











" DOCTOR WILSON:

PREFACE:,

sl Ppublifbing thefe tracts of my friend My. Benw
Jamin Robins, 7 /bonld premsfe Jome account of their
author ; together with fuch vefletions, chiefly relating

to mathematical [ubjets, as may occafionally arife.
This excellent perjon was born at Bath in 1707. As
bis parents were not wealthy, and alfo quakers, it was
much jfeared, left the JSurprifing progrefs be had by
bimfelf early made in warious branches of literature,
would be interrupted through want of due encourage-
ment ; efpecially among ft a people, who Profefs not the
Jame efieem, as the veff of the world, Jor the learning
they fiyle buman ; fuppofing it not requifile either to the

underflanding or explaining divine fubjeéts.® -
However, fome particular friends of Mr. Robins
being very defirous that be micht continue bis Dpurfuits,
and bis merit not be lof in obfeurity ; wifbed for this
purpofe, that be could be properly recommended 20 teach
i this town the Mathematics, which bad been one of
the principal objeifs of bis fludies. Hith this view
therefore they communicated to a gentleman bere a paper
wrilten by bim, in order to learn wha? judgment per- -
Jons of knowledge might make of his abilities. This was -
Jhewn to Dyr. Pemberton, who, thence conceiving a
good opinion of the writer; for a farther irial of bis
Proficicucy [ent him fome problems, of which the Doctor
; : a8 required

3 * Barg‘lay’s Apology, Piop. x. § 18.
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Vi..: «  Dr: WILSON's Beae |
required elegant folutions, not thofe founded en algebra-
ical calculations ; adding an example of fuch a folution,
that the young geometer might the more readily compre-
bend bis meaning.  An anfwer was returned by Mr.
Robins, that gave a very advaniageous idea of ¥is
zafle, as well as invention. : LEags
Upon this e came to London ; where bis prefence
Sl increafed the favourable [entiments that bad been
entertained of his talents.  For befides bis acquaintance
with divers parts of learning, there was in bim, to an
ingenuous afpel?, joined an aitivity of temper, togethey
with a great facility in expreffing bis thoughts with
clearne/s, brevity, firength, and elegance ; endowments,
which do not always accompany fludions” perfons. But
though Mr. Robius was poffeffed of much more skill
than is ufually required in a common teacher ; yet being
very young, it was thought proper, that he [hould em-
Ploy fome time in perufing the beft writers on the Jublim-
er paris of the mathematics, before be nndertook pub-
licly the inflruétion of others. In thisinterval, befides
improving bimfelf in the modern languages, he'had op-
portanities of reading in particular the works of
Apollonius, Archimedes, Fermat, Huygens, De
Wit, Slusius, James Gregory, Dr. Barrow, Sir
Isaac Newton, Dr. Taytor, and Mr. Cotes. Thefe
authors be readily underflood without any affiffance ; of
which he gave frequent proofs to bis friends. Among [}
_others, one was a demonfEration of the laff propofition
of Sir Isaac Newton’s Treatife on Quadratures,
which was thought not undeferving a place in ihe
Philosophical Transactions.® _
Noz _};ng after, an occafion sffered for him 1o exhibit
20 the public a fpecimen alfo of bis knowledge in natural
. philofopky.  The Royal Academy of Sciences at Paris
bad propofed amongfl their prize ‘queftions, to demon-
- Prate the laws of motion in bodies impinging on ane
another.f  The celebrated M. John Bernoulli here
-0 ; " 3 con-

- * For 1727. No. 397. 4 IA'!’(% ay'd.l'?za. ( 3
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conds ﬂena’ad to be a candidate ; and though k;: Ds, jgr—
2ation lof} the reward, be apﬁe&led to tis learned world
by printing it.* He therein endeavoured to effabli ib
M. Leibnitz’s opiuion of the force of bodies in motion,
fram the effelts of their firiking agamﬂ fpringing mate-

- #ials ; as Signor Poleni had before attempied to evince
- the jame thing from experiments of bodies falling on foft
and yielding fuéo_/izzme: Bur as the nﬂuﬁaem‘y of
Signor Polent’s arguments bhad fbrmerl_y been demon-.

 Jirated ;¥ fo Mr. Robins publifbed in a Journal, called

" The prefent State of the Repubhc of Letters,f an-
unanfwerable confutation of M. Beruoulh’s perform-
QU

1t may indeed Jfeew firange, that a mere tyro fhould

- thus overcome [fo redoubted a velevan. But though
- M. Bernoulli muft be allowed to have bad a confider-
able [bare of invention in pure mathematics ; yet, when
any phyfical caufe intervened, he feldom could avoid
Jalfe re[ﬂnmgs being deficient. in that diftinéEnefs of
conception, fo ‘neceflary for [fecuring againfi error i -
thefe more complex fubjects, and which was poffeffed by
Myr. Robins i a fupreme degree. .

Now the recommendations of bis frzends, Jupparted

oy fuch anthentic teftimonies of his abilities, foon pro-
cured bim many Seholars ; amongft thefe, feveral weére
o real genius, who at preftﬂt make an eminent fignre

. en public affairs.

But it may be bere olg/emed tbat about this time ke
quiited the peculiar garb and profeffion of a quaker ;
for mot. baving the leaft tinflure of obftinacy, fuper-
Stition or® enthufiafm in bis nature ; be foon got over the
prejudices of education, and bad an utter gverfion toadl a
feigned part, However, be continued to cultivate a
Friendfbip with feveral deferving perfous of that per-

fuaf on 5 uot being ignorant that at all times, and _in
a4 ' el

% Discaursssur les loxx de Ta communication du Mouvement.
Par M. Bernoulli & Paris, 1727. :

+ leq hical Transactions in 1722- ND. i
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2 D WIPSONs
all places, there bave been great mumbers of learring,

Jugacity, and even honefty too, who through the force of
carly impreffions, and a certain caff of temper, bave
made moft palpale abfurdities the objeds of their faith.
~ Myr. Robins’s way of infirufing was genevally fimi-

“lar to the courfe be bad followed bimfelf ; but as be -
only taught perfons fingly, and not in claffes, it was in
bis power to vary his method according to the capacity
or intention of each learner. However, be always be-
gan with the Elements of Buclide, not as interpolated |
4y Campanus and Clavius, or anatomifed by Herigone 3
and Barrow, or depraved by Tacquet and Dechalles;
but according to the original, bhanded down to us by am-
Ziguity ; much lefs did be ufe any of the new modelled
Elements, that at prefent every wheve abound.

By what is bere faid, I would not be underftood to
diffuade the confulting Clavius’s Euclide at a proper
Zime ; for as in it there is nothing inconfifient with the
JIriftnefs of demonfiration, fo it coniains many curions
Pparticulars velating to geomeiry. And indeed the con~
tracted form into which Dr. Barrow bas reduced the
Elements, may be of ufe for refrefbing the memory,
after the original has been well confidered ; the fame
Judgment may be paffed on bis Archimedes,” Apollo-
nius, ard Theodofius. : e T

For want of fuch a beginning in bis fludies, many a
mathematician, who bas acquired no fmall fame, bas
been altogether incapable of framing a [ynthetic demon-
Seration, as it ought to be, or even of readily comprehrrd-

- ing one fo confiituted ; but would be apt, though it had
all the perfettions poffible, to imavine it tedions and ob-
Jeure, through bis not being acquainted with the ge-
nuine exprelfion of the true geometry. Hence the writ-
ngs - of great part of the moderus on mathematical
Jubjeits abound .with inartificial computations.  1'he
confideralion of which led Myr. Robins often to repeat
@ aying of that elegant writer- Joannes della Faille :
Mathematica mult {Ciunt, mathefin pauci.*

_ # De Centro Grav. Ciréul. & Ellips. i thie p
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- Amongft Myr. Robins’s fcholars, fuch as wwent after-
‘awards to Cambridge, in ordey to qudlify themjelves
Sfor ane of the learned profelfions, were wont, 45 is
the cuftom of young men, frequently 1o gnter into warm :
" condefis with the difciples of Mr. Profeffor Saunderfon,
Phar gentleman ufing there a very different method of
inflrucgion. And indeed I have met with ingenioys
perfons, who, though they allowed Euclide’s "Elements
10 be the perfeiieft book of the kind ; yel did not*think
it the moff proper introduclion for the generality of
V' fudents, at leat when ranged in claffes, the way of
teaching principally followed in univeifities ; but the
eontrary of 1his opinion appears to bt irue from the
conflant and very fucce/sful prailice of the lare fumous
Mr. Maclaurin, who, I otferved with pleafure, al-
ways begun bis academical courfes with the Elements
" of Euclide.* . i :
And these Elements well deferve to be carefully con-
fidered, even by fuch as do not intend to devote muck
of their time to mathematical fpeculations ; for they are
move ufeful, in order to acquive a babit of firi7 reafon-
ing, than the moft laboured [3ftems of logic ; that art
owing in greal meafure ils original, and indeed being
bef} fitted for making formal anfwers, to the childyb
~ and ridiculous conceits of thofe quibbling fopbifts, whofe
impertinence Plato has fo jufily expofed ; appears Jo
far from being the moft natural means of difcovering
' “and judging of truib, that the great mafler | of the'art
dlfelf was a very bad reafoner..
* The two chief grounds of falfe reafoning are, ambr-
guity in the ufe of words, and principles baftily taken
wp ; Jcarce amy one ever offending againfi the rules of -
mode. and fignre in [yllogifms. But theyfurefl defence
againfl thefe two grounds of error, is exercifing the
mind in [ubjeils, where a courfe of réafoning is folloto-
ed firee from perplexityin the terms, and difintangled from.
wncertainty in the principles s &y which we may gain a

: T Mg : babit
-+ * See his Life before his_cho.v,lgt'brfk' Sir Fsaae Newton’s Phia
. Josophical Discoferies. - o s Aristetle. . 54
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babit ‘of di ﬁznguz/bzng between perfeft veafoning aad”
"z}bate‘ver i dgrermt dggrees takes om:'y the appearﬁnee
of it ‘ o

Euclhide in bis Elements bas fbe advazziage of ué-
- Jeit, the jimplicity of which keeps it almoft neceflarily
free from any ambiguity of tevins, and his demonflrations .
are condufted with the moft exprefs defign of reducing
the principles affumed to the fewefl numbers and moff
evident, that might be; and in a method the moft pa-
tyral, as it is the moft conducive towards a Juft and
compleat comprebenfion of the fubjelZ, by beginning with
. Juch particulars, as are moft eafily conceived, and flow
wmof} readily from the principles laid down, thence by
gradually proceeding to fuch as are more obfcure, and
-7equire a longer chain of argument.®

And this great regard lo perfpicuity, in the method
and form of reafoning, was [o peculiarly the cbaratier-
iftic of the mofi ancient geometers, that Mr. Robins
¢hofe to initiate thofe under bis inflruction in the Ele-
ments of conicks by Apollomus, 77 prrference to any
modern autizor.

To fuch as bad a talem for invention, be recommend-
ed the-geometrical analyfis of the ancients an account of
is elegance, which muft be allowed in many cafes by
tbe moft profefl admirers of algebra, . Even M. d’Al-
embert ‘acknowledges,—il y a des cas ou lufage de I’
- Analyfe (be means algebra) loin d’abreger les demon-
~ ftrations; les rendroit au contraire plus embaraffées.

De ce nombre font entr’autres plufieurs probléemes
ou theorémes, ot il sagit de comparer des angles
entr’eux.*  dnd Dr. Halley, though be bad formerly
beflowed the bigheft encomiums on algebra,t yet when
~be. became a iguatmfed with the geomelrical analyfis,
\gave this the preference, faying, Methodus hec cum

~ algebri fpeciosa facilitate contendit, evidentid veroet

‘demonftrationuniclegantia cam longefuperare videtur:
mzd qf"terward.r be add.s, Verum pef‘pendendum eft; .
ahud.

% Encyclopédm, tom. I L S
; + Phdnsopﬁtcn'l T.mn&dr!ﬁ@% No,
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~ aljud effe problema aliqualiter refolutum dare, quod
- modis variis plerumque fieri poteft, aljud methodo
~elegantiffimi id ipfum efficere ; analyfi breviflima
et fimul perfpicud, {ynthefi concinni et minime

opewsi. - Hoc veteres przftitiffe argumento eft

Aspollonii liber, quem impreefentiarum tibi fiftimus.*
- ds to the principles of algebra Mr. Robins 4fed to
deliver fhort precepts of bis own, free froin the intri-
© cacies and mifconceptions, by which ibe generality of
wrilers bad obfcured a matter in itfelf very plain and
eafy to be comprebended. The interpreting the terns of
affirmative and megative, which in reality exprefled
only the relation of one quantily to another, as implying
Jome abjfolute qualily in the quantities to which they are
prefixed, bas occafioned all that air of myfiery, by which
learners ave fo unneceffarily perplexed. As a flagrant
. proof of this, fe¢ the very extraordinary account of af-
Jirmative and negative quantities in Dr. Sawnderfon’s
voluminous Treatife of Algebra; p. 50 and 56.
Myr. Robins explained the decirine of Puxions, and
what is wfually fyled the fublime geometry, after a clear

and genuine manner ; not having the leaft recourfe to -

the abfurd notion of indivifibles or infinitefimals, but as
it is delivered truly, though wvery bricfly, by its great
inventor in the inlroduiZion fo bis admirable treatife on
quadratures. . What a crude idea the feme Dr. Saun-
derfon gave his fcholars ‘of thefe [peculations, before
Myr. Robins bad publifbed an explanation of them, ap-
pears from his pojthumous piece, called The Method
ef Fluxions, printed at London 17 1756,

I fbadl not proceed to defcribe Mr. Lobins’s way of
infbructing in the feveral branches of mixed malhema~
tics ; whereof he was a moft perfefi mafler, and on
awbich-he could deliver bimjelf with the utmoft clear-
nefs: I (ball only obferve, that as be well grounded

his_fcholars in #rue geometry ; it was eqly for bim io

inform them of the praéiical parts in a mare Jeientific
- mannuer, than they are bandled in the vulgar tr,eatg[}é,
Rationis, Oxon, 1706.
) 333 A R ey X o
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The modern authors, Myr. Robins chiefly wvalued, i)
were fuch as gppreachgd the neareff in their manner of
writing to that of the ancients. Amongft thefe the
great Huygens flands in the firfl.place. But thofe who
“bad the care of publifbing his pofibumous works, feem
20 bave been of a different opinion ; when they tell us,
they once bad thoughts of changing bis real demonfira-
2ions into algebraical caleulations ! 4 e,
My. Robins alfo bad the higheft cficem Jor. Dr.
Barrow’s. leciures, and recommended 1hem ufually to
bis febolars ; for in thofe, that treat of the mathematics
i gencral, they would find amongst other excellent
things concerning the nature and principles of the fci-
ence, a juf} defence of Euclide, and a full explanaiion
of bis tdea of proportionality » and as the SJubjelt is
vbandled in a popular manner, fo the author, befides
Shewing much real learning, and exquifite choice in bis
authoritics, bas not only fupported bis peculiar Jenti-
ments with great fubtilly of reafon, but alfo adorned
bis difcourfe by a mafculine and true eloguence.
In bis optical lefiures they would fee the principles of
catoptricks and digpticks fet Jorih in the compleateft
manner. - Theve the afual interfefFious ave determined,
which the rays of light, iffuing from any point of an ob-
J¢4Z after refleiZion or refraftion, make with each other,
as alfo the limils of thofe interfeions, and howw the
rays, the nearer they approach thofe limits, are more
and more conflipated ; whence fuch liits are called the
Joci, as the line paffing through them all bas been Jince
named the cauflic.* * Next, the author finds the princis
pal foci in different lens’s.. Afterwards be treats in
general of the apparent magnitudes of objects, and then
particularly affigns the images of plane furfaces. The
whole is intermixed with feveral curious propofitions in
S TEEe ey 7, Zeometry,
* This Dr. Barrow determined in circles only s his successor
in circles and in other curves by méans of the radius of curva-
. ture. See Borrow's Optics, Le . Xiii. Art. 25, 26, Newton’s -
Optical Leétures, Part. 1. S¢ Prop. 32, 33 3
 tise of Serics and Fluxions, Prol
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Zeometry, and confirmed by moft accurate demonfirations,
which bave been praifed as_fuck by, Sir Maac N ewton
bimfelf % wbo fuppofed bis auditors well ‘acquainted
with thefe leflures of bis predeceffor, inorder to under-
JStand perfectly the fublime difcoveries, be was deliver-

- img fo them. B e
Dr. Barrow’s geometrical lefiures alfs ochibit great
marks of genius and invention.  He there at the begin-

- #ing difcourfes briefly, yet clearly, about miotion” and
time ; then fhews, fromw curves being generated By mo--
tion, how are deduced feveral of their peneral proper-
sies.  Next he determines the tangents and areas of
Cyrves ; inferting many curious propofitivns of different
kinds, as concerning the tangesits and fecants of the cir-
cle, the conic fuperficies, €c. and in bis laft leFure be
Joews, bow to determine the limits of equations, better
than had been done before, or even fince. ke :
£ am the more-particular in relation to the works of
this great man, as I think they are too little at prefent
regarded ; aud I fhall farther ftrengthen mine and M.
Robins’s zhoughts of them by, adding, ro Sir Iaac
Newton’s judgment of the optics above quoted, the
Zeftimony of the famous James Gregory concerning -
both the optical and geometrical lefures ; the Dofor's
matkematical leGures not having been printed in bis or
Mr. Gregory’s life-time.  This excellent mathemati-
cian, though he bad wrilten profoundly on the very
Same [ubjeits ; yet in bis letters to bis friend Mr. Col- -
lins, tbus candidly gives bis opinion. =~ Mr. Barrow in
his optics theweth himfelf a moft fubtle géometer,
fo that I think him fuperior to any, that I ever look-
ed upon. . I long exceedingly to fce his geometrical
Jectures, | efpecially becaufe I have fome notions.
upon that fame. fubje¢t by me.. I intreat you to
fend them to me prefently, as they come from the
' o e : " piessy”;

* —cum Dissertationes, quas hic non ita pridem audsvistis,
andd rerum opticarum varielatey novarum copié, et accuratissi-
earundem u strationibus faariaf compostte j———.  New-

Lett. Optic. atrthe beginning.,

e
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prefs, for I efteem the author more than “you cin
eafily imagite.* 48 Mpr. Gregory’s expeilalions
were not in the leaft difappoinied ; for baving received
- thofe leflures, pe writes Myr. Collins word, Barrowvii
( Geomerricas ) Lectiones fumma cum Voluptatc,gfﬁﬁ
tentione perlegi; atque omnes qui unquam hifce de @~
bus fcripferuntinfinitointervallo fuperaffe compe
1 need not mention Mr. Robins’s opinion of Sir I
Newton ; fince he has bad occafion to declare it Jo often
i1 the following trafts. And indeed Sir Haac Newton’s
Sfame feems at prefent to have furmonnted all oppofition. &
The philofophers of a neighbouring nation acknowledge |
bis merit.  Though they bad for years quite overlooked. |
bis book of eptics ; yet moww they fpeak of it in the 4
bighest terms.t  Hnd they bave at length adopted at- 4
tralfion under the name of wuniverfal gravitation s
which they bad long rejefted as an occult quality, on |
account 1fs canfe is not difcovered.  They might as well
bave negledied the confideration of the lawws of motion ;
becaufe 1t is not known, why motion arifes Jrom the col-
lifion of bodies ; or the contemplation of the cffelts of
light, as it bhas not been Jound out, whether it is owing
 to beams darted immediately from the luminous objecs,
or. to impreffions made on a furrounding medium, or to.
Some more larent caufe. It is the bufinefs of the true
Philofophy to explore the moft fimple caufes, and Srom
their combinations to account for the varions phanome-
#a i naturc.  But all the objeétions that could be.
raifed againft this lrue way of philofophifing, Sir Haac
Newton bad previonfly obviated in bis works. OF . this, .
they feem at laft to be fenfible, from baving confidered
them more atlentively ;|| and accordingly “they are at-
Lempting 1o make improvements on bis principles.
; o b i A e
* Dr.Ward's Lives of the Professois“of-&eshmm,cq?lege, p-161.
¥ Commercium Epistolicam, p.95. it Wl
t Ouvrage vraiment digne de Uadmiration de tous les siecles.
i ;-y ?f the Roy‘a';:Aea.t;'gmy of Syciences at Parq}gyibr 17525
||l Memoirs of the ade 3cic
o Paris 1748, p. 329.
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- them want the sanction of his own appro

wof Sir Godfrey's benefaction.

' to approve of the same, and to put into my hands

N (Sl

ed Mr. Robins to reccive the annual prize meda

XX e 7_151!{» WILSON’s

As 1 say th.e bef'ore-mcnﬁmed*émﬁrim&ﬁ
not escape his metice, so neither would

and he has therefore this year, as :tBe"swErﬁ’:f
executor of‘the late Sir Godfirey Copley, noy

of golg,

. bestowed by the Society in consequenc

I accordingly, at a late meeting of your coizn-
cil, acquainted the gentlemen there present with
this appointment: who were unanimously pleased

a medal, upon which, according to their order, I .
have caused Mr. Robins’s name, and -the date of
the present year to be engraved. e e |
It is from these experiments, and from those
others which Mr. Robins 1s still preparing to ex- |
hibit,ethat we may expect to see compleated the
whole, and the true theory of projectiles. What
Galileo and Torricelli, who first demonstrated the |
motions of these bodies in wacuo, knew to be still
wanting in their theories, will hereby be supplied: |
and these payticulars will at last become 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 resistanges made to bodies in motion, during |
~ passgge through the air and other fluids,
and those™pon  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 OSE
from the highest part of the cupola of St. Paul’s
¢ Fay v o e Ch .
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bim much boneur abroad ; Jor the famods M. Euk:r
tranflated it into High Dutch; accmpan_ymg this
Sinall piece. with an immenfe commentary* and beftow-
zag Ppraifes on ity yet unot without aitempling to difcove
“errors. This was printed ar Berlin i 1745,
M. Robins feen after informed me, that M. Eulers
| principal obfeitions arofe from miftakes ; the fource of
whkich baving found ont, he intended to publifl an an=
Swer 2 but from that time continual zzzierrupz—‘zons pré=
-r)mzed B, s
It bas alfp been tran 1flated into French 5y M. Le |
Roy st and it is often mentioned with epplaufe in the
Literary 7ourna1.r of Europe. Fbe authors of onc qf
them in giving an account of M. Du Hamel’s experi-
ments on the fame fubjeil, add---il nous expose & |
cette occasion quelques experienees trés-curieuses
faites par d’autres physiciens particuliérement par
M. Robins, que Angleterre comptoit au nombre
de ses plus gran o-éometres, mais que la mort lui
enleva 1Ly a déja quelques années. ff :
The reputations be juftly acquired &y this peszrm-
ance, made a foreign profeffor of the mathematics,
when in London, pay bim a vifit ; and bis efteem for
Myr. Robins was by that interview greatly improved, .
infonuch that on bis return bome, be commended Mr.
Robins /o effectually to the late prince of Orange, that
be was invited over to affif} in the defence of Betghen-
op-Zoom, then invefted by the French ; and be did
-accordingly fet ont for that place ; but it was entered
&y the befiegers, September 16, 1747, Ju_(i qﬂer Jm.'
a!rrzwl m tbe Dutch amvy. By _

o T}ns ceiebnted work has lately been transla,te& mta Eng- 3
ﬁsh, ‘by order of the Board of Ordnance, with many necessary
Remarks and useful Tables, by Mr. Hugh Brown of chaTmer, ;
pubhshed in one volnme, in quarto. iy 3 g

}{mmﬂ de I’Academie deSciences i P:xms, mr ;;ﬁ .45,

g nnmal des Scavans, Mai 1743. Noy. Adta Er dait

1746. Mem, de V'Acad. des Scienccs d Paris, 175 P- i
Mem. des Scicuces & Benes‘jzcttveaﬁ.ﬂer}m, ann.’ !W,.m ] % :
,u Jonmnl des Sqamns,"Jan. 1755.
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ﬁtewmg bis fRill in military dffairs s fo fomeyears be= -

o fore be was d_i/appamted ‘in his bopes of ferving that

k:wed to be intepded againff the Havanna.' And
. Mr. Robins baving bad a manufeript plan of it, dvawn

azq)an the [pot with great exadnefs, given to bim by fome
of bis friends, immediately applied bimfelf to cinfider,

bow the fiege of this city, now delineated &z_’,fbrt him,

might beft be attempted ; and by great pains in inguir-
iug of numberlefs perfons, who bad been there, got fuch

Suformation, as enabled bim ro write @ very accourate .

Jebeme for the conqueft of that important fortre/ss in
awhich fcheme, after baving deftribed the circumjacent

country, and pointed out the propercf place, where the
troops might land, be then fet down a wvery Qarticular
account, in what manner they ought to proceed, flep by
Siep, thirough all their attacks, firft againft the eroaﬁkb
and then againfl the body of the town stfelfc «

This fcheme,. togethér with the manufcript pfﬁm _;nﬂ&'

mml:aned Mpr. Robins prefented to Lord Cathearty
not without bopes, that bis Lordfbip would thereby be
nduced to allot him a ﬂmre in the execution of ‘an en=
terprize, be bad fo fully marked out, as bardly to

omit a fingle circamflance, that ftood in ueed of expla~.

nation : but bis expeltations were totally difappointed ;
for notwitbflanding the prefent was receéived with great

readinefs, and many encomiums beflowed upen the com-

" pleatnefs of thke performance, yei bis LEordfbip was
quite ﬁkﬂt with regard to engaging bis perjonal affift-

- ance. Many people then judged vhis coldue/s to pro-
ceted from Mr. Robins having been atiachbed to the
wrong fide of political party; but time foon difeovered
Carthagena, ‘and not the Havanna, e l:c the great
objel? of that unfuccefsful expedition.
‘@&ozgu{ymr; f{?;r this difappointment, Mﬁ‘ Robins
‘bad the good fortune (o be engaged in a work, b
proved of more, my&quem 1@ ﬂo, than OB h M
Imibcm wr:lim. ; & aals

Qs 3 £ \ Ili

f‘;va_y bis own country. For in'1741;e Lord Cathcart
was to go on a fecret expedition, which was Waﬂf

.
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i u!zm becoming @ fz{f-mugbt cmmam%r “lzm with

matchlefs conduft, as well as walour, rttﬂ:ewed our

| finking affairs in thofe parts of the world.

A,

“As foon as the news of Mr. Robins’s death orvived

Vaber: Qreat numbers, ‘befides bis particular friends and

acqilaintance,, firongly expreffed their concern at the lofs
of fo valuable a perfon:s and as his letler wis read 2o
the court of the Last-India direfors, a maft vifible
appearance of forrow Jhewed. itfelf on the countenadice

of all prefent ; and the regard the company bid for

My. Robins’s merit, and their [enfe of the fervices be

 did them, the fort time be lived in their employments,

indwced them 10 éfbaw with great gefzerg/' ty towards

bis father.

Mr. Robins Zeft al/b a mlyi amiable charatZer 55- s

bind bim in the Indies; for I bave lenrnt from many
perfons, who have come from thence, that- bis mgmory.

25 fRill beld there in the bighef} eftimation by all ranks

of people.  And mo wonder that a perfon [o well quali-
Jied in every branch of valuable learning, fuch a pro-
Jicient both in the prailice and theory of ufeful arts,
as likewife fo capable and ready to communicate’ bis
knowledge to others, and endowed with a moft candid,
generous and  difs; utzrejfz‘ad mind, and withal a moff
Jprigbtly and agreeable companion, fhould baw rmder—

~ed bimfelf umverfally acceptable.

I mufi not omit mentioning, thai be to0k care to make

‘@ fufficient provifion for bis fathers Mr. John Robins,

&y purchafing an annuity for the old gentleman’s life ;
<who, at the Bath till bis ninety-fecond year, when he
died in 1758, enjoyed a perfeit ftate of bealth, baving
bad nothing |[o much to regret, as the lofs of The onty
child be ever bad ; whofe reputation in the world, and
conftant affelEionate bebaviour towards bzm, were tb:
cbief confolution of bisideclining age. :

By bis laft: will, Mr. Robins: lefr tbe pu&l ﬁmg
Bis works to bis bonoured and-intimate Sfriend Ma& tinn
Folkes, Lfg. prefideni of the Royal Society,  an 2o

velf : iﬁt}sﬁas that excellent pfeg‘/‘on bad forﬁme t;me




xliv Daf PWEEIN’s - =~ &
been rendeved imcapable; by a paralytic difovders'of .
wwhich beis fince deady of bearing a partin this charge;
M. Robins’s papers were entrufled to me by bis ex-
“ecusov- My homyas Hewis % & ihaet L0en o RS Sg R
And bere I cannot forbear expreffing my deep fenfe of
‘the long continued and uninterrupted beneficence, "My,
Robins‘experienced from this worthy gentleman, arife
ing folely from bis juft difcernment of merit, which not
only “infpired him with the bigheft cficem for Mr. |
“Robins, bat alfo with a degree of friendfbip, which
sicither time nor place conld abate : bis regard for the |
smemory. of bis deceafed friend, extending beyond the
grave, was fbill fhewn in a conflant benevolence to- |
wards Mr. Robins’s father during his life. 8
What writings Mry. Robins left bebind bim, that |
were delivered tome, bad been tranferibed into one -
- wwoluge in a very fair band. ~This containcd [eparate
difcourfes, all relating to gunnery. o S VLY
Thefe take up from p. 175 to p. 315. They bad
been moft of them read before the Royal Society,
wwhilfp their anthor was in England. That entitleds
‘A Comparison of the experimental Ranges of Can- |
non, &Je. at p. 230, was fent by. bim from Fort St.
David, juf after he was recovered out of bis firft ill-
wefs. It was prefented to the Societythe 27th of June |
1751 ; and the leticr, that accompanied it, was dated
“October 16, 1750; in which Mr. Robins tells 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 gunnery, leaving
<the further completion of it to my future labours,
either in this country ovin Europe... The other dif=
“courfe mentioned in the letter, d take to be The prac-

‘tical Maximns, and the complete copy ta be the Ma-
SRUSCHpt put iito my bands,s ds far as Mr. Robins
bad frifbed it : which; I belkieve, weuld. bave bect
~morecomplete, if be bad jurvived anytimelonger: for
@s there are “added fome ugtesy fo: -’{bem'“ e vAc
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Q

- By this *means, powder .compounded in ghe**:i
same mannex which is now practised by all Eu, o

rope, came m use®. But the change of the pm.v

.\

: portldnf"._ {
- g
di dentro ripari & Jortificationi Ma i Francesi fabri- \i *
“cando pex:i molto pis espeditis né @ altro che di bronzo, i quali
chiamavono Cannoni, & usando palle di ferro, dove prima ds |
pictra, & senza comparatione piu grosse & di peso gravissimo ’
susavano, Ui conducevano in sulle carette, tirate (non da buoiy
come in Ttalia si costumava) ma du cavelli con agalita tale d'mo- |
-mini, & dinstrumenti deputati a questo servigio, che quast sem-. 4
pre- al paré de gli eserciti caminavano, & condotte alle muraglie |
erano piantate con prestezza incredibile, et interponendosi dalf’
un colps all’ altro piccolissimo intervallo di tempo, sk spesso, &

con impclo st gagliardo percuotevano, che quello che primain |
Italia fare in molti giorné si soleva, da loro in pochissime hore st i
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 ca,hbre of 1200 pounds ; but then they could not be fired
more than four tlmes a day

# We learn from Tartalea, that the cannon powder in his
time (] polvere grossa modema) was ma,de of four parts salt-r
Ppetre, one yart snlphur, and. one part charcoal and the mus=
quet powder of forty-elght pagxts saltpetre, semn parts sul. 4
ph ir ‘a.nd' elght pattg charcoal or of exghteeq parts. saltpetrez

2% Vo G SISO

one Mn dred | gounds of ,‘po,wder about one
I‘Wﬂd °f Sﬂlfpef-re more than is at present aIIowed, and the se-
cond three poundrmore. it o

3
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‘iahm:md dialogues on motion, which were
printed in the year 1638. = And in this in
or before the doctrine of Galileo was. estab
many thedries of the motions of military p:
tiles, and many tables of their compardtive rang
at different elevations, were published ; all of th
egregiously fallacious, and utterly irreconcileable:
with the motions of thoese bodies, although some
of them were the labours of such who‘_'hiadr Wﬁﬂ‘ﬂ '
the greatest part of their lives in employments:
nelanng to the artillery. Such were the table&@*
Ufano, of Galeus, of Ulrick, &c, taken noti
by Blondel* : to which might be added many:
W W mentmncd by that author. Indeed
* there have been. V@py few ancient Wutcrs on. t"
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so long a8 they hiive done; a remarkablé ins 2
of which is the doctrine which has tak
in this suhject, since the time of G?zhleo

Gali'l'ea printed his dia}ogues on metion
year 1638, as we have already observed ; and i
_ these he has pointed out the general laws’
served by nature in the production and comp
tiorr of mutlon,, and-was the ﬁrst who dese
the action and effects of gravity on falling
dies; ‘and on these principles he determined that
the flight of a cannon-shot, or of any othei"fﬁrii :
" Jjectile, would be in the curve of a parabela, un-
less so far as it were diverted from that track by

the resistance of the air : and what inequali‘ﬁéé’;
" would thence arise, he has proposed’ the means of
examining ; for he has described a method of
discovering what sensible effects that resistance
‘would produce in the motion of ‘a ballet at scm#‘
grven dlsta.ncc from thc piece.

Wheu Galiteo had thus shawpthtssmadigt
dent of the resistance of the air, all projectile
o Mm tharﬂighzdmmecqﬁe*ofa pare-
~ bola, it nﬁ@t have ‘been expected, that th
4 mmmmamuld havetm how far
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that all projectiles moved in the curve of a para-
oﬂa,?‘af they were not disturbed by that resist-
_ance; it is mow an opinion generally advanced
5 b?y the writers on the theory of ‘Gunmery, that
“the flight of shot and shells s nearly in the curve
of a parabola ; for the trath of which, we may
‘appeal to the professed authors on this subject,
whio have wrote within the last forty years. .
soi At L AT e el B G 5
But though this hypothesis went smoothly on
with those who contented themselves with spe-
culation only, yet Anderson, who made a egreat
number of trials, found it impossible to support
L it without some new modification. « For though -
it does mot appear that he ever examined the
‘comparative ranges of either cannon or musquet-
_shot, when fired with their usual velocities ; yet
his experiments on the ranges of shells thrown «
with simall velocities (in respect of those last men=
“tioned) convinced him that their whole track was
~ not pa.rabohcal as_appears by his treatise, - inti~
uled, 7o hit a mark, published in the year 1690.
But instead of making the proper inferences from
‘hence, and discovering the resistance of the air
ta be of considerable efficacy; e, from his great

tttachmenz to his first -sfmmadtvaﬂnew
b Ty 25 hy‘POthesxsy

2R
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fypothesis, which was, that the shell o by
its first discharge, flew a certain ‘distance
- hight line, fxom the ennd of which line only 1t b
gan to bend mtq a parabola.  And this nO*h*(: »
line, which e calls the line of the impulse of the 5|
fire, he supposes to be the same in all elevations, o
By this hypothesis (though an. indefensible one)
it was: always in his power, by assigning a proper
magnitude to this line of impulse, to reconcile any '
~ two shot made at dl"fezent angles, however oppo-
site-they- mxght prove to sthe common principles.
~Buteven this new-m_odclled theory was not, I
believe; confirmed by his following experiments; -
forhe has no where ventured to give us experis |
ments of three ranges made at three different ele- b |
vatians.;udtlx;t_he‘ same quantity of ppw;der;: as' 4
finding, I presume, that though by this scheme:
- whe could reconcile. two jarring ranges, the irreg-‘ip-‘
larities iof three ~were insurmountable. - And if
such inequdlities were'pmcluced by the resistance.
of the air in the motion of a shell 1mpelled ﬁom;
a*@.ﬂrtavr by an 1monsxderable qua.mnty of pow-
der, what ‘may not the action of the air he sup-.
posed to effect in- the ‘motions of {bullets,? which,
being impelled b}” a full charge of powder through
a much lmigﬂr cyhnd;er md‘w *p&lﬂgags three or

vodS £ four!
L] N o
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readﬂy to Compare the actual ranocs of buﬁ
with the result of thlS theory.

e thodgh sich as examine the following
. tréatise with éttention, will net, I believe, enter-
tain many doubts of the certainty of the determi-
nations therein contained, yet it might have been
expected, perhaps, that ‘thle' accuracy of those
principles should have been still more irrefragally
established by experiments on the real ranges of
pieces, compared with computations founded on
this thédry and, indeed, T did once intend to
have added a chapter with thls view ; but two
teasons have diverted me from this desi‘bn. The
- fist was, the dlfﬁcuhy I found in ascertammg
the extended ranges; a difficulty which none
but those who shall attempt équriments' of the
same kind can be judges of. The second reasorn
was an irregularity which intervened in these
ranges, and which ieﬁ&‘ered all my endé'éwﬂﬁ“fs;
fruitless; for the same pxece at the same eleva-
‘tlon would convey ‘the bullet to vety chstant
places 50 that no twn trfals agreed‘wuh each
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But, noththstandmo' the;smdll’ﬁ.cultxes, which-

ha.ve hindered me from inserting m the followmg
treatise such experiments on the ranges of shot as
- wight corroborate the theory of resistance there :
: dehvered I Liave yet resolved to pursue shis sub- -
ject; and 1 flatter myself that I have mvented
3 mcthod of preventing the last- mentioned i ine-
quahty from taking place, which unless it can be
‘done, it is sufficiently obvious, how Zruitless all
experiments of this kind must prove. The result
of my future trials on this head I intend for a se-
cond part to this treatise ; in which, besides these
experiments on the track desciibed by the fligh*
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 miscellaneous nature, are yet all of
them connected in some degree with the theory
or practice of Gunnery. Ishall also annex to this
second part many maxims and practical precepts
‘I‘Vhlch will arise from the preceding pringiples,
and will, 1 hope, be of some consequence in the.
future management of artlllery A considerable
‘ part of this second woxk I have already by me,
as hkewxse an appanatus purposely intended for
completmg it. But those experiments, which are
: $ Ik - S yet
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yet wanting, will riquire great leisure aud a pro-
'per senson toigxeentesy Bleny rsse &

LA ",.“i( PSR Yy A L

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
authors have advanced on this subject. - But all
I have ever met with on this head hath been so:
vague and indistinct, that itis often difficult to
determine  the true meaning of the writer. The
—yost .intelligible hypothesis  on: this head, and
what seems, indeed, to have been the original of"
all the others, is that of Monsieur de Iz Hire. -
In the h‘istbry of the French Academy of sei-
ences for the year 1702, Monsieur de la Hirehas.
éupposed that the force of powdér may be owing
to the inc¢reased elastxcnty of the air contained in
and between the grams, in consequence of the
heat and fire: pmduced at the time of the. expla- :
slm Nmﬁv, 1f this air,. to whose amgmcm d’

grams >
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ceiver, bc,lantmv in part the pressure of the exter

nal air. That this fluid, or some part of it at

least, was permanent, appears from what Mr.
Hauksbee relates in the same place ; that though
the quicksilyer asecended after the opelatlon, yet 1t
next day had ascended no higher than to 221,
which place it seemed to- contmue fixed. And that'
this fluid is elastic, is proved from the descent of the
mervcurial gage ; since the quantity of matter con-
tained 4n this ﬂmd could not by its gravity alone
have sunk the qumk51lve1 by the least sensible quan-
tity ; also from its extending:itself through any
* space, however gteat ; the exper iment: succeeding
in either a large or small receiver ; only: the larger
the recetver, the less will be the descent of the
mercurial gage to the samé quantity of powder,
the pressure:of the generated fluid diminishingas
ts density diminishes.

‘The same production likewise takes place when
gunpowder 1s 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 water be made to rise so
near the top; that only a small portion of air is left
in that part where the gunpowder: is plaecd if in
this situation the communication of the upper pant
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 explo-
“sion ; and the quantity of this daprassmn wills be

eater, if the quantity of powder be i creased,i of
diam @h 'xm%@i‘" mﬁhﬂd‘;rﬂ-tFrom |

Meu win, @he mzplosnom-oﬁﬁmd md
perm eﬁt:'hstxc ﬂux:d >
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To explain more. afrtzcularly the C&rwmstdncw
. attending the Explosion of Gunpowder, either
“in @ Vacuam or in dir, when fired in the Man-
ner described in the E@peﬂments of tbe La,n
: Proposn‘zon : :

~

‘VHEV any consu:ierable quantrty of Gunpow-
der is fired in an exhausted receiver, by being let
- fall on a red-hot iron, the mercurial gage mstantly
descends upon the explosxon and as suddenly
ascends again ; and after a few vibrations, none of
which, e\:cept the first, are of any great: ehtent it
seemmwly fixes at a place lower. ‘than - where - it
stood before ‘the explosion ; and this: stationary
point is what we have always ‘attended ito' in our

experiments.: But even when  the gage hasacsi,

quived this point of apparent repose, 1t still conti-
nues rising for a considerable time, although by
such 1mpex ceptible dﬁcrrces, that it .can’ ‘only be
discovered by comparing together its place at dis=.
“tantiantervals; however, 1t will not-always continue
to ascend, but -will rise slower and slower, till at
last it will be absolutely fixed at a point lower than
where the mereury stood before the explosion.
-+ The same ' circumstances mearly happen when.
powderis fired in the upper part of an urrethsted
tube, whose lower part is immerged in water.
Now these appearances all arise from the dxﬂer«-
‘ent modifications which the fluid, produced from
th&explasxomgimidwgmsﬁ ‘The first sudden descent
acémhv w@m:asgﬁem«d 'y he ‘action ‘of - that
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in the pregent cireumstances would acquire from
the action of the powder, during the time of its
dilatation. f e gip bt
And this. being once computed for one case, 'is.
easily applied 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 aree FHQB, will be diminished in the pro-
portion sof 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 triplicatc proportion of the diameter; where-
fore the line ¥H, which is directly as the absolute
.impelling force of the powder, and reciprocally as
the gravity of the hullet; will change in the reci-
procal propoertion 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 which it follows, that the area FHQB;
which 1s in the duplicate proportion of the velocity -
of the impelled body, will be directly as the loga-
. rithm 23, (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

T

. given length, and impelled

€1, occupying a given
i that, by -

ity
)"‘atb:

Taty







s pnce mot out of th
thxs means. 1ts fmce Wlll-.- ‘hen \

he secend pnnc:pal is, mdeed less obvic
‘being coutrary to the general opinion of almos:
‘writers on thxs subject.  But, however, it is not
“less certain. 1t might, perhaps be suffic for
the proof of thm position, to observe the prodwlous«
.compression of the flame in the chamber of the
‘piece.- Those who will attend to this circumstance, -
and to the easy passage of the flame through the
intervals of the grains, may soon satisfy themsely Ves,
that no one grain contained in that chamber can
continue for : a.ny time umnﬂamed When thus sm

a5 greatér quant:ty of powdei ‘would 1
fired, smce an
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tio of 1to 12 cons‘queﬂtfy the ‘velocity commu~

nicated’ by lgdw being known to be that of 1670

feet in 17, the vélocn:y communicated by ‘1dw.

-would be thas of 482 feetin 1” nearly ; but 1 found~
by repeated trials, which differed very little from
each other, that the real velocity acquired by tife
ball in t}ua case, from the explosion of 1dw. was
rather less than that of 200 feet in '1”; 'whence it is
evident, that the elasticity of 1dw. of powder when'
fired, isless i In proportion to its quantity, than that
of IQdW as it ought to be by our theory.’
Likewise if Sdw. of powder’ be placed ‘in the
same manner with the fdw. in the last ‘example,
the real ve(oc:ty the ball will acquire from the ex -
plosion, will be from 740 ‘to 720 feet in Sl g I
_have found by many experiments; whereas, sup-
posm«r ‘the elas‘tlmty of 3dw.- when fired to be, in
similar circumstances, ‘the same with that of '12dw.
the veloc1ty acquued by the ball should be 825
feetin 1”; \whence, even'in 3dw. the elasticity, and
consequently the hea.t is lTess than n lzdw‘ as 1t
ought to be by the theorv Sl
ratios of these diminished elasttcmes to the
elasticity established by us'for larger quantities, are
the duphcate of the ratios of the respective veloci-
ties communicated by thém, in ‘acting-through the:
: sam’e’sgacei “"‘hi_a-nce the élastlmtj; of 1dw. is to the
elasticity of '12dw. m similar circamstances, as 2
0595 f’aﬁ&*’ebzflé of Bd‘w to thar?of md«v

nearl
‘ties to be ‘uni

I hed in eéx ’chl a‘rt«%f

their éﬁepaﬁ"sfgﬁ‘éi Y 1y a’bﬂit); t‘bﬂg‘is* ¢
: ’ﬁ'@,ﬂ of éﬁastmﬂfy‘“ wing:
f V’ﬁﬁb 'ﬁﬂl& £ lt:‘ :&mﬁw

ﬁaﬁﬁ‘-ﬁ“

‘ '.btﬂlet is 'i‘mpelled
&illexitl ‘the -

=
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its action continues ; a circumstance that does not
take place; when the quantity of powder is well
proportioned to the barrel through which it is to

aefiiey .

oo SCHOLIUM.
Thus, then, have we confirmed our theory by
the most indisputable evidence, which is its coin- -
cidence with a numerous series of experiments,
~ made in all the various circumstances that the na-
ture of the subject could suggest ; and I must add,
that these experiments, or the greatest part of
- them, were made and registered, before any of the
- computations, by which they are compared with
the theory, were formed ; although I had ascer-
tained that theory, such as it is here delivered,
 some time before I entered on these experimeats.
The variety of these experiments, and the accu--
racy ‘with which they correspoud to the theory,
leave us no room to doubt of the certainty of the
theory ; for we have examined the action of fired
~ powder on bullets of different weights, and i :
rels of different magnitudes, from 7.inches to 45
inches in length ; we have varied too the quantity
of powder from 6 dw. to.36 dw. and have inclosed
these quantities differently, sometimes in such ca-
vities as they exactly filled, at other times in such
- as were sufficient to have held much greater quan-
tities ; and we have found, that in all these differ-
ent circumssances, our theory has truly exhibited
the real velocities, with which the bullets were im-
‘pelled by the explosion, -or if (as in very small
~ quantities of powder) ‘there were any exceptions
from the general rule we had established, it was
what the theory did plamly demand ; and surely
that theory, which so accurately agrees with expe-
riment in these diversified trials, cannot but con-
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tinctly enongh) 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, wg¢ may conclude, that the heat of the ex-
plosion cannot augment the elasticity of the air to
five times its common quantity ; consequeritly, the
force 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 c'oﬁﬁr%on
of our theory, we shall proceed to the examinddion
of some other particulars relating to this 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-
cuu:stantial discussion. ;
= PROY. o
7o assign the Changes in the Force of Powder,
#&ich arise from the different State of the -
Atmosphere. ; ; 2 :

IN all 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 1 have made
several hundred shot in very different seasons : in
‘particular, T have sometimes compared the trials
made at noon, in the hottest summer sun, with
_those made in the freshness of the morning and
evening, and I could not perceive any certain dif-
- ¥erence between them, and it was the same with -
- the trials made in the night and in winter ; although
~In this variety of seasons, the dgnsity of the at-
ave been very different ; indeed, as

TR o oty SRR Do
€ of powder consists, is ge
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this two-fold account, be diminished according to
the degree of moisture with whichit is impregnated.
_ And as bad powder usually « ontains some ot i
mon salt 1n it} by reason of the little care taken in
the refining of the nitre, and as common salt i im-
‘bibes moi‘sture in a stronger degree than nitre; it
is not difficult to conceive, how bad powder should
in a moist season be more impmo-nated with mois=:
- ture than’ good, and* should consequently lose
more of its force. piae
The uncertainty in the effects of (hmp pOWdel

arises, I presume, from ‘the different degrees of
dryness it acquires in the piece; for as, aftel tne
first or second firing, the barrel grows warm, if the.
powder is contained any time n'it, some part of
1ts moisture will be theleby evapomted ‘and as the’
heat of the barrel, and the time of the chalge con-
tinuiz2 in it, dare cucumstauces, which in‘their na-
ture are vex’) uncertain, it is not to be svondered
at, that the evaporation, and consequently the ac-
~ tion of the powder, s likewise uncertain. - ¥ must

le_ma% on this head, that, in the driest seasons, T’

have Tound the’ COldness of the barrel, and pelhap%
some little moisture condensed in its cavity, to

have sensibly dlmmxshed the force of the powdei
. the first shot.
~ That

of powder shmﬁd have
: I than 1&1’0’81 quantntres

with the same degrec of moisture, n

from the smaller degree of 5

we h: ve observee a,h’é;
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had for some time been kept ina room, whrch bad
‘a fire in it every day, and I found by dlymg; it
‘before the fire, that it lost above + 5. of its weight ;
one third of avhich decrease in weight it had afrainﬂ
‘aequir ed in less: than two hours, by being temoved
to adifferent paﬂ: of the room, at a dxstance from
the five. * $ s
Now as the weathcx 15 often much molster than
when I tried this experiment, and as in open air
-this moisture abounds much more than in a room
where there is a:fire, 1t cannot be doubted, but
that sometimes ‘the twentieth or thirtieth part of
the substance of the best powder is water, which-
may be easily supposed to produce all the effects,
we have observed and described in 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 dned again.

The reader must have obse rvcd in the exper iments
.of the last pz.ropomtma how nearl} 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 prcvem:ed all the inequalities of this propo-
- sition. - But trying: the same powder in.the winter,
dna v*ea‘zy damp season, I found, that though if it
- wasiused: as’ in ' the ssummer, in . its. nmtmal state,”
without auy drying, its eﬂems were very mea,ulal,
,.-.mx;d much short of those experiments ; yetif each
. charge was well dried, just. ]].:efore;; S u
*diminution of its: ﬁ)mﬁ;&@ulﬂ -then be - .pfnqewed et
- mor did it ‘appear to actin any manner different
ﬁﬁpm&m&t it had done in the preceding summer.
' 3o yspowdacs be. gmpaéad to. the greatest
hout. ‘ if common salt
‘moistare m;.mbxhﬁs, may; pel-
to .dissplve. some. ~ af the
hﬁﬂﬂg damage, +* rying

“can:
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‘ean retrieve.  But when toletable carz is taken in
‘preserving powder, and the nitre it is composed of
‘has 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. . *# =% Loanbiegis
- Some care is necessary in the drying of damp
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 powderon it at

~ different intervals, during the time of its cooling ;
“for by this méans he will find, that ata certaln time
the separate grains, that fall on the iren, 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 burnin
this manmer,.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 exgalode‘lts‘mspec— '
tive grain, yet the whole fire, made by them alto-
ther, grows strong enough at last to end in a
“general explosion ; however, by attending to the
proper temperature of the iron, and spreading the
vrains, 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-
2 '!fei'vfeft;hat.’they'im&f lnsxicithez'.ctzhcmtdour or their
~ shape. " "Now since these grains, when the brim-

- stone is thus burnt, or even melted out. of them,
cwit & <act agpowder; it is evident, that
? o Tl Al 'powéelf
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~ powder may be sporled by being dried with too
viglentia hedgese vy var: LAt SHF IR
~ From the great difference in the effects of moist

and dry powder established in this proposition, it

appears how very uncertain and irregular all those
practical operations of Gunnery may prove, ‘where
this circuthstance is not attenided to; and how little
confidence can be placed in any experiments where
this cause of inequality could intertere. L
Before: 1 leave this article, I must mention a
suspicion, I once entertained about this matter.—
As water, when rarefied into vapour, iis generally
supposed to be mear ten times more elastic than air
equally heated, I mmagined, that possibly the mois- -
turve imbibed by power might, in certain cases, be
so proportioned to the quantity of powder, that it
‘might be conwverted into vapour by the explosion;
and: that thereby the force of the powder might be
more increased by the addition of this very elastic
vapour, than it was dimiuished by the damping of
its flame. - And I was the more induced to believe
that this did sometimes happen, fiom the experi=
ments of a late.author, who tells us that the ranges
of the same shot, fired from the same mortar, with
__equal charges of powder, were much greater in the
" fieshness of .the morning, than in the heat of the
day. : For I was well satisfied; that the mere den-
sity ofithe air (to which he' seems to impute this
~ variety) .could not. produce such different effects!
However, ‘upon! a: more
. ca







110 NEW PRINCIPLES -

in the seventh propocition ; on firing it in this situ-

ation, ‘the impulse of the flame on the pendulum
made it ascend through an arch, whose chord ywas
13,7 inches ; whence, if the whole substance of the
powder was supposed to strike against the pendu-
lum, and each part to strike with the same velo2
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 could be supposed

to acquire in its expansion; for if we suppose the

_elastic ‘part to acquire a greater velocity in ex-
panding, than the other gross vapour, (which it
undoubtedly does) this common velocity here as-

signed must be augmented for the elastic fluid, and.

diminished for the grosser substance of the pow-
der. As some part of the velocity of the flame was
lost in passing through 19 inches of air, I made
the remaining experiments on this subject in a
manner not liable to that inconvenience.

I fixed the barrel A on the pendulum, so that its
axis might be both horizontal and also perpendi-
eular to the plane HK; or, which is the same
thing, that it might be in the plane of the pendu-
lum’s vibration ; the height of the axis of the piece
above the centre of the pendulum was six inches,
and the weight of the piece, and of the iron that
fastened it, &c. was 11lb.;. The barrel in this si-
tuation being charged with 12dw. of powder, with-

out either ball or wad, the powder only put toge- -

ther with the rammer, on tae discharge rtbe-fcu-'
dulum ascended through an arch, whose chord
was 10 inches, or reduced to an equivalent blow

in the centre of the pendulum, supposing the bar-

rel away, it would be 14,4 inches nearly. =~

of the ascending arch was 10,1 inches, which re-
~duced to the centre, is 14,6 inches.
& e ermine what difference of velocity there

in the different parts of the vapour, T Toaded
groaeaet toog = 2 .::‘ e»

The same experiment repeated again, the chord
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the piece again with 12dw. of powder, and rammed
it down with a wad of tow weighing Jdw. - Now I
~ conceived, that this wad; ‘being very light, would -
~ presently aequire that velocity, with which the elas--
tic part of the fluid would expand itself when un-
cdmpressed ; and ‘I accordingly found that the
chord of the ascending arch, was by this means
augmented to’ 12 inches, or at theicentreto 17,3 : :
‘whence, as the medium of 1the other tivo experi-
‘ments is 14,5, the pendulum ascended through an
-~ arch 2,8 inches longer, by the additional motionof
- ‘1dw. of matter moving with the velogity of ‘the -
swiftest part of the vapour; and consequently; the
velocity, ‘with which:this ldw. of matter ‘moved,
was that'of about 7000 feetin 14 ¢+ 0l ea o
It will, perhaps, be objected to this determina-
‘tion, that the augmentation of the arch, through
swhich the pendulum vibrated in‘this case, wws not
‘all of it owing to the quantity of motion given to
thie wad, but part ‘of it wasiproduced by the con-
‘inement of ‘the powder, and the greater'quantity
thereby fired. = But if it were true that a part only
of the powder fired, when there was no wad, 1t
would not happen,’ that ‘in firing different quanti-
ties of powder withouta wad, the chord of the
ascending arch would increase and decrease nearly
“in the ratio-of those quantities, which yet I have
found it to do; for with 9dw. that chord was 7,3
inches, which with 12dw.! we have seeh ‘was ‘but
‘10, and 10,1 5 and ‘even with 8dw. the chord was
9 inches; «leficient from: his proportion bys«.5-
- only ; for which defect too, other yelid reasons are
“to be assigned. s TGO b 2 R T
““And there is still-a mote convincing' proof, that:
all the powder is fifed, although no wa ‘be placed
“before thecharge; which is, “that the part of' the -
“recoil arising from' the expansion of the powder
alone, ‘is found to be no greater when it impels a
“Jeaden bullet before it, than when the same ﬂmaj‘:*“.
RS A ST Sabed tity
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tity is fired withou: any wad to confine it. We
‘have scen that the chord of the ‘arch, throubh
* which the pendulum rose from the expansive force
of the powder alone, is lQ,-or 10,1 ; and the C}]Old
of that arch when the Pplece was charged in the
‘customary manner with a bullet and wad, I found
to be tho first time 22%; and the second tune;ﬂﬂr "
or at 2 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 barrel
- was suspended, with the velocity they had acquired
_at the mouth of the piece, would drive it through
~an arch whpse chord would be. about 12,3, as is

‘d, by our fo: mer expen-

\ btracting this number 12,3 from

s ' 110,26, is nearly the chord of
 theare Whlﬁhﬁwiae;;dnlm uld haye ascended
ahrough, from &h&ﬁxpansmn»gf the powder alone,
~when fired with a. ullet bef 2 and thi be:
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‘of the flame of fired powde?, that is, its pecuiiar
excellence ; and the circumstancein that it so emi-
nently surpasses all other inventions, either ancient
or modern, for the purpose of militasy 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 surpassifig 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, og the elastic
city of springs and stretched cords augment their
powers to any degree desired ; but then each addi-
tion of power blouo-ht 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 commumcate motion to the projectile, an§ were

 consequently to move with it, were likewise in-
creased ; and thence it necessauly happened, that
the actmn of the power was not solely employed
in giving motion to the impclled body, but much

‘the 0‘1eatest part of it was spent in ‘accelerating
those ‘parts of the machipe in which the power re-
‘'sided, to enable them to pursue the body to be
pr@_}ected with a perpetual impulse, during its whole
passage through the extent of their acti v1ty Hence
then it came to pass, that though'these ancient
machines could throw' enormous weights, they
couid project them but with small deo-rees of"c;gl*e
Tity, compared with what we can commum _
eur cannon and musket-shot: whence, in all ope-
ratxons, Where these great velocities are ﬁseﬁzl our

nfinitely superior to those of anti-

1 in more confined and shorter TO-
. hs 0 vantages, which
he att:ention of
'aji;:taclty enough
ssion aecordmu'-
to
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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 had been added to -
the composition. Bt PR TR

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 séems 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 ta

the perfection of the powder. et
- What this proportion is, has been ascertained by
experience ;. and it seems now to be generally
-agreed, that in any quantity of powder % of ‘it
should be saltpetre, the remaining ¥ consisting of
equal quantities of sulphur and charcoal. = This is
the proportion followed by the French, and'I be-
lieve by most nations in Kurope ; we indeed pre-
~ tend to a g ' ‘micety in our propor-

-
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the heaviest shot is Jim; ,1shed in the course ofits

‘ flight by thé resistance of the air. And the received
opinion of practical gunners, is not more difficult

to account for, since, when they agree, that every -
shot flies in a straight line to a. certain distance
from the piece, which imaginary distance they
have denominated the extent of the point-blank
shot, we need only suppose, " that within that dis-
tance, which they thus determine, the deviation
of the path of the shot from a straxght line is not
- very pereeptible 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 lme
ofits 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 f‘rom 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 iwwvder, and with half its weight of
powwka ‘respectively; and, on this occasion, 1 must
rexﬁax!’k,o that on ﬁhc-pﬁnerpies' of the t:heory, which
we have ad@erﬁined m&hﬁs»tﬂcatme, ‘the increasing
- the charge of powder will increase the velo¢ity of

- the shot, till: 'd@ powder arrives at a certain ‘quan-
tity; after which, Mb?twderb'emeremd the
wvelocity of the shot will .+ The quantity

ng ' the mmbv&mty; and ﬂie propor-
'gte%éss wla&immdxihe vﬂlmﬂ? '
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of a parabala, is no _proof but that hea.vxer lot
“wlrose resistance is much less in proportion
weight, may suf'ﬁcmntly coincide with the GO
- mon ‘Thypothesis ; our next mstance shall
iron bullet of 241b. weight,
in common use for land service. ~Such
fired from a piece of the- customary di _
with its greatest allotment of powder, has a
city of 16 m 1% as we have det. ec
the. fourth '

ured_t on tlie P y
:ﬁ th postulate 1t w1l come. out to |
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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, : ! TEe

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 J49° 5,
with the horizon, ranged on the horizofital plane,
no more than 448 yards; whereas its greatest ho-
rizontal range being found by the fifth postulate,
to be at least 1700 yards, the range at 19° 5
ought, by the sixth postulate, to have been 1050
yards ; whence, in this experiment, the range was
not 2 of what it must have been, had the coramon
received theory been true. s,

“Again, a ball was fired with the
as in the last experiment, but at a
9° 45, its horizontal range was at a1 m
yargs Gy FEv SR R g e
Now this range, according to the fiith and sixth
postulates, (if its original velocity %econ§1déred)
should have been 566 yards. But if it were to be

from the last experiment, by means of
‘postulate, hould have heen no more

s s e
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: theabody fled not to half the distance which, had
it moved in a parabola, it ought to have done.
Again, aball being fired with the same velocity
as in the last," but at an elevation of 4°, Jts hou—
zontal range was 600 yards. e
Now this range, if deduced from the laste e
penment by the sixth™ postulate,  should not ha.ve
‘been more than 850 yards ;' hence then is evinced
the falsity of that ostulate and consequently of
the parabolic hypo I;xesw on which it is founded.
- Having thu _proved, that the track clescnbe

*
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‘perpendicular to the horizon. The truth of this
assertion we shall evince by indisputable experi-
ments. Ik : ‘ ‘
ok L SEROB. VI |
Bullets in their Flight are not only ,de[)ress.é{l
beneath their original Direction by the dction

- of Gravity, but are also frequently driven o
the right or left of that Direction by the Ac-

; o)

tion of some other Force. ek
- IF it was true, that bullets varied their direction
by the action of gravity only, then it ought to
happen, that the errors, in their flight to the right
or left of the mark they were aimed at, should
increase in the proportion of the distance of the
mark from the piece only: butthis is contrary to
‘all experience; the same piece, which will, carry
its bullet within an inch of the intended mark,
at 10 yards distance, cannot be relied on to 10
inches 1n 100 yards, much less to 30 mches in
300 yards. This increase of the uncertainty of the
shot in great distances, more than in the propor-
tion of these 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 betwecn,
that incurvated line, and the line of direction,
' n a much greater ratio than that of

es being coi ent
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some experiments, L. have made, which will put
the matter out of all question. .

I took a barrel carrying a ball of i of an gngh
diameter, and fixing it on a heavy carriage, I sa-
 tisfied myself of the steadiness and truth of its
direction, by firing at a board 1 foot. s uare,
Whlch was p}aced at 180 feet distance; for I_
found, that in 16 successive shot I mlssed the
board but onqe Now the same. barrel bemO' ﬁxed
on the same carriage, and fired with a ;maller uan- -

tity of powder, so that the shock on the discharge

would be much less, and .consequently tbe» direc- |
tion less chanoeﬁ I found that at 760 yards dis- -
tance; the ball flew SOHICU{I}QS 100 yards to ﬂle—
right of the line it was pointing on, and at other
times. 100 yard the e found. teo, that
its du:ectm_n : : :
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_ PROP. VIIL o s

; If Bulle’t.s‘qf tke same Dzameter and Densziy e
pinge on the same solid Substance with differ-
ent Velocities, they will penetrate that Sub-
stance to different Depths, which will be inthe
duphcate Ratio of those Felocities nearly.
“And the Resistance of solid Substances to the
- Penetration of Bullets i is umfarﬂu s o R

L
£

el

THE first palt of thIs pmposmon 1 have found'
to be true in a great number of instances; for
when a Ieaden bullet 2 of an inchin dlametcl was
fired against a solid- block of elm, with a \elocny
osfabout 17‘00 feet in 1%, T found, that in a great
number of rials it had penetrated from 4% to 55
inches deep.  When a bullet of the same size was
fired Tagamst the same block, with a velocity o

: aboatufkso feet in 17, its outer smface was always

near 2 of an inch \Vlthm the surface of the wood

avity be consid d, aud leduced
L of’ anin
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~ An Account of a Book entitled, New Principles
" _of Gunnery, containing the Determination of
the Force of Gunpowder ; and an Investiga-
tion of the Resisting Power of the Air to
swift and slow Motions ; as far as the same
relates to the Force of Gunpowder. Read
before the Royal Society, April 14 and 21,
1743, and printed in the Philosophical Trans-
actions, No. 469. _ B

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 a# 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. e Rl R R R
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 conscc};tently,’
¢ That the velocities communicated to bullets by
<« the explosion, may be easily computed from
“ the common. rules, which dre established. for
< the determination of the air’s elasticity.” 5
 The two first propositions contain' the proofs,
~ that a permanent elastic fluid is constantly gene-
rated in the cxplosion of gunpowder;  this is
e S B sade : evinced
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evinced by well-known experiments daily repeat-
ed, and acquiesced in by all who have frequented
the usual courses of experimental philosophy, of
which these 'e&perim'eﬁts.gengrally make a part; so
that the ‘author presumes he may consider this |
point as incontestibly established; ‘at least he has
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,

ceteris 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
Pprodured from the single quantity ; that is, the
elasticity was nearly as the density of the thiid = =
~ But it may perhaps be thought, that a single
experiment is too slender a foundation, 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-
: de use of in it, which was
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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, 1is estabhshed thus far; that they
exert equal elasticities in like .circumstances ; for
this variation of the elasticity, in. propdrtmn to
the density, is a well-known property of common
air. But other authors, who, since the time of
Mz. Bog yle, have examined the factitious' elastic
fluids produced by burning, distillation, &c. have
carried this analogy much ta.rthel, and have sup-
posed these fluids to be real air,. endued- with all
the properties of that we breathe, particularly
the reverend Dr.. Hales, who has pursued this
examination with the greatest exactness m a se-
‘ries of the best contrived. progesses, - constant]y
affixes the denomination of air to these factisious
fluids; he having found, that their iveight is the
_same with that of commen air, and that they di-
-late with heat, and contract Wlth cold;.and that.
they vary, theu dens;ges under?gdltferent. degrees
of lmpresslon, in the same plopoxtlon with ‘com-

of agleemept between them he supposes them to
be of the same nature. w.wh air, and .conceives
them to be fitly designed by the same name. . -

" _But so perfec aL,_ congrmty between these fac-.
 titious. fluids and air is not necessary for the pur-
poseﬁ of ﬂ;us neatnsq. Tl}e ftmdamentgl mmﬁ;::

st
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~ urged for #he suppmt of the last in the e!o'ht stc-

(zecdmg propositions..
< The law of the action- of this ﬂmd bemm de-
termined, two methods offer themselves for i mves-

tigating the. absolute force of powder on the bo- =

dies it lmpels before it. - The first by examining
the quantlty 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 bullets by known charges, acting through

barrels ofi different dimensions. ~ The first is the
most easy and obvious, but the second the most
accurate. method ; ‘rand therefore the author has

- pur wd each, and he has found that
as gt:eatly exceeded his expec-
of them receive an ad-

L]

ﬂmd produced by
uantity of powder 1s deter-
‘an: exhausted receiver, and
ch the mercurial gage submdes

oper a}lowance for the in-
i¥o] wef tlae Jn—

e
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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 impos--
sible to have proceeded one step in natural philo-
- sophy ; since no mechanic problem hath been ever:
solved, in which every real inequality of the mov--
ing force hath been considered. - = -
Now what induced the author to suppose, that
this postulate (though not rigorously true) might
‘be safely” assumed, was the consideration of the
spreading of the flame by its own elasticity, as
soon as it escapes from the mouth of the piece:
- for by this means he comceived, 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
th \  fired before the bullet is sensibly
place;” it

is incumbent on the

explicit, as this SocieTY
> appoint a committee for exa-
position, who, after m-aking- a

experiments, have determined*,
er is not fired, before the bullet
place ; and they have,
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length, chayged with a ‘usual charge of powder,
that the velocity com:nunicated to the bullet, dur-
mg the first three inches of its motion, was full
half the velocity,- which it acquired in its whole
passage through the barrel, and that the elasticity
- or force of the powder, in the first three inches or
its expansion, ~Wwas, at a medium, near eight times
i 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
THOB It plaeEsa b s i bt 1 s g
‘And ge €xperiments reported by the committee
strongest proofs, (as far as they extend)
1S D d in the progressive manner

are tl

: 6dw respectively, -

was' collected un-
i aius, at a
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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 tie
subduplicate proportion of the charges, ‘the defici-
ency of velocity arising from the loss of the % of
the charge, would be about -%, of the whole*velo-
city only, which, in the present case, is not % 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 oceurs in the ex-
- actest repetition of the same experiments. =~ = -
Other circumstances occur, which reduce the in- -
equality* 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 compiting the velo-
cities communicated to bullets ‘by the action of
) it m fe pposed, that the whole
s fired - the t is sensibly moved
zast t is' no foundation,
ents made on this su bject by the
) t, tha : grained

e  the last of
 of one of the
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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 se-
ciety some experiments of my own, which will
,evince the truth of them by obvious and ocular
‘demonstrations. : R
~ Indeed, with respect to the second of these pro-
- positions, it is true, that in great changes of velo-
~ city there is some variation from the rule here laid
down ; but this is a variation, that will on the
whole inerease, and not diminish the résistance.—
And it is to be remembered, that I an not now
nicely assigning the laws observed by this resist-
ance in the most rigid and acéurate 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 T 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 atzlb
shot, moving with a velocity of 25 feet in.a se-
cond, is thereby determined to be, what I have
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
avoirdupojs, and, proceeding on, we shall find, that
to a velocity of 500 feet in a second, it i§ not less
~than 12lb.3; and to a velocity of 1000 feet in a
“second, not less than 50Ib. and to a velocity of
1700 fect in a second, not less than 1441b.%: and
 this last velocity of 1700 feet in a second not be-
ing very distant from}:hat,vwrth 'yvhich_'a ‘twelve
pound shot is discharged from a cannon, and the
wumber 144tb.L being very near

; _ ery mear 12 times 12; it
follows, that the resistance of the air to a 12lb.
: = 3 e : 2 'BI = e -
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- shot,
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John Bernoull; did some years since determine;
how by the quadrature of certain curves this mo- _

o

=]

S
S

tion might be assigned. But thése, who are ac-
quainted with his solution, well know, that-those

curves are not reducible to the common terms of
quadratures ; and, consequently, that no computa-
tion can be founded thercon ; 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." iy
But as I have, for some time past, made many
experiments myself on the ranges of bullets, and
have collzcted all that I 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 Ishould
be enabled to colmpute the motions of resisted bo-
dies, ot 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,
M these investigations, T had the good fortune to
.dl;s_m;S’élgﬁ‘ig::?mpeﬁtﬁmgs:ap@méiimaﬁions,gaivshieh :
| Wert as accurate, as the mature of th |

1e subject re-
r application, as'I
Sir saac Newton’s Princi-

dli’s solution of this problem,
rplexam esse, ut ex illn
mechanicos accommoda-
he description of the curve,
very perplexed, that it can

e year 1740, avow. -
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could well hope for in so perplexed 4nd intricatc a

- matter ; and though many of these methods appear
now to be useless, as I have found several of the
laws of resistance, which they were fitted to exa-
mine; to be fictitious : yet, as some of these com-

~ pendiums are applicable to the real motions of pro-

. jected bodies, I:shall insert such of them, as trom
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. DBut
first it is necessary to examine what i¢ 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 veletities of
the resisted body, it is not easy micely to ascertain.
However, by comparing together a great number
of experiments; I am of opinion, that till.a more
‘accurate theory of these changes is completed, the
two following positions may be assuméd without
any remarkable error. B tg Vi

“Firse, That till the velocity of the projectile
surpasses that of 1100 feet in a second, the resist-
ance may be esteemed: to be in the duplicate pro-
portion of the velocity ; and its mean q}ixanuty may

~ be taken to be nearly the same with that, I have

fornteripaple it s bas S

assigned jn the S
e e - Second,

e

- * These suppositions are not nearly correct. Infact; by more
accurate experiments with cannen-balls, it appears that the law
~of the resistance begins to increase abo ratio of the square
~of the velocity, from the very slowes ns. and thence goes
_on increasing gradually more aid more abe at is assigned '
| by that ratio, tilk we arrive at the velocity of 1600 or 1700 feet
_ per second, where it is at"the greatest, amounting in that maxi-
mum stat: to onlv:24% times the quantity resulting from the ra--
tio of the square of achev;elab&&yf And at'the velocity of ‘tfwo
’ o T ; ey b e P fests
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quoté 2975 ; and thence, followi

g the steps pre-

~scribed’ above, the ‘actual®*range of this bullet

- and of all musket-bullets fired with
_ customary charges, if notelevated more than 30°.
- Indeed, if experiments are made with extraordi.

N

- 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, T 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 deusity 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 1i To-
rous in forming these rules, but have considered

them as sufficiently exact, when the errors of the

approximation do not exceed the inequalities,which

would take place by a change of %, partin the
density of the atmosphere.  With this restriction,
the rules of this proposition may be safely applied
n 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,

their largest

Dary quantities of po rder, ;ﬁroducing otential
s greatly surpassing the usual rafe; then

, gles some arther ‘'meodifications may be
hough, as these cases are beyond
practice. ‘it may e thought unne-
3 them; yefy to cnzble those
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In one part ‘of its track that itdoes in another, but
it more usually is continually changing the ten-
dency of its deflection, as the axis, round whichit =
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 hall will be sensibly changed by
compounding its progressive motion with a revolv-
ing one, although both these motions, and conse- -
‘quently their effects, are prodigiously short of what
must necessarily take place in military projectiles ;
and I next propose to exhibit to any gentlemen,
who will honour me with their company, an ocular

- proof of the deflection of musket bullets, even in
the small interval of 60, 70, or 100 yards, It is
true, in larger intervals these inequalities are much
more considerable; for 1 have seen a bullet in a
range of 700 yards deviate above 100 yards from
1ts direction. But as proper ground sufficient for

- these extended trials is not to be met with in the
‘neighbourheod of London, I hope the experiments
1 shall make in a shorter space, as they will evince ~

‘these deflectio - will procure belief

ments 'y have been much
necessary for the
I may perhaps
ture papers on the

t, as it may be imagined,
19!3{11@" resistance, I have

‘ascertained

e Mmon
hers mentioned in this and
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2727 yards, and the F to be 2672 yards; whence

. “the actual range assigned by our rules is 1980
“yards, only 20 yards different from the experiment.
~“ The same  mortar elevated still’'to 45° 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 soméwhat more than 1050
yards,  ‘So that here too the experiment and the
computation differ but little from each other.

+I hayein this manner examined the ranges of
mortars of all diameters, and I find, that anless the
‘charge bears a very small proportion to the weight
‘of the shell; or to the 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 ‘thie coincidence of these diversified trials
with our computation, we may safely conclude,
that the force and mode of action of fired powder,

_ is niearly 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.* Tor, in the examples we have exhi-
- bited, the resistance of the air is of much less effi-
caey than in cannon-shot; so that we cannot err

- much in derlucing 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 be 1¢ by the ranges of canmon-shot ;
the e on of which therefore shall be the

¢ remaining part of this essay.

o ¢
5 ; > : F-shall





















&)
|

240 © A a aNPNCTRS ) : i
‘the two éxperiments with 20lb. of powder, the
difference in range is 259 toises, and with 9lb. of
: gowder the difference of two subsequent ranges
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, thattill a num=
‘ber of trials shall be made at large angles ;4it can-
not be determined, whether the great differences,
which occur in the examination of some. of. the
. ranges at La Fere, are to be imputed to the theory,
or to the uncertainty and insufficiency of the triall
“ themselves. ol g et T
. The trials hitherto considered might abundaat-
ly suffice for the confirmation of oug principles;
~ but before I conclude this subject;s I chuse, for _
- _particular reasons, to examine “thevexperiments
- made at Woolwich in the year 1736 with 24 poun- -
ders cf different.lengths, - T hese 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 Todetermine
this proper lengthy pursuant to this erroneous hy-
pothesis; six 24 pounders were cast of the same
- weight, the shortesteight feet long, and the longest
- ten feet and a half. These were all loaded alike,
nd were elevated to 7°%, ‘at which elevation five
proposed to b€
t lengths,- and
. the pieces of 9
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already shewn, it may appear that ¢he range of
shot at an elevation is much more influenced by the
quantity of its resistance, than by the velocity 1t
is discharged with ; it is not to be wondered at,
that a 24 pound shot, béing but half as much re.

tarded as a 3 pounder, should range considerably

farther.
MAXIM XI.

The greatest part of military projectiles will

‘at the time of their discharge acquire a

whirling 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 very differently,

from what they would do, had they no

- other but a_progressive motion. By this

-~ means it will ‘happen, that the resistance

of the air will not always be directly op-

posed to 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
v At SRV . Vs e sttt Bt B :

’Thit bullets must in ‘general acquire a whirling
motion or. their discharge, will not, - presume,
_be disput d, that this whil, ¥ :
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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. TIn smaller picces,
. 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. sl L A

&

ame piece of cannon be successively
elevation, but with
_greatest
the bul-
] ess than
en if the eleva-
0% it will be
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~ the smallest charge, and diminish the® range with
the greatest charge; it is evident, that the smaller
charge may in these circumstances considerably
outrange the larger, notwithstanding the much
greater force, with which the larger charge impels

)

<he bullet in the explosion.
e MAX NG XN

If two pieces of cannon of the same bores
but of different lengths, are successively
fired at the same elt;:'vation with the same
_ charge of pewder; then it will frequently
happen, that some of the ranges with the
~ shorter piece will exceed some of those
with the longer. ;

'S ~

For the shortest piece of cannon I have et seen:
being not less than 15 diameters,  ar : ’
scarcely exceeding 60 diameters ;.

the velocities of two shot dischai
‘pieces, with any of the custe \
der, will amount to but little
the greater velocity. And w
maxim, that when the di

much greater than this

¢ have seen in the last
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‘Whatever operations are to be performed by
artillery, the least charges of powder, with
which they can be effected, are always ta
be preferred 2. okl
For all addition to the charge beyOnd wbat 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
stramed, its recoil becomes more violent, its carri-
re, and is more liable to be disorder-

frequently silenced. And
ch slowe han 1t Would be
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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-
ly are, at 4 or 500 yards distance, receive but
Iittle 'advantages from very great augmentations
of powder. And since both the parapets of all for-
tified places, and the masonry, which face their
ramparts, are often ruined at these great dis-
tances, where the influence of the largest charges
. 1s 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 [l_Jowder 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. : 3

Hence then the proper charge of any piece of
- artillery, is not that allotment of powder
which will communicate the greatest velo-

. city to the bullet(as most practitioners have
" hitherto maintained) nor is it to be deter-
mined by an invariable proportion of its
weight to the weightof the ball; but, on the
contrary, it is such a quantityof powder, as

- will produce the least velocity necessary for
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I am confident, both from trials of m¥ own, and
from the experience of others, that X ot the weight -
- of the bullet in powder is sufficient for piercing the
stoutest masonry, with which any ramparts are
faced, and thoughseach 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

bt = > . -

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 di-
rectly contrary to those, we have here advanced.

VIRV SR e

Although precepts very different from those
we have here given, are usually advanced
by artillerists, and are often said to be de-
duced from experiences; yet is that pre-
tended experience altogether fallacious;
since from our doctrine of resistance estab-
lished above, it follows, that every specu-

lation on the subject of artillery, which
is only founded on the experimented
ranges of bullets discharged with con-
_siderable velocities, is liable to great un-

Jecrtalnty. -+

t, when the velocity of
at of 1200 feet in a second;
pond but very small differ-
es to very great differences

nges to very gre
54 ,_
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that the greatest inequality between the ranges of
the longest and shortest of these pieces, supposing
the shot to follow its regular track 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 ;
since even the mediums themselves vary by above
four times as much, as the whole of it amounts to.

It might have been expected, that a bare view
of these ranges, as they are inserted in the preced-
ing table, might have evinced the impossibility of -
‘deducing any certain principle from suclf discor-
daat trials. But the force of prejudice was so
great, that it was hence concluded, that the pieces
of 9 and 9% feet in length carried their shot. the -
farthest ; and thence it was presumed, that those
~were the proper, lengths of a 24 pounder, and that,

- whatever picce was either longer or shorte?, was
on that account less perfect, and impelled its shot
with less violence. Indeed, as these cannon were
cast on purpose to investigate, what were the pro-
per lengths of pieces; it might not perhaps have
suited the great apparatus of the inquiry, 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.

About three years after the experiments, I have
just now recited, the same method of examination

~was prosecuted in France, with regard to the pro-
- per charg ieces. And here again, by firing the
sa e : i :
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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 Tepeti-

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 meglecting

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 experimeat,
to find such, as would agree to almost every no-
tion, that hath at any time been started upon this
subject of artillery. = 2 kAT i
It may perhaps be uged, that I myself have in
other (racts compared the experimented ranges-of
projectiles with the deductions from my theory,
and have urged their general agreement as a con-
firmation of the justness of my principles. And
to this I answer, that, I conceive, T have estab-
“theory upon more certain experiments ;
d that the nake of the ranges of pro-
~ Jectiles discharged eat velocities, 1s to shew,
that ¢ i onsonant to my doctrine, than -
: d though the medium
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«der, fired with a usnal charge at 45° is but little
- more than a third of what, 1t ought to be on the
parabolic hypothesis, if compared with the range .
at smaller elevations. ‘ 45 AEEE
Having thus, as I conceive, evinced the incon-
. clusiveness of the only species of experiments, which
artillerists have hitherto prosecuted ; it remains to
- point out a.more indubitable method of examina-
tion, by which all precepts and practices in this
art may be clearly and incontestably decided. This
-method (to which I bhave frequently appealed in
‘the course of these maxims) requires no more than
the ascertaining the depth, to which the bullet pe-
netrates in some substance of a uniform texture.
Indeed, if much nicety be required, it is always
~ possible to determine the actual wvelocity of the
‘bullet in different parts of its track, by practices I
- have explained at length in another treatise. ~But

.

he application of this contrivance to large cannon,
equires a very expemsive apparatus; and there-
_ fore, since we are not now discussing this subject
“with geometrical rigour, we shall content our-

- selves with pointing out a more easy and expedi-
- tious procedure. e

& e SaRgt o B
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That the penetrations follow the rule laid down
‘in this maxim, I have found by frequent experi-
-ence. ' For instance; an iron bullet of £ of an inch
diameter, when fired against a large block of sound
oak, hath with different velocities penetrated to.
~ different depths, from less than £ an inch to ten
inches; and therespective 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 sane
holds true in bullets of any size; for an eighteen
pound shot, with a velocity of about 400 feet in a
second, penetrated 3 inches £ 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'I have found it take place: when the bul -

et has moved at the rate of 2400 feet in #second ;
the reason of this relation between the velocity of
“the bullet, and its penetration, we have discussed
at large in another place; but that is a specula-
tion not essential to our present views; it is suffi-
cient for our purpose, that the maxim itself is war~
ranted by numerous experiments. However, not
to leave the artillerist altogether to seek in this
matter, 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
in this circumstance from the resistance of the air
but is nearly the same, whet - bullet m
SR
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from different quantities of powder, or
~ from different lengths of pieces, or differ-
ent methods of loading; the most deci--
sive experiment is, to try the penetration
of the bullet into some uniform substance,-
placed at a small distance from the muz-
zle of the piece ; since that bullet, which
in repeated trials penetrates deepest, may
be concluded to have been discharged

with the greatest celerity. %

It is not difficult in all places to find substances
proper for experiments of this nature; fora butt
of wood, or a bank of earth or clay, are any of
them sufficient; it is only required, that the mass,
~whatever it is, be of a uniform textare, and a .
springy nature, and that it be but little removed .~
fiom the piece, lest by the resistance of the air the

original velocity of the bullet be changed in its
. e R
 __Though ex‘p’eg(iiggpts of this kind will, I beli
most_disputed cases b d sufficiently

will be alw:
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- dexterity, and would be hence prepased readily to
adapt his charge, elevation, &c. to every emer-

gency of actual service.  Indeed it is high time,

that this most interesting art should be advanced
~to a state of more perfection ; for it is matter of
,astonishment to consider, that, whilst other bran-
ches of mechanies 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
nations, often depends, hath still been obscured,
either by the uncouth principles, which prevailed
above two ages since; or by the more illusive re-

0

- finements of modern theorists. And this too,

whilst in almost every part of Europe a very large
proportion of' treasure hath been allotte®l 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 pfgsen%deﬁ:(_‘:ts of ‘this art
are not to be solely imputed to the supineness and

~ inattention of its practitioners ; since before the

discovery of those principles, which we some years
since published to the world, and which we have
more popularly explained in this essay; it was not
{)ossible_ for the most diligent examiner to extricat
umself from the obscurity and













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 proféssion, in -
‘which he has not been regularly initiated,
and to which he is not formally attached ;
1 did not expect, that this production, were
it made public, would be considered other-
wise than as the visionary notions of a specu-
latist, utterly unacquainted with the subject
he had undertaken to discuss. Nor would
it have been possible for me to have removed
this prejudice by the most authentic proofs,
T could have given, of my attention and in--.
dustry in trying the various conclusions, on
which the ensuing suggestions are founded.

But having lately been favoured, by the
i Honoura.ble George Anson, Esq vice-admi-
 ral of the Blue, and one of the lords of the
; fa anck ma-

t’he‘ Mars m:m of-
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lets fly with the same proportion 6f powder, ex-
ceeds the flight of the smaller ones, almost in the

proportion of their diameters; so that a 32 pound
' shot, ‘for instance, being somewhat more than six
inches in diameter, and a 9 pound 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
-bulietisnot easily to e counter-balanced by anyex-
traordinaryeﬂ'm-;t given to the sizaller bullet, by in-

- creasing, the quantity of its powder; for though
the swiftness of' the smaller bullet, at its 1ssuing
from the piece, may be thereby greatly increased,
yet, as has been already observed, the distance to
which the bullet flies' at an elevation, is ‘thereby

b nced 1 this increase of ‘eeleri-

Bog  tly . ~the resistance of the

i syidforine

> of its weight

y than the
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Pounders. Hundreds. ~  Pounderss  Hundreds,
For 6 of 924and 18 New 12 of 20
q o OO g e 28
s ey 34 and 31 18 28
18 41 and 39 24 40

The 9 pounders lately cast, being, as the author
is informed, still lighter than what is here repre-
sented, they may perhaps be only transformed in-
to 12 pounders ; but this will be a very great ad-
dition of strength, and the 12 pounders thus borne

will be considerably lighter than the smallest 9
- pounders now in use. The weight of the present
~ 3 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.

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 32
pounders, which are known to be guns of unexcep-
tionable service, that alone, it is conceived, will
be an answer. : Sigdaie :

If it_be supposed (as ancient practice is always
favourably heard) that the excesses in the propor-
tionate weight of the small pieces must have been
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 present 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 supposing,

at when gu s are used in batteries on shore,
" their length cannot be in proportion to the diam-
e s because the parapet being of

-al thickness, a short piece would by
n theembrasures; and the smaller pieces,
T 7y being
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being for this reason made nearly 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 1s no other exception to the
shortness of the piece, ‘but the loss of force, which,
in the instances here proposed, is altogether in-
considerable. For the old 12 pounders, for ex-
ample, being in length from nine feet to nine and
a half; the new pnes here proposed will be from
seven feet to seven-and a half long. The differ-
ence in the force of the bullet, fired from these

different'pieces, is but little ; and. it will hereafter
appear, that in the present subject much greater
differences -than these are of no consequence.

- If it should be said, that the new fabric here
proposed must have the present allowance of pow-
der (which in the smaller pieces is half the weight
of the ball) diminished, and that it must be re-
duced to the rate of 32 pounders, which is only
seven sixteenths of the weight ofithe ball; it 1s .
answered, that if the powder in all ship-cannon
whatever, was still farther reduced to one third of
the weight of the ball, or even less, it would be
a considerable advantage, not only by the saving
of ammunition, but by keeping the guns cool-
er and quieter, and at the same time more ef-
 fectually injuring the vessels of the enemy*; for
st e B I SRl ~ with
- * The change proposed here, of reducing the quantity of
owder in all ship-guns to one third of the weight of the bullet,
bas for some time past been practiced by the French in a much
severer service, where the in créasing the velocity of the bullet could
- mot at any time diminish its eflect ; the service, I mean, is bat-
. breach.  For I learn from the forementioned French

| ‘;ﬁ 'h't"h of late years all their breaches, in th

undertaken, have bee
heir 24 pounders ha
r, and they have found.
et is less with this ch

. the other conveniences, attending thi:
morc than sufficient {osbalance th a{d”m
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with the present allowance of powder the guns
are heated, and their tackle and furniture strained,
and this only to render the bullet less efficacious;
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 what-
ever, the velocity of the bullet, how much soever

“augmented, still produces a proportionate effect,
by augmenting the depth to which it penetrates:
but the sides of the strongest ships, and the great-
er part of her timbers are of a limited thickness,
insufficient to stop the generality of cannon-bul-
lets, fired at a reasonable distance, even with a
less charge than is here proposed. And it is a
matter of experiment, that a bullet, which can but
just pass through a piece of timber, and loses al-
most all its motion thereby, has a much better
chance of rending and fracturing it, than if it
passed through it with a much greater velocity.

That a better judgment may be made of the
reasonableness of this speculation, 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 ieces
at present under consideration, 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 than ,Iswenty inches depth; an‘(f‘.‘

: S g 22 : g

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

-dny larger quantity ;: founding their opinion on the ridiculous

pe;aua.si;ini;;tht tever 'qgmﬁty was put in, mo more than
i of | : fire. But this position is destroyed by their
their own reasonings; and later experi-
ater attention, put it beyond all doubt,
arge (at least as far as twenty pounds of
ponds a greater \eJocity.

owder) there cor:
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4 msf:ead of one sohd beam,  there are a number
of small ones; or of planks, laid together; then,
dllowing for the rending and tearing, frequent in
such cases, he" doubts not, but it will often go
through near double that thickness, and this any
where within a hundred yards distance: that is,
any where within that distance, which the most
éxperienced officers have recommended for naval
engagements. Inthe same distance a bullet from
the 12 pounders, now in use, charged with half
the weight of powder, will penetrate about ome
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
consaderable. If this be so, it will not be asserted,
Ilmaome “that the 12 pounder here proposed is
1ess_useful ‘or less efficacious, for all maval pur-
boses, ' than the weightler 12 pounder hlthelto .
: s 0f! A
““The author has i this pg:asal fixed on the 32
‘pounders as the standard for the rest; because
‘they have been authorised by long expenence.
“But ‘from the trials he has made, he is well satis-
“fied, a much greater feduction of weight, than he
. -here ropases ‘might safely take place; and that
. h, or even one fifth, -of the welghtxof the
powder, if properly disposed, is abun-

] daﬂﬂ? ticient for every species of shlp-guns*
lHowever,
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fHowever, the author is far from dsiring, that
his speculations should be relied on in an affair of
this nature, where he pretends not to have tred
the very matter he proposes, but founds his opi=
nion on certain general principles and collateral
experiments, which, he conceives, he may apply
to the present case without error. He would him-
self recommend an experimental examination.of
this proposal, as the only one to “which credit
ought to be given. What he intends by-the pre- °
sent paper, is to represent it'as a matter worthy
of consideration, and really such as iteappeared
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 ome of
these pieces to be cast, a 12 pounder for instance,
and letting it be proved with the same preportion
. of powder, allotted for the proof of the 32 poun-
ders: 'Then if this piece be fired a number of fimes
successively on a carriage, and its recoil and de-
 oree 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
e (3 T g5 o Jormed,

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," T conceive, as serviceable a field-piece as any
whatever, notwithstanding its lightness. For with nine ounces
.of powder it throws jts bullet point blank, as it is called, _three
' hundred yards. And it will bear proving with twice or three
2 roper charge. Indeed the other two, which were
il. I conceive, from a want of sufficient sub-
icalar mistake in their fabric.. However.
. butabout one quarter of the weight,
of ; and consequently, if capable of
particular emergencies be of in finite
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A Letter to Martin Folkes, E.équiré, Presi-
dent of the Royal Society, in Answer to
- one of his, inclosing a written Message from

the Chevalier 1)’Ossorio, Envoy from the

King of Sardinia. - : :

SIR,

I HAVE received a letter from “you, inclosing a
message, you have received from his excellency the
Chevalier D’Ossorto, who, it seems, is desirous
of having a copy of a paper presented to the Roy-
al Society in relation to the proper charge of can-
non : and which, you conceive, Sir, is my letter
to Lord Axsox of March last. As I esteem my-
self  greatly honoured by this request ; I cannot
but desire, that his excellency might bave a copy
not only of that, but of an¥ other papers of mine
relating to this subject. For as his Sardintan
majesty’s curiosity appears to be founded on some
~ experiments made. by his order at Zurin ; I am
willing to hope, that this enquiry may give rise
to still more decisive trials. ~And that the doc-
trine, I have advanced,-_‘magi{ thereby be at last
established” beyond the reach of contradiction,
But as the consideration of the proper charge of -
‘cannon, to which this message relates, and about -
which the experiments at Turin have been em-
ployed, is a tter only occasionally mentioned
i ;o e leave to explain myself more
is head, than I have yet done;
b the true principles, on which this
ought to turn. This I shall under-
wore boldness, as Tam confident, that
S +T 4 IR
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1t has not hitherto been understood. 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 su%ject,' first to consider the erro-
neous 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-
ists, who have not been engaged. in this attempt).
those, I say, who have hitherto laboured in this
matter, have usually supposed, that in everg
piece there was a certain charge of powder, whic
would give to the bullet a greater velocity than
any o'tH%r_ _quantity of powder, either greater or
less. And it hath been enerally conceived, that
this charge, producing %e greatest velocity, was
that, where all the powder took fire. Now in con-
firmation of these opinions, some of the more in-
dustrious artillerists have fired the same piece of
‘cannon at an unvaried. elevation, with different
charges of powder gradually increasing in quanti-
and they have pretended, that after using a
' , ‘the range of the piece rather di-
ncreased on augmenting the quan-
_ Hence they have conc uded, that
t was supposed ranged the bul-
harge of the
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der any thing to do with the determination in
question, Nor do the experiments generally suc-
ceed in the manner above-mentioned, Nor can 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 velocity
hath hitherto been founded, are faulty; but all
the superstructure is equally exceptionable, As,
I hope, will sufficiently appear from the following
considerations, - 3

For as this proper charge, producing the great-
est velocity, hath been usually sapposed to be be-
tween two thirds of the weight of the bullet, and
one third; I am fully satisfied, from numerous
trials, that if, in small pieces, the charge be aug-
mented. greatly beyond these limits, the velocity

- will be thereby considerably increased. » For in-

stance, a common firelock, with a fit leaden ball
-of twelve to the pound, with a charge of one third
of the weight of the bulletin powder, will be im-
pelled with a velocity of about 1500 feet in ¥,
with a charge of half its weight in powder, its ve-
“locity will be about 1700 feet in 1*; with two thirds
of the weight of powder, its velocity is about 1900
feet in 1”7; but with twice the last charge, or one
and -a half the weight of the bullet, its velocity
‘will be above 2300 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 thi ter are extremely erroneous.
fit s d, that in larger pieces the
Il not hold, but that there

; more than 3
he. will not augment the v
, that, I well know, that in pieces,

o whose
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whose 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 (asis 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, is more for-
cible; afd in this circumstance the increased ac-
tion of the powder cannot but produce an increase
n the velocity of the bullet. - S
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
velocitysthan that of half the weight, to fire a
piece of cannon with these different charges against
a bank of earth of a uniformx 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
tried with a small piece, with all the care I could,
making use of bullets of iron, which were turned
o the bore; and I found in a piece of about thirty
'diameters in length, (which is very near the pro-
portion of a common six pounder) that, if I first
fired it with half the weight of the bullet in pow-
der, and measured the penetration into a beam of
. wery tough oak placed about ten yards distant,
I could afterwards, by augmenting the charge,
make the bullet penetrate s deep
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der, cither greater or 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 na piece cast with
the usual dimensions can sustain. For it is such
@ ‘quantity of powder, as will fill up nearly % of
the piece; and consequently is too much to be
ever applied for any practical purpose whatever ;
and therefore can be of mo assistance in the ex-
amination of the present subject. ik
The very first supposition, then, on which the
determination of the proper charge hath shitherto
proceeded, being thus, asI concieve, overthrown;
it remains to examine the experiments, to which
the followers of this opinion have recurred in sup-
port of their doctrine: thatis to say, the expeti-
ments,. where the same piece, fired at a given ele-
~ vation, hath ranged its bullet farther with this
Aimaginary charge, than with a greater quantity of
powder. And, with regard to this argument, I
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 divection. 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, thatall the pre-
tended proofs drawn from the experiments on the
ranges of cannen, are made out by taking those

ranges only, - _the deflection was favourable
to the hypo in question, neglecting at the

< same time alar, those where the result was
~ contrary te or the whole strength of this
'\g has generally turned upon a. *d,iﬁiérf:m:ef

SRR p (4 : of
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~ of 100 or 200 yards in the ranges.. And I have
by me a set of experiments made, as I conceive,
with sufficient care, where a 24 pounder, elevated
at 7°;, and charged each time with the same quan-
tity of powder, hath in one shot ranged its bullet
12300 yards, and the verynext time the range hata
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. . : S
- If then the very idea of a proper charge, con-
sidering it as productive of the greatest velocity,
s itself chimerical within the limits of any prac-
tical determination; and if the experiments, urg-
ed in support of it, are such, as naturally arise
from the necessary irregularity, which always oc-
curs in the comparison of distant ranges ; 1t may
perhaps be asked, on what principle the proper
allotment of powder can be assigned, or what
circumstances there are, that can at any time de-
termine the proportion necessary to be observed
between the weight of the bullet and the charge
of powder. it SHK i 3 gAY
~ "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
P

~ mition m saved, but also be with small-

.

owder possible, not only as hereby much ammu-
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sides of the stoutest ships; the allbtment of
powder for battering in breach, and for firing
against shipping, ought to be different. And
the resistance of human bodies being still greatly
short of either of these; all field-pieces, or such,
as are used against troops, ought to be charged
with a yet smaller proportion of powder. And
though in these cases there is no absolute invari-
able standard to be assigned; yet I cohnceive, that
something not very distant from the truth may
be deduced from considering the limits, within
which all the three forementioned operatons are
contained. ; : >

For as to battering in breach, I well know;, that
in most of the sieges, which the French have lately
undertaken, they have succeeded extremely well
with one third of the weight of the bullet in pow- .
der. Indeed the difference in force betwixg a bul-
let fired with one third of its weight in powder,
and two thirds, is so very little, that the other ad-
wvantages of the smaller charges greatly overba-
lance it; and therefore it ought to be allowed as an
invariable rule, neverto exceed this proportion of
one third of the weight of the bullet in the service
of any piece of artillery whatever; no not under
any pretence of the great distance of the object. -
For I know, that, in great distances, the augment-
ing the quantity of powder is only an imaginary
@dvantage.© © - oo
 With respect to the firing at ships, especially
with heavy cannon, I could wish the charge was

“still’ farther diminished to a fourth or fifth; for I
am satisfied from my own experiments, that (not
'o méntion the ather advantages) the havock made
‘those smaller quantities, would
than what is produced by the

YR FE X <
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mall a proportion of powder will give to a bullet
uch a force, as will render it mortal to those it
strikes.  For it appeared by experiments formerly
exhibited before the society, thatan 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 powder-as oreat a
force, as it would have acquired by falling from a
height equai to that of St. Paul’s church. - And
it is sufficiently obvious, that a 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 fit ‘bullet, fired from a
musket of the common calibre with ;% part of its
weight in powder, will go through a plank of fir
~ of above an.inch thick, and will doubtless pro-
duce a mortal wound in any vital part of the body.

For it will penetrate into any soft substance near
ten times deeper than a bullet discharged from the
best cross-bow, I have ever yet met with,- which
yet is usually esteemed a mortal weapon. And
- comparing together the various experiments I have
made, and the different circumstances necessary to
be counsidered, I am fully satisfied, thatno field-piece,
whether fired with round-shot or with grape-shot,
oughtever to be allowed more than J. of the weight
of the bullet in powder, and when troops are near,

and grape-shot is of use, even -+ of the weight of
the bullet will do great execution. . For by large

‘quantities Qﬁg@wder, grape-shot s often dispersed, -
-and, rendered ineffectual;., whereas with smaller

charges ifdlie s giore i t, it di--
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-reasons of it shall be once well undér‘s’téod,‘aﬁw’"
“practice established, will enable them to be made
extremely light, and will thereby' render their
_transportation and service'much more easy, than
‘it has been hitherto; and will likewise produce

- many other advantages mot necessary to be here
‘recounted. . ¥ e 3
I am sensible, that with respect to the diminish-
“ing the weight of ficld-pieces, many  attempts

_ haye been made towards it within the last fifty

- _years. But the general mistake of those, who have

“engaged in'it, hath' been either the serving these
Jighter pieces, with the same large charge allotted

“~to the ‘heavy ones; or if they did diminish the
charge, the insisting that with this diminished.
charge the bullet was not so strongly impelled as
-with a greater quantity of powder.- But this last
assertion, as it was an insupportable falsehood,
‘laid them wunder great difficulties, and gave the
~officers of artillery (who, from a religious attach-
ment to the practice of their predecessors, were
more usually their declared enemies) great advan-

~.tages over them. = ' ¢
“If it should be urged, ‘that though the small
charges, I have here recommended, are sufficient
for doing execution nearat hand; yet they are no
ways adapted to the purpose of distant cannon-
“adings : I answer, in the first place, that these
-distant cannonadings 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 in the force of the bullets at a‘distance,

when fired with 4 of their weight of powder, for
instance, or with %, is too inconsiderable to merit
-attention. 1 the prineiples I have formerly
established; lows, that a 4 pounder elevated

to 10°% and fired with the smaller of these charges,
- ought to range about a fifth part short of what it
F e e S W EREE T would

2
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ld 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 occur-

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 ajl
those, who have first reformed any branch of sci-
ence, tu have been obliged to waste great part of
their time, and to employ many arguments in
rooting out the prejudices, which’ they found al-

ready established ; although these prejudices had
no other foundation but the reverence they had

acquired from age, and from the habitual assent,
they bad been long received with. Indeed I am
myself so fully persuaded of the difficulty of con-
futing long confirmed prepossessions, that, not-
withstanding all that hath been already said, I
cannot finish this letter without a short recapitu-
lation of what I have here advanced. = Which is,
‘that the hypothesis of a proper charge, consider-
ing it as what would produce the greatest velocity,
is chimerical ; that the experiments urged in sup-
port of'it are fallacious. That the greatest velocity,
- if it were attainable, is not the most eligible, it being
. often kss.,eﬂ,icaciops‘ than a smaller degree; that
~ the only proper principle for determining the most

- Convenient charge, is that of using the lcast pow-
~ der possible with regard to the particular purpose
in view. Therefore, that the charges ought to

~« Yary according to the different services. That in
~almost every - mdi%;f,mctme ' s

s 2









~ time, in common wuse, are so gréat,
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L
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 small.in comparié;on 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: thé bullet flies at

an elevation;  norithe force of the hulldt at the end

ofiits flight, is sensibly/augmented by very gredt
* augmentations of the quantity of powder. _I:af+

firm too, that in many instances the increasing
‘the, velocity of -the:bullet is not enly an useless,
but a prejudicial . practice ; sitge, in penetrating
solid bedies, : that,builiet whichihas butsjust-force
enough to go through, will produce much greater
effect, than a bullet;” which has a considerable
velocity, left  after. it has got through. I:nrust
farther add,  that: both: the ranges and effects of
bullets, fired: with. small propostions.of powder,.
do..much surpass; the expectations:of all these,

_whether artillerists - or others, who have not.made’ -

- the requisite experiments upon t

hjs.-'subjeet. It e

~ These, my lord;soare the hypotheses, whicly; as

your lordship knows; sEhave always maintained,
and age.the)positions I :have had principaliyran.
eye 'to;.ip-my late’ experiments at Chatham, where,
on-the 11th of July last, I got an 18 pounder onr

eech Jaid down as low

e qhﬁ‘rﬂw.w]@ch;m) thc:lwgest pxece I could pro=: :
: T

cure. - ecechad its b :

as its car vould permit, (when it was elevat-

‘ed somew 100t 0f 15°) and then instead of 9

~ ponndsqﬁ er,, which is its customary charge,

1t .was tried with 3 of a pound only, with which
i Loe RNt A 8 ot R o s

BE a‘low it ranged -the bullet, in several trials;:

from 220 to 250 yards. It was observable, that

‘bullet lighted on’dry firm ground, it

o Uige s rose
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10s gain, and bounded on to a considerable dig-

tance ; but meeting once with a small bank of

meadow ground, it penetrated near three feet deep
mto it. : e '
-By comparing together the best accounts of the
ancient military machines, I conceive, the velo-
eity, .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 i a pound of powder, *

or with the ', 'part of the usual:charge,” and the

elevation mow but 12°. This bullet ranged?500

yards, where grazing, it bounded on to hear 300

yards farther. : GaBEn O B HE L G T
Trying now with 1 pound of powder, or the &
of the customary charge, and-elevating the piece
tonear 15% the bullet ranged’from 1400 to 1600
yards; after which, the elevation being diminished
to 5% itranged from 550 to 630 yards. s © o
- With 2 pound of powder, at only 3°L elevation,
the bullet ranged fromr 900 to 1100 yards, when
- at15° 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 3= .

pound of powder, and the same elevation, ranged
twice together to 1760 yards, “or an English mile
just. . From which experiments, T conclude; that
at-15° it would have flown ‘at least 3000 yards. -

_These were 'the p rincipal “trials with regaid *to

the ranges of an 18 pound bullet, with small charges
of ‘powder. Phese ranges, T conceive, will b

. acknowledged to exceed the

who have not been conversaut :
Kind ; and the ranges in th

33 pound of powder at 6

ations of those,
z Qbﬁf E e
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The next experiments were imasle to &
the penetration of bullets, fired with these
proportions of powder, in masses of timber.
this purpose, a butt of about 5 feet square, was
framed of two sheets of the toughest, driest oak
plank ; the first sheet consisted of planks set per-
pendicularly in the ground: But in the second the
planks were laid horizontally, each plank was 61
inches thick, so that the whole butt was 13 inches
thick, and was bound together by cross pieces,
which were well supported by props both before
and behind. It was placed about 3Q 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. o 8 22 1

The first butt being ruined, another was made
of five thicknesses of plank instead of two, so that
it was 32% inches through ; the doubles here were
placed perpendicular and horizontally alternately,
each plank was “trunnelled with three trunnels to-
that next behind it, and the whole was bound to-
gether by cross pieces, and was most firmly shored
on both sides. e e b i

~ The 18 pounder, successively charged with 3%
pound, with 8 pound, and with 2% pound of
bowder, the bullet in each shot went through the
ﬁutt, driving every time great quantities of splin-
ters before it; but the Iast shot of 2% of powder
made much the greater ravage; for it drew the
trunnels, and separated the doubles of plank from

each other, and broke the hindermost plank (which
was 6= inches thick, and 15 inches broad) short
" As I was aware, that ‘the resistance of these
doubles of plank, was less than that of large solid
/‘1 i 2 Ry -.U-a, % v s » bc .

ey

B2 g
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.‘:\ilmber, I directed a third butt to- be
ry seasoned beams of English oak;

- these ms were about a foot and a half thick,:

- had it been removed farther off,

and about two feet broad. Three of them were
set perpendicularly into the ground close to one
another ; then three more were laid on each other
horizontally for a second row; and three more
were set perpendicularly behlnd ‘the butt thus
formed was 4% feet thick, and was bolted through
with iron bolts of 1% inch diameter ; it was be-
sides strongly shored both before and ‘behind.
The 18 Tounder fired with 6 pound of powder,
the bullet in several shots penetrated into this mass.
of timber from 37 to 46 inches deep. ;
With 8 pound of powder  the penetration was
near 33 inches. ;
- With o pound of powder the penetlatlon was
' 28 inches.
- With one pound of powder the penet; atior x was
from 14% to 15% inches.
I must observe, that in all these msta-ces O'reat

_care was taken, that each shot should be planted

in a fresh sound part of the butt, where the tim-
bers had not been injured by the precerlmg trials 3
and I cannot but take notice, that the iron bolts,

“which bolted the butt together, were bent ‘by

shaking of' the beams as if they had been of*&mal‘l'

- wire onlyi

It may perha.ps be eb_]ec:‘!aedJ t,hat the dlstance
of my butt from the picce was too little, and that,

¥, the force of the
bullets fired with their sniall chal'ges would 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 ddne, on “
~account of the ground, which was g

able only in a fe\vupl






On poz'nﬁzzg, or the dz"re_cting_ of Cannon ta
+ strike distant Olg_ject.s. 6

!

THE art of pomnting of cannon, so as to strike

" distant objects, depends upon two things; the

- first of wkich, is the tracing on the outside of °
the piece a visual line parallel to the axis, by which
means the piece is to be directed in all small dis-
tances of the objects ; and the other is, the deter-
mining the allowance to be made in distant shot,
for the incurvation of the flicht of the bullet.

The first of these is usually called disparting,
and is performed by taking half the difference of
the diameters of the muzzle and base ring, and
setting it perpendicularly on the muzzle ring di-
rectly over the centre; for then a line, which
passes from that point in the base ring, which is
directly over the centre of the piece, to the extre-
mity of the distance thus placed on the muzzle
ting, will, when the piece is truly bored, be par-
allel to its axis; and consequently in small dis-
tances, where no allowance is to be made for the
mcurvation 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 more must ,.'Fhe"_pieée be elevated above
b 'hng’d;gwngﬁ-qm the piece to the object. What
~ this _,gle‘ya;}ﬂ?nj ggg'rd; te the different dis-

to be estimated, T |
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The mcurvation of a shot towards the grou
in its flight, is (ceteris paribus) greater or Ies
according to the different charges of powder made
use of : But as, for reasons explained in another
place, we have supposed, that such a charge, as
Ptoduces a velocity between 1100 and 1200 feet
1n a second, is in many cases the most eligible ;
we shall therefore take it for granted, that the
pieces we are now considering, are discharged
with such a quantity of Powaﬁer, as will nearly
produce that velocity, And then, if the shot were
not retarded by the resistance of the air, "the range
corresponding to one degree of elevation of this

iece might be reckoned 450 yards; to two de-
grees 900; to three degrees 1850; and so on; for,
independent of the air’s resistance, the ranges at
different elevations would be nearly in proportion
to those angles, at least as far as eight os ten de-
grees. DBut the resistance of the air will alter the
case considerably; for that resistance, by perpe-
tually diminishing the swiftness of the bullet, will
occasion its track to be more incurvated, than
would otherwise. happen, and consequently the
ranges will be diminished. And this diminution
of the range will be greatest in the smaller shot,
as they are more powerfully retarded. And as the
computation of these varieties may be thought
' too intricate ta be perpetually recurred to, in
order to avoid that trouble, T have inserted in
the annexed table, the angles of elevation which,
in different picces, eorrespond to different dis-
tapces, . cdiadf v I

FREE akn s o
IR e v S
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piece; AB its axis, DE half the difference b
the diameter of the muzzle ring and base rng, ™
set upon the muzzle ring according to our first iy
rections, so that CE may be the line of dispart ;
if now CG be erected upon the base ring, equal to
the tangent of elevation just found, then the line
GE will be -the proper line for the pointing of the
piece ; for, when that line is directed to the ob-
ject, the piece is justly laid. e o :
¥ If the directions here given are literally followed,
there will be two perpendiculars erected, one upon
the muzzle ring, and one upon the base rjng, but
in practice one 1s sufficient; for if GC exceeﬁ DE,
that difference only, erected upon ‘the base ring,
will with the muzzle ring at D, give the line of
direction ; and if DE exceeds GC, the same dif-
ference erected on the muzzle ring, willin like
manner with the base ring at C, give the directions
of the plcco- i il R
I find, that the charge of powder producing such
 a velocity, as I here suppose to be the most eligi=
ble, is from % to % of the weight of the bullet in -
powder, the different goodness of powder, and the
" difference in the lengths of pieces producing that
diversity. And though, by a variety in the charge,
the velocity should not be _exac_tly what is here
supposed ;. yet in distant objects (where the prin-
cipal difficulty lies) the inequality arising from
thence will not be remarkable ; or if it be, it may
‘be easily rectified after the success of three ot four
" shot have been attended to. A R R T
1 shall only add, that in distances not exceed-
“ing 500 yards, it is not necessary to recur to the
_table inserted above ; nor to make any difference
in the pointing of the different pieces. For ifin
those short distances + of a degree be _sx}pposedfeo
be -the inclination corresponding to €very 100
yards, the result will in al:lkmds : .gf‘%'icam_lon ‘be
Y \ficiently near for pragtice; as will readily Lo
il T S e AR © pear
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“to those, who shall compare the mchnatmns
uced from this rule, w1th the amrle mserteds in
table. : i : =

Here ends M. Robin’s manuscript, I am sen-
_sible he wrote other tracts on this subject of gun-
nery, besides these I now publish. - In pa.rncular
on the 9th of April 1747, there was read before
the Royal Scciety a Letter of his to admiral dnson,
., on occasion of the manuscript put .into his hands
by the admiral, which was taken on board the
French ship the Mars : and also, on the 2d of
the following July, a Dissertation of his concern-
ing the nature and advantage of rifled barrel pieces.
This I have heard much commended by several
gentlemen, who were present at 1ts readmg
From his memorandums, I find, he had made
many experiments on these sorts of barrels during
the month of March in 1745; and to a rough
dragght of'a Discourse on the irregularities shot
were liable to (which irregularities he has fully de-
scribed at page 196, &c. of the foregomg ndcts)
he subjoined what follows. :
1 must add, that the sole advantage of nﬂed ,
. 'pieces, is their preventing this irregularity ; for
o« by the spiral turns of the rifle, closcly 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 mgquahcy should at
‘ :::gybun;a mtm»e:;f itwill tlﬁe ‘presently :yectnﬁ- ‘
o t ting to’ trar & of ‘
'%gﬁlﬂ‘.'/mrt*iﬁswmma CQ& : ys!‘d
S ld Aﬂd»ﬂnx‘l&!«,' oreeable T 4 ni-
& s ﬂy practised mﬂat:on to. arrows ; for the
% wwm__ _amwwekl known to arch-
ay 4!
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“ \which their eye-sight would inform them, that
“ thé arrow undulated in ‘the airand did not
“ keep accurately to its direction. “Fhis principle
*“ 1s confirmed too by the necessity, which every
¢, school-boy finds himself under ‘of making his
¢ ‘shuttlecock spin. FAL Y Gl iy ~

“ I have made some experiments on simpler
“““methods of performing this, and applicable to
“ iron bullets; my success as yet has not been
¢ what I could wish; but it has ‘however been
« sufficient to encourage a farther prosgcution,
“ which if I shall ever pursue farther, I know
‘Chota : Pk

Besides, in a Letter Mr. Robins wrote to Aler-
ander Hume, Esquire, dated Forz St. David,
18 October 1750, there is the following passage
communicated to me by Charles Frederick, Esq.
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, T 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, wegghlng aboye
“ gy l;unf‘di'ed weight, and about eight feet in
« Jength. ~The other was only four feet three
« inches long, and weighed but five hundred
¢ weight. * The short piece being loaded with 1%
« pound of powder, and the long piece with three
e Ponds. and four shot being fired from cach
‘¢ it was found, that the two most distant ranges
ol :thei'shortfﬁéce exceeded the two least ranges
¢ of the long piece, and that the medium of the
<« anees with the long piece exceeded the medi-
'« um of the ranges with the short piece, by little
¢ more than 300 yards in 2500 yards. All which,
« T belicve, Sir, you will, on recollection, find
% to be consonant to what T asserted “iﬁﬁ =

surveyor
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- rockets, said to be 6000, the crest of the arch,
~ formed by their general figure, was elevated about
8°¢. From the care and dexterity of my friend,

5

and the nature of the instrument, I doubt not
but these observations are true, within .2 few mi-

nutes.

The distance of this station from the building
in the Green-pgrk is 4600 yards, according to
the last great map of Zondon : and hence it ap-
pears, that the customary height, to which the
single, or homorary rockets, as they are styled,

 tose t0.7°%; and that in the last great flight of

]

&2
X

A AR

~ascended, wasnear 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 observation, which I esteem to be near
25 yatds higher than the Green-park, and little
less than 15 yards below the chests, whence the
great flight of rockets was -dischargcd z
. - It seems then, thereare rockets, which rise 600
- yaxds, from the place whence they are discharged :
And this being more than a third part of 2
- mile, it follows, that, if their Light be sufficiently
strong; and the air be not hazy, they may be seen
-in a level country at above 50 miles distance.

‘The observations on the single rockets are suf-
ficiently consonant to some experiments T made
myself, about a fortnight since: forthen 1 found,

- that several single pound rockets went to various

h,e;ghts,_,betwéen. 450 and 500 yards; the altitude

- of the highest being extremely near this last num-

ber, and the time of their ascent usually short of
* seven seconds. LIRS B g

: , -But though fmﬁ-'aﬁlt :theée;trial's it sho'ul‘(:iL seem,

‘as if
- limited between 400 and 600

1S~

R

S

if good rockets of all sizes, had their heights
% 2 d' %

collect
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hazy, they may be seen in a level country at about
50 miles distance; and that from the nature of
the composition, and the usual imperfect manner
of forming them, he was of opinion, that rockets
- were capable of being greatly improved, and made
" to reach much greater distances. :
.. Mr. Robins not having been able to obtain any
certain account to what distance. any of these
- rockets were actually seen, apd comnsidering the
great use that might be made of rockéts in de-
termining the position of distant plages, and in
giving signals for naval and military purposes,
- he resolved to order some rockets to be fired at
an appointed time, and to desire some of his
friends to laok out for them at several very distant
- places. : e g
- The places fixed upon for this purpose, were
Godmarsham, in Kent, about 50 mil®s distant
from London; Beacon-Hill, on Tiptery-Heath, in
Essexv, at about 40 miles; and Barkway, on the
borders of Hertfordshire, about 38 miles from
London. 5 ; b
Mr. Robins accordingly ordered some rockets
to be made by a person many years employed in
the Royal Laboratory at /#eolwich; to which
some gentlemen, who had been informed of Mr.
- Robins’s intentions, added some others of their-
‘own making. The 27th of September, 1748, at’
~ eight in the evening, was the time appointed for
. the firing of them ; but through the negligence of
the engineer, they were not let off' till above half
an hour after the time agreed upon. There were
“in all a dozen rockets fired from London-Field at
* Hackney, and the heights were measured by Mr.
- Canton, Mr. Robins being present, at the dis-
- tance of about 1200 yards from the post from
W rockets were fired.  The greatest part-
! se to above 400 yards; ons to,
to 600 yards nearly.. o
o B N Byv:
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England; itis necessary to give a short description

, - OF GUNNERY. 5
The method I have herein view, and which I

‘propose 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

of their make, and of the particularities, in which
they differ from the common pieces. For which
purpose I must observe, that the essential differ-

_ence between them is this. That a common piece

has its barrel smooth on the inside, whereas the

rifled piece has its cylinder cut with a num ber of

spiral channels; ‘so that it is in reality a female
screw, varying frem the 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 more than one
turn in its whole length. The numbeon of these

- threads in each barrel are different; according to

the fancy of the workman, and the size of the
barrel ; and.in like manner; the depth these chan-
nels, or rifles, are cut down to, is not regulated
by any invariable rule; but differs according to . =

~ the country, where the work is performed, or the

caprice of the artificer. This is the general idea
of a rifled barrel, as opposed to a common one;

- and the usual method of charging it (though there

are different practices, which ‘will ‘hereafter be
more minutely examined) is this. . When the pro-.
per quantity of powder is put down, a leaden

“bullét is taken a small matter larger, than the bore

itsel

of the picce was, before the rifles were cut; and
this bullet being laid on the mouth of the piece,
and being consequently too large to go down of
it is forced by a strong rammer, impelled
mallet, and by repeated blows is driven home

ra.

' ‘td, the powder ;- and the softness of the lead giv-

o the violence with iwhich the bullet is
;that zone of the bullet, which is conti~
s i AR r S guous
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Fhis may suffice as to the general idea of the
form and convenience of a rifled piece ; and before

I enter into a detail of the varieties in its fabriek,
- and manner of charging it, or engage in any mi-

‘dient to insert some experiments, by which it will
. appear, how well it answers the purpose, I have
| mentioned above; I mean that of keepmg the
“ball to.ts regular track, by preventing that de-
flection, which, as we have seen, takes place in
. the bullets fired from common pieces. Bt
And first I considered, that in consequence of
~ the reasoning about the manner, in which it pro-
. duces this effect; it should follow, that the same
~ hemisphere of the bullet, which lies foremost in
the piece, must continue foremost during the
whole course of its flight. , : ;
To examine this particular, I took a afled bar-
rel 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
. bent itself easily into the rifles without breaking.
~ And firing the piece thus loaded against a wall
‘at such a distance, as the bullet might not be
shivered by the blow ; 1 always found, that the .
same surface, which lay foremost in the piece,
continued foremost without any sensible deflection,
during the time of its flight. And this was easy
“to be observed, by examining the bullet ; as both
~the marks »f the rifles, and the part that impinged
-on the wall, were sufficiently apparent. . :
- Now, as these wooden bullets were but the six-
~ teenth part of the weight of those of lead‘;",I con-
“elude, that if there had been any unegual resis~
tance or deflective power; Che
been extremely sensible upon this light body; and
‘consequently in some of the trials I made,
. face, which came foremost from
~ have been turned round iute anot

$5
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But.

nute discussions relating thereto; 1t will be expe-

effects nmiust have &
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the barrel with it; by which means the leather or
fustian incloses the lower half of the bullet, and by
its interposition between the bullet and the rifles;
‘prevents the lead from being cut by them. But
it must be remembered, that in those barrels, where
this is practised, the rifles are generally shallow,
and the bullet ought not to be too large.
As both these methods of charging at the mouth
itake up a good deal of time; the. rifled -oarzels,
which have been made in England (for I-rethem-
ber mot to have seen 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 putin
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 forced through the rifles, and acquires
the same spiral motion as in thelforrp?:r kind of
pieces, And perhapssomewhat 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 barrelside aa sypiiia oz
‘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 Imust
observe, .that though the bullet _impelled  from
them keeps for a time to its regular track with suf-
ficient nicety;, yet if its flight be so far extended,
‘that its track is much incurvated, it gillsthen ’dr
ten underzo considerabledeflections. This, accord-
e e s ses from , the angle at
L atgyto Iy CXPEIIORIS, RIS BOa L et s
last made by the axis, on _whichi the builet turns,
 ‘and the direction in which it flics; for that axis
. continuing nearly paraliel o ifself, Jt must necel
sarily diverge from the line of the flight of the 70
let; when that line is hent from its, oniglt
 tion; and when it once happeis, Ehat/
* whirls on an axis, WhichnoORg
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- the line of it$ flight; ' then the unequal resistance
.~ described in the: former papers-will take place, and
~ the deflecting power hence arising will perpetually
- increase, as the track of the bullet, by having its
 range extended, becomes more and .more incur=-
vatedii- i sany R e B dag
* This matter I have experienced in a small rifled
barrel piece cafrying a-leaden. ball of ncar half an
ounce weight... For this piece, charged with' one:
deaclimof powder,« ranged about 550 yards, at 105
anglé of twelve idegrees, 'with sutficient regularity;
but ‘being afterwards elevated to twen ty-four de-
grees, it then ranged very irregularly, generally
deviating frem the line of its direction to the left,
and finfone frial not-less than one hundred yards.
2 "Fhisapparently'arose from the cause above men-
tioned, as was confirmed by its constant deflection

- Yoithe'left; for''by consideriny, how the revolv<

ing motion‘'was’ combined with the progressive
one, it appearéed, ‘that a ‘deviation that way was
to be expected. " ¥ et
- The best remedy; I can think of for this defect,
is the making use of ‘bullets‘of an egg-like form
instead ‘of ‘sphierical onesi» For if such a bullet
hath its shorter axis made to fit the piece, and it
be placed in: the bariel with-its smaller end down-
wards ; thentit will dcquire by the rifles'a rotation
round'its larder axis;; and its centre of ‘gravity
i}vmg_ nearér to atsfore part than its hinder part, its
tonger axis will be constantly forced by the.resist
ance of the airdnto the line of its flight. 1As we
beeplthat by’ thesame iieans arrows constantly lie
in“the line'oftheir diréction;” however that Tne be.
“anvurvatedor ;e ol iealo Sl oy i D
t ‘besides fhis cady treated of
ﬁﬁmgwmem th f\'Jsé of these
el renders the flishtof the bullets un’
et & considerable elevation. ' -
e%pesgmen%s; t;]éiat";theiivélaciity% &
e % et 5 S R - oI
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about one-fifth of its weight 'in

’ ‘although the greatest care

 the bullet each time received by
 tion of the friction. .~ -,
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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 fiom- a common

plece.

_This, as I-conceive, is owing to thegreat quan-
tity of friction, and the impossibility ot rendering
it equal in each experiment. ‘' Indeed, if the rifles
are not deeply cut, jand if the bullet is nicely fitted
to the piece, so as not to require a-great Torce to

~ drive it down, and if leather or fustian yell greas-
" ed is made use of between the bullet'and the bar-

rel in the manner described above; p&rhaps by a
careful attention to all these®particulars, great part
of the inequality in the velocity of the bullet may
be prevented, and the difficulty in question be in
some measure obviated : but till this be done, it
¢annot be doubted, but the range of the same
piece at an elevation will vary consideraply in each
tiial ; although the charge be each time the same.
And this T 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;
I found, that, though it flew with a sufficient
exactness to the distance of four or ' five hundred
vards; yet, when it was raised to an angle of about
' (at which angle being fired with
powder, its me-
dium range is nearly a ~thqusand _ya;'c}s) (in this
case, 1 say, I found, that its range was “'a.“a,l_’le’
‘was taken “to prevent
any incqualities in the quantity of the powder, }q])r
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 ; theyhc'a?}
only be imputed to the different velocities, Whic
: : the unequal ac-
’ From

¥
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From all that has been said then about the use

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 itis a de-
duction from hence, that the less the rifles are in-
dented, the better they are; provided they are just
sufficient to keep the bullet from turning round
in=th& piece. - It likewise follows too, that the'
bullet ought to be.no larger than to be just press-
ed by the rifles; for the easier the bullet moves in
the piece, supposing it not to shift its position,
the more violent and accurate will its flight be.
And to render this last article the more complete;
it is necessary, that the sweep of the rifles should
be in each part exactly parallel to each other.. For
then, after the bullet 1s once put in motion, it will
slide out of the barrel without any shake, and with
a much smaller degree of friction, than if the
threads of the rifles have not all of them the same
degree of incurvation. -

- The foreigners are so exact in this article, that
thiey try their pieces as to this particular by a sin-
gular artifice. For they first pour melted lead into
them, and letting it cool, they procure a leaden
cylinder of perhaps two or three diameters in
length, exactly fitted fo one part of the inside of
the piece; then if this leaden cylinder, being
gently pushed by the rammer, will pass from one
end of the barrel to the other withont any sensible
strai; or effort, . they pronounce the piece perfect;
but if it any where sticks or moves hard, they
esteem it defective. Ly e e

.. ¥rom the nature of these pieces it is plain, that

~ they can ounly be made use of with leaden bullets ;
and consequently cannot be adapted to the adjust-
ing of "‘tﬁﬁ’f@lﬂﬁ@'ioﬁéthel‘: shells, or cannon-

™ hﬁllqm.‘ﬂam r from the same principle, whence

- pieces their perfection, other artifices




- . fore close this paper with predicting, that what-

7
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may be deduced for the regulating the flight of
these more ponderous bodies. On some of these
methods, which have occurred to me, T 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 shal] there-

. ever state shall thoroughly comp-ehengd the'nature
and advantages of rifled barrel pieces,”and, hav-
ing facilitated and compleated their conStruction,
shall introduce into their armies their general use
with a dexterity in the management of them;
they will by this means acquire a superiority,
which will almost equal any thing, that has been

~done at any time by the particular excellence of

any one kind of arms; and will perhaps,fall but .
little short of the wonderful effects, which histories
relate to have been formerly produced by the first
inventors of fire-arms. : o 3

THE END.
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