;fl)éreby;xfisés it-as"much in 'one‘place, "4 it
. -“depi‘c§§éd ‘it'in dnother. ‘And this reasoning (sup-
“'posing that the ‘tendency of'thé centre of gravity
" of thetop to descend, be analogous to the action
~‘of 'the Wnéqual resistdnce on the foremost surface
‘of*a bullet: fired from 3 rifled barrel) will' easily éxa
> plin 'B¥w,” notwitlistanding ‘that inequality, the
*pullet” ’k'éePSf true to.its track without “deflection.
“1ARd what-‘ig Thére advdnced, s farther confitried
by the vendtal practice®with regatd: to afows.* For
75ths ;}%ﬁl-l&ibi&n to evéfyl archer, that the feathérs
"‘Lf'ﬁ_ oW iaret placed firt- 4 Spiral formi] 56 as'to
J4nfké the UtrBw spif rounid its axis, without which
“it wolild ‘bé' 0b¥iBus té the eye, that the arrow un-
-Tdufatéd'th 'the-dir, " 4ud- did hot kép accuratély'to
biits direbtidn. - ARd it'is owing'to the same prin-
““I¢iple, “that' ‘évery schoolboy finds himself under
Yithe nécdssity of thaking Ris shuttle-cock spin, be-
“fare he tandepénd upon-the truth of its flight,
" 'This"is’the general theory of the motion' of bul-
~lets 'dis'chafg‘ég from rifled pieces ; and'itis found
* by experiment, that their: actdal’ métions' coires- .
> pond’very well with thése speculatiohs. For ‘the
- ! exactnkss,” which those,” who-aré dextrous in ‘the
* use'of these pieces, aftdifitp, is indéed wondeifal ;.
'and ‘thatat sucly distamces, that if the bullets’were
fired from the common pieces, in which the custom-
ary aberration' takes place, not one in" twehty of
_ ' thém could'ever be traced. : :
"But wliat occurs' most wonderful in this affair,
‘is; "that a'‘méthod so ‘singular and so Successful,
" “aid which ‘hath ‘been so long‘and generally prac-
o _ ’ tised

/
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, tised in many parts of Germany and Swisserland,
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 advantages hence arising ;

- but have constantly répresentef the intention pfgit ,

- 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 experis

. ments, I know to be altogether imaginary. For the
truth of what'T here advance, it might perhaps be

_-sufficient tp appeal to those gentlemén, who haveat .

: any 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 reasons have been constantly al«
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 the bullet received 4 much greater ims
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 re~

. 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 thuch deeper
into them, than if discharged 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, 'I‘Ith

- hat
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hath written about it; and:who appearing himself
tobea practitioner, and t¢' be extremely inquisi-
tive and curious in every branch of this business, .
may be sup};;osed 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 cocleatis ad datam distantiam tubis sclope-
tarum recte inducendis. The second containing
certain carious remarks and experiments on the
use of rifled pieces. Annotationes et experimenta
 quaedam rariora et curiosa ad rem sclopetariam

ertinentia,® I :
In the first of these tracts he gives the following
account of the intention of these pieces. '

. Primus, qui hanc finzit in tubis formam, pro-
culdubio eum habuit finem, ut'globus per gyrum,
ppe cochlearum, inductum, aerem terebrando fa-
cilius penetret atque secet, prohibeatque, ne
binea directionis, globum impellens, a recta ni-
mium deflectat via, et tandem corpus reésistens,
ad quod tendit globus, vekementius feriatur et
tragectetur, quando 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. ER - '

Now that none of the three foregoing reasons
hold true in the use of these pieces ; I have satisp
fied myself by numbers of experiments made with

) iz rifled
# Tam. IV. Ann. 1729. p. 265.
+ Tom. IIL Ann. 1728. p. 158,
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rifled barrels,of varioys, sigzes. For in. t}xg:tpq. expey.;
riments I have found, that,the velogity of the byl
let, fired. from a ritled bagrely was usually: less, than,
that of the bullet fired,fyony a.common piece, with,
the same, proportion. of powder.  Ip #.%fi it is bug.
reasonablg to.expect, that thisshoyld.be the case,
For if. therifles are very.deep, and the byllet is large,
enough to fill:them up, the friction bears, a veky,
considerahle proportion te, the effort of -the pow-.
der; and that in this case, the frictign.is of;consg-
quence epough to have,itseffects observed, 1 haye.
discavered-by. the continued, use of, the same bary,
rel.  Fox the metal of, the, harrel, being . saft, %“Ax
weaning.avay apace, its horg by half a, years,use,
+ was.sensibly,enlarged; andconsequently the depth
of its rifles diminished, - and then I foung, t;ha_t_-ﬁgq _
”ﬁme quantity of the. same;powder. would. give toy
the bullet a velpcity, near. a tenth. part, greater,
than what it.had:deng as-frst. . And, as, the, velo-
city of the bulletis not increased, by the use off
rfled barrels; so neither.is,the distange, itfljes to,
or.its penetration. into solid, substances, Indeed,
these two last suppositions appear af, first sight tao,
chimerical to, merit 3 fosmal, confutatio, But I -
cannpt. help observing, that those, who,haye. been,
habityated.to, the practice. of these pieces, arg very, - -
excusable in having given way, to, these preposses-
sions. For they constantly foynd, thatwith them,
they could fire at a mayk with, tolexablg syceess ;;
though it were placed at thige or four times the.
distance, to.whi¢h the ordinary. pieces, were sup-
psed; to reach.  And, therefore, as they, were ig-
rant of th%trus cause of this vatiety, and did
ot know, that it arose only from pigventing the.
~deflection of the ball; it was not unnagtural, for
them to imagine, thay the superiquity in, the, effect
of the rifled piece was owing, gither, 9, a more viz
alént- impulse, at. firt, o 1.2 WOIG £ASY. PASSAZE
through the air, T '
- - A o e \“-\$~

. . . v 8 o
i RN
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" 'This nray;'suffice ‘as to the general idéa of - the
form-and:convenience of a rifled piece; and before-

T enter into-a detail of the varieties in its-fabrick;

and 'manner of ‘charging it,” or engage -in any mi-

pute discussions relating thereto ; it will:be expe-
dient ‘t6 insert some experiments, by which it will ©
appear, how well" it’ answers' the purpose; I-have. -
mentioned above; I mean that of ‘keeping the

. ball‘ to its ‘regular’ track, by preventing that- de-
flection, which, as we have' seen, takes place-in-
the bulléts-fived ftomr common pieces:

‘And‘first I considered; - that in consequence- of':
{He Teasoning about the manner, ir which it:pro-
-daces this effect ; it'should folléw;, . that the samé
hémisphiete of the bullét, which lies- foremost: in:
- the plece, must cantinue foremost during: the

wholé.course of its flight: T
" To  examine this Barticular,' I-took a rifled bara ~ -

rél carrying a bullet of six to-the-pound; but in-:
stead of'its leaden bullet, I used a wooden one of
the same size, made of a soft springy wood, which-"
betit' itself easily inta the rifles m%ou't- breaking, -
And firing the piece thus loaded:against a wall:
at' such a distance, as' the bullet might not be
. shivered by tlhie blow; I. always found, that the,
same surface,. which lay foremost - in the piece,-
continued foremost without any:sensiblé-deflection,
duiing 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 wooden bullets wene but the stx
* teenth part of the weight of those-of lead ; I con-:
clude, that'if there had been any unequal resis-
tance or deflective power ; its effects must have
been ‘extieimely sensible upon this light body ; and
. ¢onséquently in some of the trials I made, - the sur+ -

face, Wwhich ¢ame foremost from t_he~picce,' must -
have been turhed round ito another sitiration.g- :
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But again, I' took the same piece, and laadin
it now with a leaden’ ball, Iset it-nearly perpén-
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 generally |
cantinued about half a minute in the air, .1t rising’
by computation to near three quarters of a inile,’ -
perpendicular height., B

1In these trials I found, that the bullet commof-. °
1y came to the ground to the leeward of the piece, . -
and at such a distance from it,'as nearly” corres- .
ponded to its angle of inclination, and to the ef- -
fart, of the wind; it usually falling not nearer.
to the piece than a hundred, nor farther from it
than a hundred and fifty yards. 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 eften amount to half a,
mile, and perhaps considerably, more ; though this.
experiment would ‘be a very difficylt one to ex-
amine, on account of the little chance there would, " -
be of discovering, where the ball feil, - ..

.Butit is now time to mentian the varieties of these
pieces,- and the different me¢thods made use of in
different places for charging them. '

The most.usual.is, doubtless, what I 'have already
recited, that of fercing a leaden bullet down the
piece by a strong rammer driven by a mallet. But
n some parits.of. Germany and Swisserland, an,
improvement is added to this practice; especially
in the lasger pieces, which are ysed for shooting
at great distances, : .

~ .This is done by cutting a piece of: very thin
lgather, or of thin fustian, in a_ circulat shape,

somewhat larger thap the bore of the batrel. ‘Lhiy
circle.being greased on one side, is ‘la'liii _,l'l'_lE)'Q_‘I'l"th_é‘
wuzgle with its: greasy part downwards, afd”the
© bullet, being placed upon it, is tl,x.c%n.f'qfc.r:d..'.dp‘v]vr.u

' the |
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_the barrel with it; by which means the leather or
_ fastian 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 barrels,
which have been made in England (for I remem=
- ber mnot 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 ‘means, when the piece is fired,
the bullet is'fdrced through the rifles, and acquires:
the same spiral motion 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 most perfect method for the construc-
“tion’ of these sorts of barrels.

After what hath been said of the advantages of =

_these pieces, I must make a few animadversions
upon their defects. And in the first place I must!
observe, that: though the bullet impelled” from®
them keeps for a time to its regulartrack with suf-
ficient nicety; yet; if its flight be sofar extended,
that its track is much’ incurvated, it will then of- -
ten undergo considerable deflections. This, accord-
ing to’ my experiments, arises from the angle at
last made by the axi$, on” whichthe bullet turns;
and the direction in which it flies; for that axis:

. cdntinuing neatly ‘paratlel to’ itself, it must neces-

sarily"diverge froni-the line of the flight of thé bul<? -

* let3  when that'liite is beént fromi its original direc-
tion} and-when" it: once happens; that the bullet
whirlsron ‘=n asis, ‘which;io‘léng&*q_oinéidés 'Wi;lh"

T : : . the
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the line of its flight; then the uncqual resistance
described in the tormer papers will take place, and
the deflecting power hence arising will perpetdally
increase, as the track of the bullet, by haying its
range extended, becomes more and more incur-
vated. ' B ' '

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 sutlicient regularity ;
but being afterwards elevated to twenty-four de-
grees, it then ranged very irregularly, gererally
deviating from the ljne of its direction to the left,
and in one trial not less 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 considering, how the revolv-
- ing motion was combined with the progressive
oue, it appeared, that a deviation that way was
to be expected. e

The Dest remedy, -I can think of for this defect,
is the making usc 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 larger axis; and its centre of gravity
lying ncarer to.its fore part than its hinder part, its
longer axis will be constantly forced by. the resist-
ance of the airinto the line of its flight. As we
see, .that by thesame meang arrows constantly lie -
in the line:of their direction, however that line be .
incurvated. : O
. But "besides this irregularity already’treated of;::
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.
Eor I find by.my experimerits, that the velocity
- . . (*)
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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

‘piece. ‘ S -

This, as I conceive, is owing to the great quan-

- "tity of friction, and the impossibility 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-

“rél in the manner described above; perhaps by a
‘careful attention to all these particulars, great part
‘of the inequality in the velocity of the bullet may
be prévented, and the difficulty in'question be in
some measure obviated : -but till this be done, it -
cannot be doubted, but the range of thesame
‘prece at an elevation will vary considerably in each
trial ; although the charge be each time the same.

- 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
yards; ‘yet, when it'was Taised to‘an-angle of about
twelve ‘degrees (at' Which angle "being fired with
about one-fifth of its weight n'powder, its me-
dium range is mearly a thousand yards) in_this
case, 1 say, I found, that its range was variable,
altlfough- the gréatest care was taken to prevent.”

" any inequalities in the quantity of the powder, or
the manner of charging. 'And as in' this case, the
angle was too small for the first mentioned irregu-
larity 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, Co o -

o Y2 : From
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From all that has been said- then about the yse
-of rifled barrel pieces; it is sufficiently obvious, *
.that whatever tends to diminish the friction ot
these pieces, tends at the same time to render
them more complete ; and consequently it is a de-
fMuction from henee, that the less the rifles are in-
dented, thebetter they are; provided they are just
suflicient to.Keep the  bullet fram tyrping round
- in_the piece. It likewise fpllows too, that the
bullet ought to he no Jarger than to be just.press-
ed py the rifles ; for thel,e'asjer the bullet movgs; in
#lie, piece, supposing it not tp. shift its position,
Hhe wpore violept and accurase will its flight be.
AR o ronder ghis last article the mope complete;
It 13 mecessary, | hat the sweep of the rifles should
e in each part exactly pagallel to each other. For
theén, aftéy the bullet1s once put in motion, it will
Midg out of the barrel without any shake, .and yith .
& pich smaller degree of frichion, fhan. if the
1hreads of the rifles have nat’all of them the'same
Jegree of incurvation. e .
1e,,fo ' -are 80 exact in-this article, that

hey 1 PISCss: as a this particular by asin-
g’ﬁi" "7 For they first pour melted Jgad into

em,. 4 . . jt.cool,- they procure @ leaden
: ,ﬁ?{l‘g aof. ~. o 'Q.T?%fﬁﬁ diameters in
pgtin,_ ' to one part of the inside of
Jhe, piege; . this leaden. cylindefy, "being
geptly pyshed  rammer, Wil pass from. one.
god o€ the | the other withoyt any stasible
e AU ¥ prpmounce the piece perfect;
A . sticks, or ‘maves hard, they
gsteenrit N ST
'{i ‘Tom ,og these¢ that
they gap an | made usé iMets ;
&}&QX i cannot be djust-
' the " of eitl anon-

.. . However ' thesamepnac tim, whence
pieces derive 'pe'rfec'{;_;gp, other artifices
" . . . may.

(TR
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may be deduced for the regulating the flight of
. these more pondereus bodies.” On some of these
methods, whichhave occurred 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 -clese 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 ef -
.any, one kind of arms ;- and will perhaps fall but
Jittle short of the wonderful.effeots, which histories
relate to have been formerly produced by the first
.nventogs of fire-arms. o

“THE END.
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