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493 BOUT a Twelvemonth fince, I -

X @ had fome Intentions of exhibit-
g b3 ing a public Courfe of Fortifica~
(ERoagay tion and- Gunnery: And tho’ for
Rcafons not neceffary to be here mentioned,
I afterwards defifted from that Defign ; yer, as
I had procecded fo far as to diftribute fome
Manufcript Copies of the Particulars, of which
I propos'd it to confift, I have thereby been in

. fome Meafure engaged in the prefent Under-
taking/

For, as I had refolved to render this Courfe
as.complear as I poffibly could, both by
largq Models of different Fronts of Fortifica-

tion, and their. different Awtacks, and by an °

A2 experimental

L]
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experimental Exemplification of the Precepts
of Gunnery with real Artillery; I found it ne-

ceflary to infert under this laft Head 2 Theo-

ry of the Force of Gunpowder, and certain
Propofitions relating‘to the Refiftance of the
Air, which I had difcovered, and confirmed
by Experiments. But thefe Principles being
fet down in the Schemes, which 1 delivered

" out, as Affertions only, without any account
of the Nature of the Experiments made ufe of'
~ for proving them, and being liable -to great

Conteftation on account of their Inconfiftency
with all the received Opinions of the Writers
on this Subjeét ; Ithought itincumbent on me
to clear up in a more particular Manner anyDif-

* ficulties, which might have arifen about them,

and to evince their Certainty by a2 number of
unqueftioned Experiments.  And this has prin-
cipally given Rife to'the enfuing Treatife, in
which the Force and varied Action of Powder
is fo far determined, that the Velocities of all
kinds of Bullets impelled by its Explofion, may
be thence computed, and the enormous Re-
fiftance of the Air to fwift Motions (much be-
yOnd what any former Theories have affigned)
is likewife afcertained. And on’ thefe Prin-
ciples it will appear, that the Original Veloci~

ties of Bullets, when impelled by full Charges
' : of
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.of Powf]:r, and the-Track defcribed. by their
Flight, are extremely different from what, the
Writers on thefe Subje&s have hitherto fuppofed.

As the principal Dilquifitions of the follow-

ing Sheets relate to the Force of Powder, and the
Flightof Shellsand Bullets; it may not perhaps
be unacceptable to the Reader to perufe .a few
Particulars, relating to the Invention of Pow-
der, and the Hiftory and Improvements of
Gunnery, and its Sifter Art Fortification ;' efpe-
cially as the Nature and Purport of what, we
thall hereafter advance, will receive fome kind
of Iluftration, by beirg compared with the

Opinions, which have formerly prevailcd!in ’

thefe Enquiries. And tho’ ourimmediate View
is the promoting the Theory and Pra&ice of
Gunnery, yet the prefent Methods of fortify-
ing are fo connefted with the Invention and
* Management of Artillery (thefe. Aris having
*"in"fome Meafure given Laws to each other)
that I prefume a fhort Recital of the Rifeand
Changés of the modern Military Architecture,

will not be impertinently prefixed to an Ac-
count of thofe powerful Machines, which firft
gave it Birth,

WiTH regard to the firt Invention of Baf-

tions, there are many Opinions amongft Au-
A3 thoss,
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thors, it being as’ yet a Point undecided jn
what Place, and at ‘what Time they were firft
~ putin Practice. Someé have attributed this In-
vention to Zifca the Bobemsian, Others to Ach-
- met Bafbaw, who having taken Otrants in the
Year 1480, fortified it in a particular Manner,
_which is fuppofed to be the firft Inftance of
"the Ufe of Baftions (@) But thefe are the
" Pofitions of Tater Writers. Thofe, who wrote
‘on ‘the Subje of Fortification near 'two%ep-

turies ago, feem 1o’ fuppofe, that Baftions

were a gradual Improvement in the ancient
“Method of Building, rather ‘than a new

TBOught;’th'gt any one Perfon could claim the
.“Honourr of. ' Pafims in particular, in ‘the ‘firft
" Part of his Book, imputes the Changes in the
~ ancient Fortifications, -and the Introducion of
~ the modern Form) to the increafed Violence of

the later Artillery, without pretending that it

“was effeCted at one Time, or by one Perfon ().

‘ sa). 7id. The Commentary of the Cheévilier Folord on
" Polybius. Tom 3. pag. 2. . o

* (&) Vid. "Difeours  fur plufienrs poinéts -de PArebi-
tellure de Guerre concernants lés Fortifications, tant anei.
énnes que modernes, &c.” Par M. Aurelio de Pafino Fer-
-1arois, architelie de tres-illufire Seignear, Monfeigneur le
Duc de Buillon. Printed by Plantin 1579, It appears by

- a'Copy of Verfes prefixed to the Book, that ‘this Author
fortified Sedan.

-So
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.So that T believe'we eannot -with ( Certainty
affirm -more in’ Relation: to- the. Invention .of
Baftions, than that they were well known foon
after the Year 1500, -For in 1546, Tartalea
publithed his Quefits & inventions: diverfe, in the
fixth Book of which*-he -mentions, : ithac whilft
he refided at Peroma fwhich :muft- have-been
many-Years -before) he faw Baftions .of a pro.
‘digious Size ;' fome finifhed, and others build-
ing ; and there is-befides, in the fame Book,
-a'Plan of Turin,; which: was then fortified wish
“four ‘Baftions, and feems -to:-have been com-
‘pleated fome time before.

- ‘AnD 'tho’ - we cannot: certainly: affign..the
" 'Time, when the old circular Towers were fisft
converted-iato Baftions, - yet in all Probability
it did not long precede the Date, we laft men-
‘tioned, ~For  in:ithe. fame Baok. the Prior of
*Barleta, -who- was himfelf a Soldier, , eftcems
“Jurin-to be impregnable ; - and tells ‘us, that
“'this was 'the: general Opinion of all Men of
£Skill ; he likewife makes -it a Queftion, ;;if in
the fortifying of Cities, the Genius of .Man-
“kind. was -not arrived at. its: utmoft Limits of
< Perfe@ion ; which feems to evince that the In-
- yention ‘was.a. recent one ; and -that..it, was
. greatly the Obje@ of the Efteem and Confi-
A 4 deration
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deration of his Cotempgraries; as a-new Con- -
'trivantc of this'kind- would naturally be.

STur firft Baﬁlons, fuch as thofc of Turin,
of - Anfwerp'(a); and others of thefame Age,
were but fmall, and removed ar a great Dif-
tapce from each other; for at that Time it
.was the univerfal Pratice :to attack the Cur-
.tain, 'and not the Baftions. Buta few Years
.aftet! there were introduced Baftions much
darger, ‘dnd much- nearer together, than what
had been confttuéted before ; as appearsby the
Citadel of Antwerp,- which was buyilt under
the Direction of the Duke D’ Alva, about 1566,
-and:which by the frequent Encomiums on it
in fome early Authors, feems:to have been

“the firft Inftance of this Improvement.

*. FroMm this Period, the modern Pracice of
military Architecture may be fuppofed to have
“taken its Rife ; moft of the Improvements of
the prcfc’m Times, being little more than the.
putting in ufe fuch Methods, as were propofed
-~ within a few Years of this Ara; for many ce-
" lebrated Authors flourithed foon aftqr, as () La
- “ TDreille,

(@) Antwerp was fortified about the Year 1540, 2s we

. learn from Speckle . Lib. 1, chap. 10,

(¢) Vid, La Maniere de fortifier Villes, Chaﬁeaux, et
faire autres lieux forts : mis en Frangois par le Seigneur de Be-
reil
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Treille, Alghifi, Marchi, Pafino, and above all
Speckle,(a) who was one of the greateft Genius's

that has applied to this Art.

T 1 £ better to judge of the Pretenfions of
the Moderns, and the Merit of the Syftems of
Fortification now/ in vogue, we muft enter in-
to a fhort Dicuffion of the various Methods,
which have been propafed for covering the
Flanks, and confequently for feeuring the Ram-
parts from the Approach. of an Enemy. For
if it be agreed, that the principal Defence of
a Forsrefs is its Flanks ; the beft Standard to
judge of the Merit of any Syftem of Fortifi-
cation, is the Manner, in which it provides for
the Safety of the Flanks, againft the Efforts of

~the Enemy.”

~ Now the moft ufual Contrivances for this
Purpofe, bave been Orillons, Ravelins placed
before the Curtains, Half-Moons placed before

ol Frangois de la Treille Commifaire en I Artillerie, A Lyin
1556, This Author was the firft 1 have feen, wko

propofed the Retired Curtain, which has fince been publifbed

by others, under the Name of the re-inforced Order.
(a) Danicl Speckle was Architeét of the City of .Straf-

- bourg ; he died in the Year 1589. He publifhed a2 Treatife

of Fortification in German, wh.ich was re-printed at Leip/ic
inthe Year 1736. : .
‘ the
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the Points of the Baftions, and Gontregards, each
of which we fhall feparately-confider, both. as
to their Ufe and Antiquity.

“T u E Orillon'is as old: as'the Baftion, -fince
“in Turin and Antwerp{mentioned above) there
is a lower Flank, which ‘is cut out of the'Sub-
+* ftance of the Baftion, and 'has thereby a Should-
er of a confiderable Thicknefs, to fcreen /it
“from the Field:-Batteries. But befides ¢his; ‘the
Drawings of Pafino, Speckle, &, abound with
" Orillons of ‘the fame' Form -with thofe::now
ufed, 'the only Difference being, that the Mo-
dern ones are lefs' maffive than the Antient ones.
" This Invention has had the good Fortune -to
‘ftand ‘its Ground din almoft every Syftem,*
which has prevailed ; although it ‘be rather-on
the Fame of the Services, it has formerly done,
than for any Advantages the Moderns have re-
ceived from it. For in ancient Sieges, it was
the Cuftom for the Befieged to have a' Retrench-
..ment behind the Breach, by which Means the
- Befiegers were obliged to lodge themfelves on
the Ruins of the Breach, in order from-thence
to batter the Retrenchment. - In ‘this Cafe vhe
Piece or Pieces of Artillery, which being co-
vered by the Orillon, could not be difmountéd,
were of wonderful Service to-the Befieged.
And

%

1
i
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- And many Inftances might be given, where
. thé Enemy have been hereby fo gauled, after
they had lodged thermfelves in the Ruins of the
‘Breach, ‘that they have defifted from their En-
“terprize. ' But as it is now no longer the Fa-
fhion to hold out, after a Breach is made in the
'Body of the Place, and the Ditch is near
filled up, we rarely hear in the prefent Fimes
“of any great Feats pérformed by the Orillon.

“T u & Ravelins placed before the Curtains,
‘(or Half-Moons as they are called in the mo-
‘dern Syftems) were intended to prote&t the
Flanks from crofs Shot, -and to confine the-Bat-
" teries, which fhould be raifed againft the Flanks
- to the oppofite Part’ of the Counterfcarp only,
where they would be more expofed ro.the Be-
fieged, and more difficult to preferve. This
Invention likewife ‘is nearly -as ancient as-the
Art of Fortification ; it being to be found in
great. Numbers of old Places, and in almoft
every old Writer, and is flill continued.in moft
" Fortifications.

- Bur the ancient Writers, whofe. principal

Care was the fecuring of their Flanks, did-not

- rely folely on theAdvantages, they received from

- the -laft- mentioned -Invention. ' For though by
that
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that Means the Bauteries for deftroying the
Flank ‘were conﬁncd to one Place, yet they
found on Exammatxon, that on that Place the
Enemy would have mcre room than was fuf-
ficient for cre&mg of his Counter-Batteries ;
and therefore they added Half-Moons before
the Points of the Baftlons 3 thefe were intended
to poffefs the Ground, to whlch the Enemies
Batteries againft the Flanks were already con-
fined, and ‘thereby to render the Conftru@ion
of thofe Batteries ftill more difficul. How-
ever, they did not compleatly anfwer. this Pur~
pofe, and have been long fince laid afide.

Tue Intention of Contregards, (4) which
are likewife very Ancient, is the fame with that
- of the Half-Moons laft mentioned, that is, the
Prote@ion of the Flanks, to which Purpofe (if
properly conftructed) they are moft wonder-
fully adapted; for the Enemy in order to ruin
the Flank, mutft eicher plant his Counter-Bat-
tery on the Contregard itfelf, which, if the Con-
“tregard be of a proper Profile, it will be im-
poffible for him to do, or he muft demolith a

" (a) Pafino, whom we have mentioned above, clainis the
Invention of Contregaris, tho’ they were afterwards niuch
mended by Speckle. But the Contregards of this' Author were
not before the Baftions only, but furrounded the whole Place.

Parc
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- Part of the Contregard to enable his Battery
on the Contrefcarp to view the Flank; which
is a tedious Work, attended with great Hazard
and Difficulty. The fame Inconveniency like-
wife attends him, when he would batter in
Breach.

BuT notwithftanding thie Excellence of this
Invention, it has been almoft entirely negle@-
ed in the modern Syftem of a neighbouring
Nation, There have indeed been twa or three
Places fortified by the French, in which there
are Pieces called by them Contregards; but
they have nothing but the Name in common
with thofe, we here treat of. However their
Experience of the Efficacy of this Work at,
Turin may poffibly have induced them to
think more favourably of it. For I have late-
ly feen them adding Contregards to the old
Works of a very confiderable Frontier, al-
though it was before efteemed cne of their
compleateft Places.

From all that we have faid then, it ap-
pears, that the Covering of the Flanks, was a
Subje@¢ much more attended to by the an-
cient Engineers, than by thofe, who have fuc-

ceeded them; and confequently that the Arc
of Fortification has not received from the

Moderns
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Moderns thefe great Improvements, which un-
{kilful Writers would fometimes perfwade us
to believe : For indeed in the fecuring of the
Flanks confifts the greatett Strength of a For-
trefs3 fince, though: all the other Defences by
being expofed to the Field-Batteries of the.
Enemy fhould be ruined, yet as long as the
Flanks are entire; the Rempart of the Place
cannot-be- approached by the Enemy: And’
thesefore, fince this Circumftance. hath been
1o lile beeded by fome amongft the Moderns, .
ic muft: be.owned, that.the true Principles of.
this-Art have been very. imperfectly compre-
hended - by: them, For it has often happen-
ed, that they have difputed about a few Fa-
thoms in‘ the Length- of a Flank, a- Face, or.
a Cureain, or a few Degrees in the Magnitude.
of a particular Angle ; when at the fame Time.
they have too-much-difregarded this moft im-
portant- Confideration of all, the fcreening of
the Planks-from the Batteries of the Enemy.

Bu T this negle@ hath been fometimes owmg
to . the Authonty of- erroneous Maxims, one of
which in particular is, that, (2) whatever fees,
is itfc]f‘ feen; whence it has been inferred; chat;

(e) Ses this Maxiny, urged with . this View in Pagans
" Fortification, Ghap: iv. £
|
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if the Flank can'fec the Enemy, the Enemy.
can ruin-che Flank with his Batceries, But
_ the Fallacy .of this ‘Reafoning lies here, that
the Flank if pmpcrly covered cannot fee the
Enemy, when. he is-in a Sitwation, where it is
poflible for: him to. raife- Batterics. but only:
when he gets in a Place, where he muft be ex-
pofed to the Fire. of the Flank without hav-
ing it in his Power toreturn-it. For Inftance,
a_Piece of Cannon covered by an Orillon in
the. common. Manner. cannot be. feen by the.
Enemy, till he is got over the greateft Part of
the-Ditch, or is maunang the Breach, in ei-
ther of which Places. it is impoffible for. him
to.raife a.Counter-Battery: And the more com-
pleat the. Artifice is, by which the Flank is
foreened, . the greater will be the: Space, in
which the Enemy will be thus cxpofed

OTtHER Engincers have. endeavoured to un-
dervalue. this Art as ineffe@ual, and with this
view they have expatiated much on the Force
of_the modern Methods - of Attack, and have
declared, that no place how artfully foever
conftrued: can ftand before them: With thefe
Gentlemen itis-a Maxim, that:when the Con-
trefcarp is once loft, thc whole Conteft is in
A manner over; and thcy endeavour to fupport.

: - themfelves
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themfelves in ¢his Perfwaﬁon by the Ex1mp]cs
of Places of great Note, ‘which have been re-
duced in a much fhorter Time, than was ex-
pe@ted.  If thefe Opinions could be relied- on,
the greateft Part of the Monty laid out in
Fortifications would be extreamly ill employ’d,
fince a fimple Rempart and a Contrefcarp
would fuﬂy anfwer the whole Purpofe intend-
ed.” *But the'Truth is, that, when a Place is
well conftru@ed, and fkilfully defended; the
taking of the Contrefcarp is but a fmall Step
towards the Poffeffion of the Place(a): 'In-

~ deed the Rafhnefs and Precipitancy of thc Di=

retor - of the Approaches, -hath often 'intimi-
dated a weak and ignorant Governor ; but when
the Attacks have been thus eagerly hurried on
againft a Place commanded by a brave and
knowing Officer, he has fometimes taken fuch-
Advantages of thefe incautious Steps, as. have
made them too faral to be copied by any
pretending to Prudence or Humanity. By
this means- the eafitft Enterprizes have been’
often rendered impofiible, and the Pretence of

(a) In the laft memorable Siege of - Barceloma, the Lo
of the Contreflcarp (which was takep in.a Fortnight) .did »
not determine the Fate of. the Town, the great; Refiftance .
being after the Body of the Place -was opencd by feveral

Breaches, '
: gaining
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gaining a Day or two ‘has often occafioned the
lofs of the whole (a),

Besiprs, thofe Inventions for {creening of
the Flanks, which we have already mention-
ed, there have been others propofed of a dif-
ferent Nature, which by reafon of their Sin-
gularity, have been lefs attended to; fuch is
the Conftruing of a Line, which fhould pafs
through the Ditch, from the Point of the Ba-
_ ftion to the oppofite Point of the Contrefcarp.
This is mentioned by General Montecuccols in
Bis Memoirs, as 2 Method, much lefs liable to
Exception, than it appears 1o be at ficft Sight
(6). But though a Line thus conftru@ted, will
doubtlefs cover the Flanks from the View of
the Barteries placed on the oppofite Part of
the Contrefcarp, and is it felf very defenfible,

(a) Many Inftances of the Difficulties and Hazards, to
which the Allies were often expofed in Flanders, during the
late War, may be feen in Landsberg, who was then an En-
gineer.in the Service of the States-General ; thefe Accidents,
according to him, were generally owing to the Prefumption
of the DireQors, who under the Pretence of Expedition,
contracted. the Front of their Attacks, and thereby often
left the Enemies Works in their Rear, which rendered their

Progrefs next to impoffible.  Vid. Nouvelle Maniere de

Fortifier les Places.
() Vid. Memorie del general Principe di Montecucco]t,
pag. 116,
B yet
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yet I have never heard of its being put in Exe-
cution. : ,

. "AnoTHER Way of fecuring the Flanks, is
by interpofing the Entring Angle of the Con-
_trefcarp, (or of the Ravelin) between them

and the Counter-Batteries. This.Pra@ice is de-

fcribed by Errard of Barleduc, (a) and is by
him faid to be the Invention of the Count of
- Lynar. - And though fome Authors, who were
ignorant of the Advantages hereby propofed,
have feverely cenfured the having any Pari of
the Ditch hidden from the Flank, a Circum-
ftance which muft neceffarily ateend this Con-
Rrucion ; yet the greatett Genius, who ever ap-
plied himfelf to the Study of this Art, has
thought it worthy of his Imication; the cele-
brated Fortrefs of Berghen-Op-Zoom, having
jts Flanks in part covered by this Artifice, |

. BurT in a proper Soii there is @il a:mé e ef-
ficacious Defence, than any we have yet inen-

(a) Vid. La Fortification demontré, Lib. iii. Chap. ii, Be-
fides this Invention here mentioned, there occurs in this Ay
thor, the Contrivance of placing a Gallery under the Co-
ver'd-Way, with Loop-Holes into the Ditch, which is prac-
tifed at Tournay, but more compleatly at-Berghen-Op-Zoom,
Vid. Lib. iv. Chap. vii. L

tioned ;
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tioned ; and that is, by the Means of Conttes , - - .
mines. For fuppofing the Fortifications of a* ~ -

Place to be conftructed with no more Art, than
what is neceffary to oblige an Enemy to bring.
his Batteries on the Glacis, when he propofes
either to batter in Breach, or to ruin the Flanks,
(which may be effected by a good Profile and
a Ravelin before the Curtain enly.) If the Soil
be free from Water to a confiderable Depth, it
is always in the Power of the Befieged to ruin
the Batteries of the Enemy by their Mines,
which may be repeated tob a number of Times,
in Proportion to the Depth of the Soil. For
thefe Barteries being by Suppofition confined to
one Situation, the Befieged can always be pre-
pared for thefe Operations before-hand, and
would have infinite Advantages over an Enemy;
who thould endeavour to dig them out ; which,
" however in fuch Circumftances, would be his
only Refource. ' .

Tue firft fuccefsfol Application of the Blow-
ing of Mines in Sieges, was in the Kingdom of
Naples, where Pietro de Navarre by this Means
poflefled bimfelf of a Fort garrifoned by the
French, But the firft celebrated Ufe of thefe
Misies in oppofing the Progrefs of the Befiegers,
was in'the Years 1666, 67, 68, at the Siege of

' - B2~ Candia :
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Candia ; not but they had been often pradtif-
ed in the Defence of Places before, though in
a lefs memorable Manner ; for by the Affift-
ance of this Invention principally, the City of
Candia kept the whole Power of the Ottoman
Empire at a Bay for three Years fucceffively.
Since that Time the Advantages -of Conire-,
mines have beeq better underftood. The laft
eminent Inftance of their greac Utefuloefls, was
in the Defence of Turin, in the Year 1706 ;
for fo-effeCtually were the Befiegers traverfed
thereby, that afier near four Months of open
‘Trenches, they were not in the Pofleflion of
more than the Contrefcarp, and even there, e-
leven Pieces of their Cannon were blown up by
the Defendants, but three or four Days bcforc
the Place was relieved.

Berore I leave this Head, I cannot but in
Juftice mention the great Improvement - in the
Deoétrine of Mines, which is contained in that
excellent Diflertation (a) annexed to the third
Volume of the French Polybius.  For nothing
can be more complear; than the Manner in

(@) This in the Preface, is faid to be the Performance of
Monfieur de Valiere, Marechal des Camps, and‘Captaln-
(xencral of the Mmers ‘

which
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which the different Stages of Mines are there
diftributed; indeed, the Form there affigned 1o
the Excavarion, cannot be rigoroufly, what the
Author feems to fuppofe ; but this Exception
has nothing to do wich his general Rangement
of the Chambers, which is extremely well con=
trived for the Hufbanding of the Ground, and
the Annoyance of the Enemy.

I nave already taken notice of the Defe@s
in the Writings of many of thofe, who amongft
the Moderns have undertaken to form Syftems
of Fortification. But when I {peak of thefe
Authors and their Copiers, I muft ac the fame
Time avow the fuperior Merit of the great Coe-
boorn, who was undoubtedly the ableft Forri-
fier, that ever the World knew. This Author
has publifhed two T'reatifes on this Subjet; tl:e
Firft containing a Method of Fortifying a Pen-
‘tagon, to which is annexed a Proje& for the
Amending the Fortifications of Coevoerden. In
his Second, he has propofed three different Man-
ners of Fortifying, one applied to a Hexagon,
-another to a Heptagon, and a third to an O&ta-
gon; and he has befides added, the Manner of
Forufymg that Side of a Fortrefs, which hap-
pens to be contiguous to a River. In this Work
hc has particularly examined all the poffible

B3 Atracks
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Attacks, that can be formed againft his pro-
pofed Places, thereby to evince the great Su-
periority of his Defences; fo thatit is in fome
Meafure a Difcourfe on the Attack and Defence
of Places, as well as a Syftem of Fortification ;"
and upon the Whole is the moft excellent Per-
formance, that has ever been produced on
this Subjeé. It was written in Low-Dutch
(the Author’s Native Language) but has been
tranflated into both Fremch and Englifh, buc
very imperfectly; tho’ in a new Edition of the
French 'Tranflation lately printed in Holland,
* many of the Ersors of the former are amended,
and {fome particular Paffages are cleared up by
the Notes of the Editor, who fcems to have
underftood his Author very well.

I nAvE been told by thofe, who were well
acquainted with this great Man, that his Trea.
tifes were far from acquiring him either the
Advantages - or Reputation, which he might
reafonably have hoped from them. For that .
his Cotemporary Engineers, wedded to their old
R"oad, decried him as an dnﬂcilful, felf-con-
ceited Precender ; but that he as laft furmount-
ed thefe Effe@s of their Envy and Prejudice
by his Defence of Fort William at Namur,
when that Place was befieged by the French;

. after
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~ after this, which eftablithed his Reputation,
he rofe’ apace. to the greateft Military Com-
mands, and immortalized his Name by his
Condu@ of the Siege of Namur under King
William, and afterwards at Bon, Limburg, the
~Citadel of Liege, &c. And his Death at theBe-
ginning of the late War in Flanders was a very
great Misfortune to the Allies, of which al-
moft every Siege formed by them after the
Ycar 1707, was a melancholy Proof.

' BESIDES bemg entrufted with the Dxre&xon
of Sieges, he was employed too in the repair-
ing and new-modelling many of the Dutch
Frontiers. His laft work, which is left unfi-
- nithed, was Bergen op Zoom, which will always
do Honour to his Memory. Tho’ he is yet fo
lictle out of the Reach of Cenfure, that I have
heard  Military . Men, even in that Place, con-
.demn as Imperfc&xons, thofe very Circumftan«
ces, whence it derives its principal Defence.

., CoNSIDERING the great Fame which Gea
neral Coeboorn acquired in real Service, it is
difficult to account for the little Regard which
hath been paid to his Writings, The ‘moft
natural Reafon I can difcover for this Negli-
" B 4 . . gence
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gence, s the Pronenefs, which we have always
fhewn for the Opinions of "2 neighbouting
Naticn, who, whatever other good Qualititg
they may have, were ntver famous for doing
juftice to the Merit of thofe, who were of aho-
ther Country, and were engaged in an Interef¥
oppofite to their own.  However, I prelume’
his Repuratich a5 an Author is at préfent ins
greafing, For I faw noc long fince in one 6F
the moft - confiderable Frontiets bel‘oﬁging 10
France a Piece of Fortification carrymg on,
which was evidently copied from the prmted
Works of Coehoorn,

" Tuovin with Regard to the modern -

Writers on Fortification, 1 cannot find atiother
to place in the fame Atticle with the great
Genfus, 1aft mentioned; yet thete 4tre two
Ruthors on the Methods of atracking and de-
- fending Places (a Subje& neatly connedted with
Fortification) who arerit the higheft Applavfe,
I mean Goulon and the Marechal de Pauban.
The firft in 4 fhore Treatife, intitled Memoires
Jar? Aitague et la Dreferice des places. Inwhich
he has very diftin@ly inculcared the principal
Maxims heceffary in thofe Operanons The
‘other ia 2 "Work which he prefenced  in

: ’ Manufcripg
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Manufcript to the late King of Franmce, of
which Copies gerting Abroad, it was publithed
four Years fince in Holland, In this Book Mr.
¥ auban has very circomftantially defcribed chofe
Parts of the Arttack, which were more imme-
diately of his own Invention ; fuch as the Bat-
teries @ Recochet; the Parallels, and a pecu-
liar Condu@ of the Sap. Not but that he has.
likewife given very ample Inftru&ions on
every other neceflary Head ; and the: whole
muft be owned to be a very mafterly Per-
formance, worthy of the Experience and Ca-
pacity of its great Author. ° o

IT ‘might, perhaps,- be expe@ted; that I
fhould here mention with Approbation . the
Skill of this laft-mentioned Engineer in the
Art of Fortifying. But as he has never writ-
ten any Thing himfelf on this Subject, chac -
may excufe me from ranging him in the Lift
of Authors. Bnt to fpeak the Truth on this
Head, I cannot buc believe from all, I have hi-
therto feen of his Works, that he was much
more to be efteemed for his other Talents than
for the Fortifications he has ere®ed. For
though I have a very high Opinion of his good
Senfe and Difcernment; Ido not conceive that

' his
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his Iavention in -this' Art was to be compared

with that of his Cotemporary Coeboorn,

Trus much may_fufﬁce on the Origin and

- Variations.of, the prefent Military ArchiteGture,

We muft next difcufs what ismore immediate-
ly connefted with the Purport of the enfuing
Freatife, I mean the Invention of Powder and
Axillery, with their re{peGive Improvemcms

and the - different Theancs, they have. gwcn,

lee to,

TrE Invenuon of Gunpowdcr is ufually
- afcribed to one Bartholdus Schwartz, a Ger-
man Monk, wbho difcovered ir, as is faid a-
bout the Year 1320, and the firt Ufe of it

in War is commonly fuppofed to have been
by the Venetians againft the Gemvefe about the |
Year 1380 But both thefe Suppofitions. are.
undoubtedly falfe; for a Compoﬁuon refemb-.
ling that, which we eall Powder, is mentioned

by Roger Baron as-well known in his Time,
and he lived near fifty Years before Schwerrz;
and thete are indifpurable Proofs of the Ufle
_of Artillery much earlier than the Year. 1380.

InpEED, ,é.s the Time of the biféomy of |

Saltpetre is confeffedly uncertain, it is not to

be




PREFACE = xavi
be wondred at, that the Invention of Gun.
powder thould be obfcure and unknown ; for
thefe two Difcoveries are fo conne®ed, that it
is difficule to conceive, how the firfk could be
long knawn, before the latter was found out,

Tue diltinguithing Property of Salepetre is
the prodigious Increafe of Inflammability,
which it produces in all burning Subftances,
when mixed with them ; altho’ alone and un-
mixed it will neither flame, nor burn. For -
Inftance, Saltpetre- put into a Crucible, and
placed in the hotteft Fire will only mele, and
grow red hot, but will neither explode: nor
flame; yer, if any inflammable Subftance (Sul-
phur fuppofe, or Coals) ‘be thrown iacwo it,
a violent Blaze will' be inftantly produced, in
which a Part of the Salpetre will be confom-
ed in Proportion to the Quantity of the in-
flammable Subftance, which was put to it.
‘And a like Explofion will take place, if Salt- -
petre be thrown upon any Fire. Now it can-
not be reafonably fuppofed, that this Quality
of Saltpetre ,could be long unknown, after the
Subftance itfel€ was difcovered ; for the acci-
dental drepping of any fmall Parc of it into
the Fire, would prave its prodigious explofive
Powcr when mixed with burning Bodies. And

this
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this being once obferved, it was thence a very
natural -and obvious Thought to inventa Com-
pofition of Saltpetre mixed with any inflam-
able Subftance which would burn more vio-
lently than any known before. And our pre-
prefent Gun-Powder is only the Improvement
and PerfeCtion of fuch a Mixture,

On this Suppoﬁtion then, if we knew the
“Time,when Saltpetre firft came in ufe,we might
give fome guefs, when Mixtures refembling
our prefent Gun-Powder were firft invented.
Now the moft general Opinion on this Head
is, that’ Saltpetre was firft difcovered, either
by the Arabians or the later Greeks about the
middle Ages of our Zra, when Alchymy and
Chymiftry were eagerly purfued by both Na-
tions. For its Arabick Name is faid to be
expreffive of its explofive Quality ; and the
Greek Fires ufed in War by the later Greek
Emperors (if the Effects attributed to them by
many ‘Authors are true) muft have had Salt-
pctrc in their Compofition.

: INDEED fome Moderns (mifled by a Simi-
larity of Names) bave fuppofed Saltpetre or
Nitre_to have been known to the Ancients.

But Chymifts are now agreed, I think, that -
T the
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the Subftance mentioned by fome ancient Wri-
ters, and defcribed by Pliny, by the Appella-
_tion of Nirre, is.a Salt altogether different from
whart we call Salepetre.

Now, that the firft Invention of Gun.
Powder (or of Compofitions refembling it) did
long precede the Time of Schwartz . or of Ba-
con, and may thence be reafonably. fuppofed
nearly coeval with the Knowledge of Salepetre,
.appears from Bacon (a) himfelf; for it is not -2
new Compofition, which he: propofes, but the
Application of an old one to military Pur.
pofes. And from his Words it plainly appears,
- that 8 Mixcure of Saltpetre with. other Sub-

(a) Bacen tells us, that Sound like Thunder, and Light-
nings greater than thofe produced by Nature, might be
made by Art ; and this many Ways, by which a City or
an Army might be deftroy’d ; and he fuppofes it to be by
an Artifice of this Kind, that Gideon dcfeated the Midi-
anites : And baving in another Treatife mentioned almoft
the fame Thing in different Words, he adds,” Et experi-
mentum bujus rei capimus ex hoc ludicro puerdli quod fit in mul-
tis mundi partibus, fcil. ut infirumento f2¢10 ad quantitatem pole
Kcis bumani ex violentia illius falis, qui SAL PETRA voca-
tur, tam borribilis fonus nafcitur in ruptura tam medica rei,
Jeil. modici pergameni, quod fortis tonitrui excedere rugi-
tum, & corrufcationcm maximam fui luminis jubar excedit,
Vid. Dofor febb’s Preface to his Edition of Bacon’s Opus

Majus. . .
ftances
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ftances was then vulgarly ufed for the mak-
ing of recreative Fire-works. And this ap-
pears ‘yet phainer from the Treatife of Mar~
cus Grecus, intitled, Liber ignium (a); for
this Author defcribes two kinds of Fire-works,
one for flying, and the other for making a
Report. ‘The Cafe or Cartouche(Tunica) for the
firt, he dire&s to be madelong and flender, and
the Compofition to be very clofe rammed; the
Cafe for the fecond he orders to be thick and
thort, to be frongly ri¢d at both Ends, and ¢o
be but half filled; and the Compofition he
prefcribes for both'is two Pound of Charcoal,
one Pound of Sulphur, and fix Pound of 8alt-
petre, ‘well powdered and mixed together in
a Stone Mortar ;: And this will be allowed to
. be a ftronger Compofition, than whart great
Quantities of Powder are every Day made
with, " Now tho’ the Age of this Writer is not
- well afcertaine, yet it muft have preceded
the ufe of Artillery; for he does not in any
Place (as I can learn) mention thefe Campo-
ficions as ufed in War; and as he pretends not
to be the Inventor of thefe' Serpents or Crack-
ers (for fuch we fhould now call them) nor
(a) Thisisa Manufcript in the Poffeflion of Dr. Msd ;

but what & here mentioned is quoted by the - Editor of Ba.
eon’s Opus Majus in the Preface.

. fpeaks
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{r eaks of them as recent, we may reafonably
prefume, they were in ufe long before his
Time. .

THe firlt Application of this Mixture to
Military Affairs, feems to have bgen foon af-
ter the Year 1300,  Bacen’s Propofhl (which
_wwas about the Year 1280,) tomake ufe of its
enormous Explofion for the Deftroétion of
Armies ‘might give the firft’ Hine, 'which
others might afterwardi purfue. Schwariz
inftead of being the firft Inventor of Gun-
Powder, might poffibly be one of the firlk,
who thus apply’d it ; and indeed the common
Account of the manner, in which he came ac
his Invention, very much. favours this Opi-
nion {a). - And perhaps the different Improve-
: : . : ments

(&) T he ufual Manrer in which it is told is,that Schwarz
‘having pounded the Materials of Gun-Powder in.a: Mortar,
which he afterwards covered with a Stone, a Spark of Fire
accideatally flew into the Mortar, and the Expldfion blaw
-the Stoae, which <overed the Mortar, to a confiderable Dif-
‘tance. Now we have proved, that Sabarrz, who was a
Chymift, could not difcover the Compofition by this
Meaps, becaufe it was ‘commanly . known bofore ; but he
might:from bence be taught the fimpleft Method of apply.
ing it:in War : For Bacen feems rather to-have ctonceived
the Manher of ufing. it tobe by the achial EHort of the
Flame againft the Bodies it.migtw micet within its.Expan-

- fion,
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ments foon added'by'others,' or the Prolecu.

tion of Bacon’s Thought in different Places,
may have given Rife to the different. Dates
afligned by Hxﬁorlans for the firft ufe of Ar-

txllcry.

GunN-PowbpER for fome Time after the In~

vention of Artillery, was of a Compofition
much weaker (a) than what we now ufe, or
than that ancient one mentioned by Marcus
Grecus; but this, I prcfumc, was owing to
the Weaknefs of their firlt Pieces, rather than
to the,Ignorance of a better Mixture. For
. the firft Pieces’ of Ariillery were of .a very
clumfy; inconvenient Make, being ufually
framed of feveral Piecesof Iron fitted together
lengthways, and then hoop'd with Iron Rings;
and as they were firft employed in throwing
Stone Bullets of a prodigious Weight, in Imi-
tation of the ancient Machines, to which they

‘fion. The Figure and Name of Mortars given to a Spe-
cies of the old Artillery, and their Employment (which
was throwing great Stone Bullets at an Elevmon) very much

corroborate this Con_pe&urc
Vide Tartalea in his Quefiti &‘ Inyentioni, Lib. 3. Quefite

5. where there arg fet down twenty-three different Com-

pofitions made ufe of at different Times. The firft of
which being the moft ancient, contains equal Parts of
“Nitre, Sulpbur, and Charcoal, .

‘ fuc-
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fucceeded, they were of an enormous Bore,
. Bur the Difficulties of conduting and ma-
naging thefe cumbrous Pieces, and the dif-
covering that IronBullets of much lefs Weighe
than Stone ones, would be more efficacious, if
impelled by greater Quantities of ftronger
Powder, foon occafioned an Alweration in
the Matter and Fabric of thefe firft Picces,
and gave Rife to what we ftile Brals Can-
non, which though lighter and more ma-
nageable, were yetmuch ftronger in proportion
to their Bore,. by which Means they would en-
dure great Charges of a better Powder, than -
what had firft been ufed, and their Iron Bul-
lets (which were from forty to fixty Pound
Weight) being impelled with greater Veeloci-
ties were more effeCtual, than the weighticft
Stones could ever prove (4).

: By
.(a) The Time when this Change took Place, and the
Advantages arifing from it, arc mientioned by Guicciardin,
who fpeaking of the French Army intended for the Invafion
of Italy, in the Year 14934, fays,
Et per unirfs con quefto efercito erans flate condotte
per mare a Genoua quantita grande &’ artiglierie da battere
le muraglie, ¢ da ufare in campagna, ma ditale forte, che
giamai non haveva- veduta Ltalia le fimiglianti.  Quefla pefie
trovata molt’ anni innanzi in Germania, fu condotta la prima
wolta in Italia da Vinitiani nella guerra, che circa Tanne

della

C
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By this Means, Powder compounded in
the fame Manner, which is now pradifed by

della falute 1380, hebbono i Genouefi con loro. ¥/
nome delle maggiori era bombarde. {e quali, fparfa dspo
quefla inventione per tutta ltalia Sadoperavaste nell’ sppugna=
tione delle terre, alcune di ferro, aleuni di bronzo, ma grof-
Sifime, in modo che per la machina graude, & per I imperi-
tiade gl buominiy, & mala attitudine de gl inflrumenti tar-
diffimamente & con grandiffima difficultc fi conducevano, pian-
‘tavanfi alle terre con medefimi impedimenti, & piantate era
dall un colpo all’ altro tanto intervalls, che con piccoliffimo
Jrutto a comparatione di quello, che feguito dops, malte
tempo confumavano, donde i defenfori de lueghi  oppugnati
‘havevano [patio di potere otiofamente fore di' dentro ripari &
fortification:. Ma i Franceli fabricando pezzi molti
-pik efpediti, me di altro che di bronzo, i quali chiamavono Can-
nonis. & ufands palle di ferro, dove prima di pietra, & fenfa

comparatiome piu groffe & di pefo graviffimo, 5 ufavano,

8li conducevano fu le carette, tirate (non da buoi, come in Ita-
lia fi coffumava) ma da cavalli con agilita tale dhuomini,
& dinfirumenti deputati a quefto fervigio, che quafi fempre
‘alpari de gleferciti caminavane, &3 condatte alle muraglie erano
piantate con preflezza  incredibile, interponendofi dall un
colpo all’ altro piccoliffimo intervallo di tempo, fi fpeffo, & con
impeto fi gaggliarda percatevans, che quello che prima in
Italia fare in molti giorni fi foleva, da loro in pochiffime bore f
faceva. Vid. Guicciardin’s Hiftory, L. 1. p. 45. What
“this Author obferves of the prodigious Size of the Stone Bul-
lets ufed whilft the old Pieces were in Fafhion, will be bet-
ter underftood by knowing, that when Mabomet the fecond
befieged Conftantinople in the Year 1453, he battered the
Walls with Stone Bullets, and his Pieces were (ome ofthem
of the Calibre of 1200 Pounds; but then they could not
be fired more than four Times a Day. 1
a
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all Europe, came in ufe (4). But thé Change
of the Proportion of the Materials compofing
it, was not the only Improvement it receiv’d.
"The Invention of graining ir; is doubtlefs a
confiderable Advantage to it. For Powder at
firft was always in the Form of fine Meal, fuch
as it was reduced to, by grinding the Materials
together. And it is doubtful, wherher the firft
graining of Powder was intended to increafe
its Strength, or only to render it more conve-
nient for the filling into fmall Charges, and
the charging of fmall Arm¢; to which alone
it was applied for many Years, whilft Meal-
Powder was ftill made ufe of in Cannon. But
at laft the additional Strength, which the
gtain’d Powder was found to acquire from
the free Paflage of the Fire between the Grains,

(a) We learn from Tartalea, that the Cannor Powder
in his Time (palver groffz moderna) was made of four Parts
Saltpetre, one Part Sulphur, and one Part Charcoal, and
the Mufquet Powder of forty-eight Parts Saltpetre, feven
PartsSulphur, and eight Parts Charcoal; or of eighteen
Parts Saltpetre, 2 Parts Sulphur, and three Parts Charcoal.
"Thefe Compofitions for Mufquet Powder are very near
the prefent Standard ; the firft having in one hundred Pounds
of Powder, about one Pound of Saltpetre more than is at
prefent allowed, and the fecond'three Pounds more.

C 2 oc-
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occafioned the Meal-Powder to be entirely laid
afide (a). '

Tue Formation of Artillery hath been very
lictle improved in the laft two hundred Years;
the beft Pieces now caft, not differing greatly
in their Proportions from thofe made in the

"Time of the Emperor Charles V. Indeed light--

er and fhorter Pieces have been often propofed,

(@) T hat Powder was firft ufed in Meal ; and that long
after the Invention of Grammg it for the the Ufe of (mal]
Arms, Cannon-Powder continued in its old Form, are Facts
not to be contefted. Tartalea in his Quefiti, L. 3. Quef.
9. and 10. exprefsly aflerts, that then the Cannon-Powder
was in Meal, and the Mulquet-Powder grained. And our
Countryman #illiam Bourn, in his ART oF SHOOTING
IN GREAT ORDNAUNCE, publithed forty Years after
Tartalea, tells us in Chap, 1, that Serpentine-Powder (which
he oppofes to Corn or Grained- Powder) fhould be as fine as
Sand, and as foft as Flur : And in his third Chapter he
fays, that two Pounds of Corn-Powder will go as far asthree
Pounds of Serpentine-Powder. Alfo Sir Henry Manwayring,
in his SeAMAN’s DicTIONARY prefented to the Duke of
Buckingham in the Time of Charles 1. under the Word
Powder, tells us, there are two Kinds of Powder, the one
Serpentine- Powder, which Powder is Duft (as it were) with-
out corning The other is Corn-Powder., Fhough he
informs us the Serpentine-Powder was not ufed at Sea. Indeed

_ when that Book was wrote, I believe, Powder was ufually

corned, for the foreign Writers on Artillery had long be-
fore recommended its general Ufe,

and -

I
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and effayed ; but, chough they have their Ad-
vantages, and are extremely ufeful in parti-
cular Circumftances, yet it feems now tw be
agreed, that they are aliogether infufficient for
general Service. But though the Proportions
of Artillery have not been much varied within
that Period, yet its Ufe and Application have
undergone confiderable Changes, the fame Ends
being now generally purfued by fmaller Pieces,
than what were formerly thought neceflary-
Thus the Battering-Pieces now univerfally ap-
proved of, are the Demi-Cannons, carrying a
Ball of twenty four Pound weighr, it being
found by Experience, that their Stroke, tho’
lefs violent than that of larger Pieces, is yet
fufficiently adapted to the Strength of the ufu-
al Profiles of Fortification, and that the Faci-
lity of their Carriage and Management, and
“the Ammunition they fpare, give them great
Advantages beyohd the whole Cannons for-
mefly employed in making Breaches. The
Method too (now generally followed) of form-
ing a Breach, by firt cutting off the whole
Wall as low as pofiible, before its upper Part
is artempted to be beat down, feems alfa ta
be a confiderable modern Imhprovement in the .
pra&ical Parc of Artillery. For I do not re-
member to have feen this Procedure recom-

C3 + mended
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mended by any ancient Author; and Gabrie]
Bq/l'a (¢) who boafts much of his great Ex,
perience, exprefsly dire@s the Contrary. “In-
deed Collade mentions it as the Praétice of the
Turks, (b) but it is withour commending i,
or propofing it as an Example to be followed.

Bu T the moft important Improvement in
the practical Management of Artillery (for of
the fcientific Part we fhall treat by its felf) is
the Method of firing with fmall Quantities
of Powder, and elevating the Piece fo that the
Bullet in its Defcent may jult go clear of the Pa-

(a) Vid. His 7)y1rutti¢ne de Bombardieri, printed at Car-
magnola in 1584, Cap, xxxvii, In which Place he orders

the Breach to be begun at the upper Part of the Wall, and -

from thence to be continued downwards.

() Vid. Pratica Manuale di Artegliera dal Mag. Sig-
nor Luigi Collado Hifpano, Bettico, Nebrifenfe, printed at Ve-
nice in the Year 1586, Cap.xx. Where he fays. —— nelle
Jattioni del gran Turco —— fempre fi S adeperano i pezzi
da taghare le muraghe per di fotto di effe tranfuerfalmente, et
ds poi di alto in baffi a perpendicolo, & applicandovi poi tutti a
un tratto i bafili Al ftb:, ¢on che fanno cafear giu quella parte di
muraglia che era gia tagliata. This Book here quoted was

- compofed and publifhed in Jtalian, altho’ the Author was a -

Spaniard.  But he ferved as an Engineer in the Spanifh Ar-
my in Jtal. And he tells us in his Preface, that he foon in-
+tended to re-publith it in Spanifh, which laft Edition is, I pre-
fume, what is quoted by Blondel in his Art de jetter les Bombes,

rapet



PREFACE. Xxkix.

rapet of the Enemy, and drop into their Works,
By this Means the Bullet coming to the
Ground in a fmall Angle, and with a fmall
Velocity, it either bounds or rolls along in the
Dire@ion it was fired in; and therefore, if
the Piece be placed in a Line with the Bat-
tery it is intended to filence, or the Front it is
to {weep, each Shot rakes the whole Length of
that Battery or Front, and has thereby infinitely
more Chance of difabling the Defendents, and
difmounting their Cannon, than it would have, if
it was fired againft the fame Works in the com-
mon Manner. This Difpofition of Artillery,
which isindeed a moft ufeful one, is theIlnvention
of the Marechal de Vauban, and is by him ftiled
Batterie a ricochet (a) and was firft put in
Pradtice at the Siege of Aeth, in the Year
(é) 1692,

ArTER this brief Recital of what has been
done in the mechanic Part of Gunnery, we
muft next mention the different Theories,
which have been from time to time advanced
in relation to the Motions of Shells and Bul-

(a) Vid. his Book De P Attague et la Defence des places.
(&) Vid. The Journal of this Siege printed at thg end

of the laft Edition of Goulow’s Memoires. .
Cs lets;
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lets; in which Inquiry we fhall not indeed
find many Things worthy of Approbation, or
even of Attention; but however, as it is g
Theme in fome Meafure conne@ed with the
Subje@t of the following Treatife, we muﬂ:
beg the Reader’s Indulgence.

. Tug firlt Author I have feen, who has pro.
fefledly written on the Flight of Cannon Shot,
_is Tartalea, a celebrated Italign Mathema.
tician, famous for having invented the Me-
thod of folving cubic Equations, which is ufu-
ally afcribed to Ca#dan. ‘This Author in his
Nova Scientia, printed at Venice in the Year
1537, and afterwards in his Quefiti et Inven-
tioni diverfi, pripted at the fame Place ig
1546, has profefledly difcufled feveral Particu-
lars relating to the Theory of thefe Motions,
And though the then imperfe State of Me-
chanicks furnithed him with very fallacious
Principles to proceed on, yet he was not alto-
gether unfuccefsful in his Inquiries: For he is
fuppofed to be.the firft who afferted that the
greateft Range of Projectiles was at an Eleva.
tion of 45° He likewife determined (éon-
trary to the Opinion of Praitioners) that na
Part of the Track defcribed by a Bullet was a

- right Line, although (he Curvature was in fome -

cafeg
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cafes{o little, as not to be attended to, he com-
paring it to the Surface of the S:za, which
though it appears to be a Plain when partially
confidered, is yet undoubtedly incurvated round
the center of the Earth. He alfo afflumes to
himfelf the Invention of the Gunner's Qua-
drant, and has often given fhrewd Guefles at
the Event of fome untried Methods which
were propofed to him. But as he had never
been converfant in the Practice of Artillery,
but founded his Opinions on Speculation only,
almoft all che Writers who fucceeded him WC;‘B
perpetually carping at him, though often with-
out naming him ; of which many Examplcs
might be given from the Works of Bufie,
Collado, (a) Ufano, Simienowicz, &c. And
the Philofophers of thofe Times often inter-
vening in the Queftions hence arifing, there
were hereby many Difputes on Motion fet on

(0) Collado cap. Ixiii. denies that Tartalea was the In-
ventor of the Gunner’s Quadrant, and quotes Danrel Sant-
bech, or Regiomontanus (for ke confounds them) as having
kgown it many Years before, But the ‘T'ruthis, that Sant-
bgch’s Book from whence his Quotation is taken ( Preble.
matum Afironomicorum & Geometricorum fecliones feptem) Was
not printed till the Year 1561, which was long after Zar-
talea. Nor did Santbech, though he talks of the different
Elevations of Artillery, know the Method of framing a.
Quadrant proper for his Purpofe,

‘ ' foot



xlii  PREFACE

foot (efpecially in Izaly) which continued till
the Time of Galileo, and perhaps gave Rife to
his celebrated - Dialogues on Motion, which
were firlt printed in the Year 1638. And in
this Interval, or before the Doctrine of Galsleo
was eftablithed, many Theories of the Mo«
tions of military Projectiles, and many Tables
of their comparative Ranges at different Ele-
vations were publithed, all of them egregiouf-
ly fallacious, and utterly irreconcileable with
the Motions of .thofe Bodies, although fome of
~ them were the Labours of fuch who had {pent
the greateft Part of their Lives in Employ-
" ments relating to the Artillery. Such were
the Tables of Ufans, of Galeus, of Ulrick,
&ec. taken notice of by Blondel (a). To which
might be added, many more not mentioned
by that Author. Indeed there have been very
few ancient Writers on this Subje@ (and they
are a numerous Sect) who have not indulged
themfelves in fome Speculations on the Differ-
ence betwixt natural, violent, and mixt Mo-
tions, although in the Application of thefe

“ (%) Note, the Opinion difcuffed by Blondel in his Art de
Jetter les Bombes, Cap. v. is not originally of Rivaltius whom
Blondel quotes for it, but of the laft mentioned Santbech, .
from whom Rivaltius ftole it, Vid, Santbech, Set. 6.

miftaken
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miftaken Notions, fcarce any two of them
agreed, ’

Bu T whatis moft ftrange, is, that during
thefe Contefts fo few of thofe, who were in-
trufted with the Charge of Artillery, fhould
think it worth while to examine their refpec-
tive Theories by proper Experiments. However
thus it has happcned, for T do not remember to
‘have met with niore than four Authors, who
"have a&ually tried the Ranges of Shot and Shells
at different Elevations. The firft of thefe is
Collads, who has given us the Ranges of a
Falconer carrying a three Pound Shot to each
Point of the Gunner’s Quadrant.  But from his
Numbers it is manifeft, that the Piece was not
charged with its cuftomary Allotment of Pow-
der (4), The next is our Coyntryman Bourne

in

(4) The Refult of his T'rials was, that the point blank
Shot extended 268 Paces. At an Elevation of one Point
(which is the twelfth Part of the Quadrant or 7°3) the
Range was 594 Paces; at ap Elevation of two Points, the
Range was 794 Paces; at three Points, 954 Paces; at four
Points, 1010 Paces; at five Points, 1040 Paces; and at fix
Points 1053 Paces. The Range at the feyenth Point fell
between thofe of the third and fourth, at the eighth Point
it fell between the Ranges of the fecond and third ; at the

pinth Point it fell between the Ranges of the firft and fc-
cond ;
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in a Treatife printed the next Year after Col-
lado. His Elevations were not regulated by
the Points of the Gunner’s Quadrant, but by
Degrees, and he afcertains the Proportion be-
tween the Ranges at different Elevations, and
the Extent of the Point blank Shot (2). But
he has not informed us, with what Piece he
made his Trials ; tho’ by his Proportions, I pre-
fume, it muft have been a fmall one. It werg
to be withed, that he had fet down this Cir-
cumftance ; for we {hall hereafter thew, that
the Relation between the Extent of different
Ranges will vary extremely, according to the
Velocity and Denfity of the Bullet. The other

cond ; at the tenth Point it fell between the point blank
Diftance and that of the firft Point; and at the eleventh
Point it fell very near the Piece, /id. Cap. Ixi. . And
note, that the Paces ufed by this Author are not geome~
trical Paces, but common Steps, as he informs us Cap. xlii.
(a) If 1 reprefents the Extent of the point blank Shot,
then according to this Author, the Range at 5¢ will be
2%, at 10° it will be 3%, at 15° it will be 43 at 20°is
will be 4%, and the greateft Random will be §i; which
greateft Random, he tells us, in a calm Day is at 42°;
but according to the Strength of the Wind, and as it fa«
vours or oppofes the Flight of the Shot, it may be from
45° to 36°. Vid. His Art of Shooting in great Ordnaunce,
Cep. vil
two,
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“two, which have occurred to me, are Eldred and
LAnderfon, both Englifbmen ; the laft of thefe
having vitiated his Experiments by his too

great Attachment to an erroneous Theory, I
fhall have Occafion to mention him hereafier.
But Eldred "(a) deferves a better Character ;
his Principles were fufliciently fimple, and tho’
not rizoroufly true, they were, within certain
Limits, néar the Truth. He has given us the

a@ual Ranges of different Pieces of Artillery at
fmall Elevations, all under ten Degrees. His

Experiments are numerous, and appear to be

made with great Care and Caution ; and he has
honeftly fec down fome, which were not re-

concileable to his Method; and upon the whole
feems to have taken more Pains, and to have
had a jufter Knowledge of his Bufinefs, than is

to be found in many of his practical Brethren.
For they have been generally too much attach’d
to fome incorre&t Theory, or to the common

Ufage which they have always followed, to

think of extending their Art by proper Expe-

(2) His Book is intitled THE GUNNER’s GLASSE, and
the Experiments he relates were moft of them made at Dover -
Cafil:, of which Place he was many Years Mafter-Gunner.
The earlieft Date I find to any of his Experiments is 161 I,
but his Book was not publifhed till 1646.

l'lmCﬂ(S,
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riments; or indeed to conceive, that it was nor
already compleat; it would otherwife have been
impoffible, that Pofitions fo litle to be reconciled
with Experience, fhould have held their Ground
fo long as they have done, a remarkable Inftance
of which, is the Do&rine which has taken
Place in this Subje&, fince the Time of Galileo,

GaLineo printed his Dialogues on Motion:
in the Year 1638, as we have already obferved ;
and in thefe he has pointed out the general Laws
obferved by Nature in the Production and Com-
pofition of Motion, and was the firft, who de-
fcribed the A&ion and Effe@s of Gravity on
falling Bodies ; and on thefe Principles he de-
termined, that the Flight of a Cannhon-Shor,
or of any other Projectile, would be in the
Curve of a Parabola, unlefs fo far as it were
diverted from that Track by the Refiftance
of the Air. And what Inequalities would
thence arife, he has propofed the Medns of
. examining ; for he has defcribed a Method of
difcovering what fenfible Effe@s that Refift-
ance would produce in the Motion of a Bul-
let at fome given Diftance from the Piece.

WHEN Galileo had thus thewn, that, inde-

pendent of thc Refiftance of the Air, all Pro-
| jectiles
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je&iles would in their Flight defcribe the Curve
of a Parabola, it might have been expe&ed that
thofe who came after him, would have tried how
far the real Motions of Projetiles deviated from
a parabolic Track, in order thence o have de-
cided whether the Refiltance of the Air was,
or was nor, neceflary to be attended to in the
Determinations of Gunnery. But inftead of
this cautious Procedure, the fuafequent Wri-
ters on Gunnery heve boldly afferted (without
an experimental Examination) that no confi-
derable Variation could arife from the Refift-
ance of the Air, in the Flight of Shells or
Cannon-Shot, fupporting themfelves in this
Perfuafion chiefly by the Confideration of the
extreme Rarity of the Air, compared with
the denfe and ponderous Compofition of thofe
proje¢ted Bodies. And hence (this Maxim
of the inconfiderable Effe&s of the Air’s Re-
fiftance to the Motion of Shells and Bullets,
being continually repeated and copied by fuc-
ceeding Authors,) it is now become an Axi-
om almoft generally acquiefced in, that the
Flight of thefe Bodies is nearly in the Curve:
of a Parabola.

For in the Year 16}4, our Countryman An-

derfon publifhed his Treatife of the genuine Ufe
and
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and Effetts of the Gun. 1In which he proceeds
on the Principles of Galiles, and ﬁrcnuouﬂy
afferts the Flight of all Bullets to be in the
Curve of a Parabola ; undertaking to anfwer
all Objections, that could be urged to the con-
trary. And in the Year 1683, Monfieur B/on-
del publithed at Paris, L'Adrt de jetter les
Bombes, where the Do&rine of Galileo is like-
wife applied to the Motion of Shells and Bul-
lets of all kinds, and the Variations of this
Do@rine which can arife from the Refiftance
of the Air, are particularly mentioned; and
after a long Difcuflion the Author concludes,
that they will be fo very minute as fcarcely to
affet the Accuracy of his Conclufions (a).
Alfo, the fame Subject is treated of in our Phi-
lofophical Tranfaions (5) by Dr. Hally, who,
fwayed by the Confideration of the very great
Difproportion between the Denfity of Bullets
and of the Air, thinks it reafonable to believe, that
the Oppofition of the Air to large Metal Shot
is fcarcely difcernable, although in fmall and
light Shot he acknowledges, that it ought and
muft be accounted for.

In confequence then of thefe Opmxons a-
bout the inconfiderable Effects of the Air’s Re-

" (a) Vid. Page 345.. of the firft Quarto Edition at the
Bottom, alfo Page 355. and following. .
(¥) Vid. No 216, p. 68, , fiftance
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filtance on heavy Shot, and the Demonftrations
of Galileo, that all Projeiles moved in the
Curve of a Parabola, if they were not difturb-
ed by that Refiftance, it is now an Opinion ge-
nerally advanced by the Writers on the Theory,
of Gunnery, that the Flight of Shot and Shells
36 nearly in the Curve of a Parabola ; for the
‘T'ruth of which, we may appeal to the pro-
fefled Authors on this Subje&, who have wrote
within the laft forty Years.

-~ BuT though this Hypothefis went fmoothly
on with thofe, who contented themfelves with
Speculation only ; yst Anderfon, who made a
great Number of Trials, found it impofiible
to {upport it without fome new Modification,
For though it does not appear, that he ever
examined the comparative Ranges of either
Cannon or Mufquet Shot when fired with their
ufual Velocities ; yet his Experiments on the
Ranges of Shells thrown with {mall Velocities
(in refpe of thofe laft mentioned) convinced
him, that their whole Track was not Parabo-
lical, as appears by his Treatife, intituled, 7o
bit @ Mark, publithed in the Year 16go. But -
inftead of making the proper Inferences from
hence, and difcovering the Refiftance of the
Air to be of confiderable Efficacy, he from his
great Attachment to his firft Opinions framed
- D a
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a new Hypothefis, which was, that the Shell
or Bullet at its firft Difcharge, flew a certain
Diftance in a right Line, from the End of
which Line only it began to bend into a Para-
bola, And this right Line which he calls the
Line of the Impulfe of the Fire, he fuppofes
to be the fame in all Elevations. By this Hy-
pothefis (though an indefenfible one) it was al-
ways in his Power, by affigning a proper Mag-
nitude to this Line of Impulfe, to reconcile a-
ny two Shot made at different Angles, how-
cver oppofite they might prove to the. com-
mon Principles. But even this new-modelled
Theory, was nor, I believe, confirmed by
his following Experiments ; for he has no
‘where ventured to give usExpériments of three
Ranges made at three different Elevations, with
the fame Quantity of Powder; as finding,
I prefume, that though by this Scheme he
could reconcile two jarring Ranges, the Irregu~.
larities of three were infurmountable. And,
if fuch Inequalities were produced by the Re-
- fiftance of the Air in the Motion of a Shell,
impelled from a Mortar by an inconfiderable
Quantity of Powder, what may not the Acti-
on of the Air be fuppofed to effe@t in the Mo-
tions of Bullets, which being impelled by a
full Charge of Powder throuzh a much longer

Cylinder, move perhaps three or four Times
: as

-—
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as faft, and confequently undergo near fifty
‘Times the Refiftance, as will be more particu«
larly evinced hereafier.

THu AT the Refiftance of the Air, which
alts with fuch prodigious Power on all fwifs
Bodies, thould be entitely unattended to by the
Pradtitioners in Gunnery, is not the only re-
markable Circumftance which oceurs in this
Enquiry ; for after the Publication of Sir Iaac
Newton's Philofophie Naturalis Principia Ma-
thematica, it might have been expe@ted, thag
all Mathematicians fhould have been convinced
of its Energy, fince in that immortal Work
the Law and Quantity of this Refiftanece to
flow Motions is determined, and confirmed by
many Experiments. Indeed the fame Law
when extended to fwift Motions will be defec-
tive, and will exhibit the Refiftance greatly
thore of what it really comes out by Experi-
ment, (of which Sir Ifaac Newton himfelf has
given us (@) warning ;) yet even upon his Prin-
ciples it would appear, that the A&ion of the
Air on Bullets is by far too confiderable to be
neglected. But notwithftanding this obvious
Proof of the Neceffity of confidering the A&i--
on of the Air on military Projectiles, 1 can re~
colle&t but one Inftance, where any Computa-

(4} Vid. Phil, Nat. Prin. Math. p. 3511 17.
- D 2 tions
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tions founded on Sir Ifaac Newtcn'’s Doétrine,
have been applied to thefe Motions (a).

To fum up now at once all we here intend
to obferve on this Head. It appears, that the
modern Writers on the Art of Gunnery have
been very much deceived, in fuppofing the Re-
fiftance of the Air to be inconfiderable, and
thence afferting, that the Track of Shot and
Shells of all kinds is nearly in the Curve of 2
Parabola. That by this Means it has happen-

~ed, that all their Determinations about the

Flight of Shor difcharged with confiderable
Degrees of Celerity are extreamly erroneous,
and confequently that the prefent Theory of
Gunnery in this its moft important Branch is
ufelefs and fallacious. '

Now to obviate in fome degree thefe Im-
perfections in this Art, we have undertaken in
the fecond Chapter of the enfuing Treatife,
not ‘only to confirm what we have here af-
ferted relating to the Falfity of the parabo-
lic Motion of thefe Projeciles, but likewife
to afcertain the actual Degree of Refiftance,
which every Shot undergoes according to the
Velocity with which it moves ; whence, as the

(k) Vid comm. A :ad. Petrop. Tom, 2. p. 333- 339
Ves
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Velocity with which the Bullet iflues from
the Piece is eafily known by the Principles
delivered in the firft Chapter, the Delineation
of the Track pafled through by the Bullet
hereby becomes a geometrical Problem, which
indeed in its utmoft extent is of- a very com-
plicate and operofe Kind ; but in the Inftances
which are moft frequent in pradtice, it ad-
mits of fome very eafy Approximations, which
enable us readily to compare the altual Ranges
of Bullets with the Refult of this Theory.

Anp though fuch as examine the follow-
ing Treatife with Atention, will not, I be-
lieve, entertain many Doubts of the Certainty
of the Determinations thercin contained; yet
it might have been expected perhaps, that
the Accuracy of thofe Principles thould have
been ftill more irrefragably eftablithed by Ex-
periments on the real Ranges of Pieces, com-
pared with Computations founded on this
Theory. And, indeed, I did once intend to.
have added a Chapter with this view; but
two Reafons have diverted me from this De-
fign. The firft was, the Difficulty I found in
afcertaining the extended Ranges; a Difficulty
which none but thofe who thall attempt Ex-
periments of the fame Kind, can be judges of,

‘The fecond Reafon was an Irregularity which

, in-
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intervened in thefe Ranges, and which ren.
dered all my Endeavours fruitles; for the
fame Piece at the fame Elevation would con
vey the Bullet to very diftant Places, fo thae
no two Trials agreed with each other, as I
have more particularly recited in the 7th
Propofition of the 2d Chapter, T

Bu notwithftanding thefe Difficulties, which
have hindered me from inferting in the fols
lowing Treatife fuch Experiments on the
Ranges of Shor, as might corroborate the
Theory of Refiftance there delivered, I have
yet refolved to purfue this Subject; and I flats
ter myfelf, that I have invented a Method of
preventing the laft-mentioned Inequality from
taking Place, which unlefs it can be done, it
is fufficiently obvious, how fruitlefs all Experi<
ments of this-kind muft prove. The Refule
of my future Trials on this Head, I intend for
a fecond Part to this Treatife, in which, be-
fides thefe Experiments on the Track de-
fcribed by the Flight of Bullets, and the ne-
ceflary geometrical Determinations with which
they muft be compared, I propofe to infert
many other Experiments, which though of a
mifcellaneous Nature, are yet all of them con-
ne@ed in fome degree wicth the Theory or

Pra&tice - of Gunnery. I fhall alfo annex to
this
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this fecond Part many Maxims and practical
Precepts, which will arife from the preced-
ing Principles, and will, I hope, be of fome
Confequence in the future Management of
Artillery. A confiderable Part of this fecond
‘Work I hayve already by me, as likewife an
Apparatus purpolely intended for compleating
it. But thofe Experiments which are yet
wanting, will require great Leifure and a pro-
per Scafon to execute.

As the following Sheets, befides the Deter—
mination of the Quantity of the Air’s Refift-
ance, do likewife contain the Theory of the
Force and A&ion of Powder; it may perhaps
be expected, that I (hould give fome Account
of what preceding Authors have advanced on
this Subject.  Bur all, I have ever met with on
this Head, hath been fo vague and indiftin&,
that it is often difficult to determine the true
Meaning of the Writer. The molt intelligible
Hypothefis on this Head, and what feems indeed
to have been the Original of all the others, is
that of Monfieur de Ja Hire.

IN the Hiftory of the French Academy for
the Year 1702, Monfieur de Ja Hire has fup-
pofcd, that the Force of Powder may be ow-
ing to the i increa: ed Elafticity of the Air con-

tained



& PREFACE.

" tained in, and between the Grains, in confe-
quence of the Heat and Fire produced at the
Time of the Explofion. Now, if this Air, to -
whofe augmented Spring the Violence of Gun- -
powder is imputed, be in its natural State, at
the Time when the Powder is fired (and fure-
ly what is in the Intervals of the Grains muft
be -allowed to be fo) the greateft Addition its
Elafticity could acquire from the Flame of
the Explofion, would not amount to five times
its ufual Quantity, as we fhall more particu-
larly evince hereafter (¢); that is, it would
not fuffice for the two hundredth Part of the
Effort, which we have found to be exerted
by fired Powder.

HoweveR, this Hypothefis hath given rife
to many Diflercations and Treatifes in a neigh--
bouring Nation, and one Author in particu-
lar conceives he has made a very reafonable
Poftulate, in fuppofing the Elafticity of the
Air, when heated by the Explofion of the Pow-
der, to be only an hundred Times greater
than when it is heated to the Degree of boil-
ing Water. But as [ think I have thewn
the Impoflibility of accounting for the actual
Force of Power on thefe Principles, I will not
detain the Reader any longer with a particular

. (@) Vid. Prop. V. Cap. 1.of the following Treatife.
. Re<
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Recital of the Speculations of thefe different
Wiriters ; efpecially, as I flatter myfelf, thatl
have eftablithed that ‘Theory of the Force of
Powder, which is contained in the following
Sheets, by fuch decifive Experiments, as will
render a formal Confutation of any other Opi-
nion unneceflary,

ERRATA.
AGE 28.line3. for LM read L N.
Pag 32. lin. 6. Put a full Point after Velocity, anderafe
that after indeed. -

Pag. 33. lin. 3 and 4, for fenfibly, read {enfible.
Pag. 36. lin. the laf, for D 2z read D.
Pag. 42. lin. 8. after Length add and Weight,
Pag. g3. lin, 2. for two read too.
Pagl. 6z. lin. 33. for of read for. Alfs lin. 35. for clear read

ean.
Pag. 63. lin, zo. for by read from. '
Pag. 72. lin. 5. erafe it.
Pag. 93. lin. 519. Jor rotary read rotatory. gdﬁf %4 .

E CHAP,






Of the Force of szpowdér.

PROPOSITION I
‘Gunpowder, fired either in ¢Vacuum or indsr, .
%az{zf{ces by its Explofion a permanent elaftic-
uia., - ‘ ‘ : )

Sl F a red hot Iron be included in a Re<
ceiver,: and the Receiver be exhauf- -
ted, and Gunpowder be then let fall
on the Iron, the Powder will take
-Fire, and the mercurial Gage will
) fuddenly .defcend upon the Ex-
plofion ; and, tho’ it immediately afcends again,
yeritwill never rife to the Heightit firft ftood at; -but
will continue deprefled by a Space proportioned to the
Quantity of ‘Gunpowder, which was let fall on the
Iron. This is'a well known Experiment, and is
circumftantially defcribed by Mr. Haukfbee, in the
Plilsfopbical Tranfadtions, ‘No. 2953 in which
Place he tells us, that he by this means (firing fmait
Quantities* at 2 Time) Br‘educcd the Gage from
Lot ‘ 293




A
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29 Inchesto 12 3. Now this Experiment, which: has.
bcgn often. rcpcau:d proves the Propofition with re-.
fpc& to the Prodution of a permanent elaftic Flu-
“id in a Facuum; for the Defcent of the. Gagc could
only be effected by the Preflure of fome new gene.. .
rated Fluid in the Recciver, ballancing in Part the
Preffure of the external Air.. That this. Fluid or
fome Part of it at leaft was permanent, appears=
- from what Mr. Haukfbee relates’ in the fame Place,
that tho’ the Quickfilver afcended after the Qpera-
tion, yet it next Day had afcended no higher thang
to 221, at which Place it feemed to continue fix’d. |
And, that this Fluid is elaftic, is proved from thc
Defccnt of the mercur:al Gage, fince the annucy
of Matter contained in this Fluid,  could not by its
Gravity alone have funk the Quickfilver by the Jeaft
fenfible Quantity ; allo from its extending 1tfclf
through any Space however great ; the Expcnmcnt
fucceeding in cither a- large or fmall Receiver, only
the larger the Receiver the lefs will be the Defcent.:
of the. mercurial Gage to the fame Quantity of
Powder ; the Preffure of the generated Fluid di-
minifhing as its Denfity diminifhes, ~
. The fame Production likewife takes Place,’ when
Gunpowder is fired in the Axr, * for if a fmall
Quantity of Powder be placed in the;upper Part’ of |
a glafs Tube, and the lower Part of . the Tube -be |
immerged in Water, and the Water be made to
rife fo near the Top, that only a.fmall Portion of
~ Air is left in ¢hat Part where the Gunpowder is
placed ; if . in this Situation the Communication of
the upper Part of the Tube with the external Air
be clofed, and the Gunpowder be fired (which may
eafily be done by a Burning-glas) the Water
will in this Experiment defcend on the Explofion, -
- as the Quickfilver did in the laft, and will’ alwayse.

*vid, Ha_xm{c Phy{, Mechan, Exper, nge 1.
continue
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continue deprefled below the Place, at which it flood
beforc the Explofion, and the Quantity of this De-
preflion will be greater, if the Quantity of Pow-
dér be increafed, or the Diameter of the Tube be
diminjthed. From whence it is proved, ‘that as well
i> Air asina Pacuum, the Explofion of fired Powder
produces a permanent elaftic Fluid, :

. _SCHOLIUM

" Tt has been known ever fince the Time of Mr.
Beyle, that many Subftances, in Fermentation and
other chymical Operations, produce elattic .Fly-
ids. analogous in fome of their Effe@s to the com..
men Air. - It is likewife known, that other Mix-
tures will in many Cafes abforb a Part of the Air

contiguous to them in particular, .it is obferved, . -

that all burning Bodies and all fulphureous Fumes-
deftroy great Quantitiesof Air, either by abforbing
it into their own Subftance, or at leaft by depriving
it of its Elafticity. This Creation and Confump-
tion of Air 'in chymical Procefles has begn Iately

molt diligently and fuccefsfully examined by the -

Reverend Mr. Hales in his Vegetable Statics. And:
onthefe Principles. it follows, that in the laft Ex.
Ezrrimmt the fulphureous Fumes arifing from the

urning of the Charcoal apd Brimftone contained in
the Powder muft foon abforb fome of the Air, in
-which the Powder is fired; for which Reafon
it s necefary, that the Bulk of the Air, which the
Powder is placed in, before it is fired, fhould bear as
fmall a Proportion as poffible to the Quantity of
Powder, fo that the Succefs of the Experiment
may .not: be difturbed by the abforbed Air, ap-
proaching to an Equality with the generated Fluid.

- There is befides anotherReafon, that,whenPowder

is fired in the ivanner of the laft Experiment, the

Bulk of theAir, inwhich it is placed,thould be aslictle
as poffible; which is, that the Eire at.the inflant of
RV Bz ‘the

= !
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the Expl fion will greadly ‘angmiént the Elafticity of
Yhat Air, : nd the Preffure arifing from this increafed.
Elatticity,  biing added to the Force of the gene-
tlated Fluid, will endanger the burfting of the Tube,

v - PROP IL
To explain more particularly the Circumflances
attending the Explofionof Gunpowder, either
ina Vacuum or inAdir, when firedin the Man-
; mer deferibed in. the Experiments of the laft
-. Propofition. : o '
WH E N any confiderable Quantity of Gune
“powder ‘is.fired in an exhaufted Receiver,
by being let falkoh a red het Iron; the mercurial
Gage inftantly' defcends upon the Explofion, and as
fuddenly afcends again 5 and aftera few Vibrations,
none of which except the firft are of any great Ex--
tent, it feemingly fixes at a Place lower than where .
it ftood béfore the Explofion,! and this ftationary
Pdint is, what we have always attended to in our Ex-*
periments.  But even,’ when the Gage has acquired
this Point of apparent Repofe, it fill continues’
rifing for a confidérable Time, altho’ by fuch im--
perceptible Degrees, that it-can only be difcovered-
by comparing together its Place at diftant Intervals ;-
however, it will not always continueto afcend, but
will rife {lower and flower, till at laft it will be abfo--
lutely fixed at a2 Point lower than where the Mer-:
cury ftood before the Explofion. = - P T
. The fame Circumftances nearly happen, when'
Powdet s fired in the upper Part of "an unexhaufted :
Tube, ‘whofe lower Partis immerged in Water.
Now thefe Appearances all arife from the different;
Maodifications, - which the Fluid produced from the
Explofion undergoes.” The firft- fudden Defcent of -
ghe Mercury is effe&ted by the A¢tion of that Fluid, :
while in the Form of Flame, When the Flame is.
R ‘ s extinguifhed,

o,
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.extinguithed, and confequently the Heat of the Flu-
‘id is diminifhed, " its Elafticity is likewife diminifh«
ed; and this being effeted in a very fhort Time,
occafions the fudden Rife of the Mercury after the
firft Defcent. When the Fluid is reduced to the
Temperature of thecontaining Receiver, its Elafbi-
city is then more fixed and invariable ; and this muft
ufually happen by the Time the Mercurial Gage
firft appears to be ftationary. The fubfequent. flow
Afcent of the Mercury is partly owing to. the De-
. creafe of the Heat of the Receiver, occafioned by
the cooling of the hot Iron contained init; but
much more to the A&ion of the fulphureous Fumes
.of the Brimftone and Charcoal, which abforba Pirc
of the generated Fluid, and thereby diminifH its.
Preflure on the Gage. St

. 1 PN ]

S€EROLIUM 2

. \ . J . o
. Inthe following Propofitions wefhall irrefragably
demontrate, that the Force of fired Gunpowser is ro-
-thing more than the Preflure of the Fluid, whichiis
. - generated in the preceeding Experimentsy:-ang that
+this Fluid in its Action abfervesthe fame Laws.wath
- other elaftic Fluids, particularly theAir 3 fo-that what-
.ever Power is produced by :the- firing of ‘a - given
" Quaatity of Gunpowder, the:{fame would be exerted
. by - fubftituting in- its ftead a Quantity, of Air equal
to the Fluid generated in the. Explofion, provided
that Air be included in the fame Space, and be heated
to the fame Degrce, as the other Fluid is, at the In-
ftant of its firing. Mr. Hales has concluded, that
the Weight of the factitious elaftic Fluids produced
from chymical Procefles isthe fame with that of com-
mon Air ; he having tried that produced from Tar-
ar with great Exacinefs. He has found too, that
they expand with Heat, and contract with Cold, and
that with the fame Preflure they are condenfed in the.
‘ B3 fame



fame Degree with common Air. And that, when
- they are cleared of their fulptureous Fumes, which
. is done by making them pals through Water, they
- will then continue for many Months, nay.Years,
« without lofing any confiderable Part of their Eiafti-
city. And from thefe ang other Circumitaices he
doubts not to affert, that thefe Fluids are true per-
‘manent Air. Now if this befuppofed of all, or arvy
- of the elaftic Fluids produced by Diftillation, Burn-
- ing, &c, itmuft be preferably allowed to be irue of
- that Fluid, which is generated in the Explofion of
Gunpowder ; fince it is from Saltpetre alone, that
this Fluid feems to be derived (for neither the Brim-
ftone nor the Charcoal yield it, when fired by them-
felves) and Saltpetre is known to be a Subftance im-
_ bibed from the Air by Earth ; for the fame Parce}
.of Earth by being properly expofed to the Air will
" furnifh Saltpetre over and o.: r again for ever. How-
- ever, tho’ it be highly reafonable to fuppofe, ' that
" the elaftic Fluid arifing from the firing of Powder, is
: }genuine and permanent Air; yet the Truth or Falf-
o0od of this Suppofition no ways affes the Certain-
"ty of our Conclufions. It is fufficient for our Pur-
‘pofe, that it is an elaftic Fluid 5 whether it be Air or
- another Compofition' our Reafoning will be ftill the
“famie, fince it is by Experiments on this Fluid itfelf,
and not by obfcure Speculations on its Nature and
Qualities, that our future Deductions relating to it
Force and Aé&ion are confirmed. o
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. The Elaflicity or Preffure of the Fluid produced
by the firing of Gunpowder, is czteris paribus.
diredly as its Dedfity. -

—H | S follows from hence, that, if in the fame
Receiver: a double Quantity of Powder be let

,  fall, the Mercury will fubfide twice as much as
in the firing of a fingle Quantity. For the Vapour pro-

‘duced from che doubleQuantity. being contained inthe

fameReceiver witl beof double the D.:nlity of chatpreo-
duced from the fingleQuantity 3 whence the Elatticity
or Preflure eftimated by-the Dcfoent af the Mercgry
being likewife double, the Preflure is directly as its

:Denfity. AlfotheDefcents of theMercury, wien equal

“Quaatities of Powder are fired in different Recejvers,

are reciprocaily as the Capacities of thole Receivers's,

‘and confequently as the Denfity of the produced

- Fluid in each. . '

"~ But as in the ufual Method of trying this Experi-
ment, the Quantities of Powdes arc fo very. tmall,

¢hat it is difficult to afcertain thefe Proportions to a

sequifite Degree of Exaétnels, I took a large Recei-

‘ver conjaining: about 520 Inches, and leting fall

at once on the red hot fron, Dram or the & of an
Ougce Avoirdupoife of Powder (the Receiver being
firlt nearly- exhaufted,) the Mercury after the Ex-
plofion was fubfided 2 Inches exadtly, and all the
‘Powder had taken Fire. 'Then heating the Iron a
fecond Time, and exhaufting it as before, 2 Drams
were let down at once, which funk the Mercury 3%
and a fmall Part of the Powder had fallen befide the
Iron, which (the Bottom of the Receiver being wet)
did not firg, and the Quantity, that thus efcaped, did

appear to be nearly fufficient, had it fallen on the
Bgs Iron,

-



Tron, to have funk theMercury : Partof an Inch more ;
in which Cafe the two Defcents, viz. 2 Inches, and
- 4 Inches, would have been accurately in the Propor-
“tian of the refpective Quantities of Powder; from
‘which Proportion, as it was, they very little varied.
Hence then it appears, that the Elafticity of - the
- Vapour produced by Gunpowder in its Explofion,
is directly as its Denfity. :

PR OP 1V,

Ty deterniine the Elaficity, and Quantity of this
elafiic Fluid, producedfrom the Explofion of @
given Quantity of Gunpowder. :

S different Kinds of Gunpowder produce dif.
. ferent Quantities of this Fluid in Proportion
to their different Degrees of Goodnels, before
any definiteDetermination of this kind can takePlace it
is neceffary toafcertain the particular Species of Pow-
der thatis propofedtobeufed ; and thereforel fhall in
. every Examination and Pofition relating to.this Sub-
ject fuppofe the Powder in Queftion to be of the
fame fort with what is made for the Ulfe of the Go-
vernment ; that being by Contraé to confift of a
known and invariable Proportion of Materials; and
is therefore much properer for a Standard, than
what is compounded according to the arbitrary Fan-
cy of the Artift. _

This being fettled, we muft further premife thefe
two Priociples, which we have already mentioned
in the Scholium to Prop I, the firft, that the Elafti-
city of this Fluid increafes by Heat, and dimi-
nifhes by Cold, in the fame Mannet: as thatof the
Air; the fecondy, that the Denfity of this Fluid
and confequenty i Weight is !t_he fame usi

A .
I3

‘Weight of an equal Bulk of3Air ;) Hawin
Elatticity, and the fame aALure,
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- Now from the Experiment recited in the  faft Pro-
pofition, it appears that % of anOunce Avoirdupoife or
about 27 Grains Troy, of Powder, funk the Gage
on its Explofion 2 Inches ; and the Mcrcury in the
Barometer ftanding at near-30 Inches, X of an
‘Ounce Avoirdupoife, or 410 Grains Troy, would
-have filled the Receiver with a Fluid, whofe Elafti-
city would havebeen equal to the whole Preffure
‘of the Atmofphere, or the fame with the Elaflicity
of the Air we breathe; and the Content of the
“Receiver being about 520 cubic Inches, it follows,
that ’$ of an Ounce of Powder will produce 520
cubic' Inches of a Fluid, pofleffing the fame De-
gree of Elafticity with common Air; whence an
‘Ounce of Powder will produce near 575 cubic
-Inches of fuch a Fluid. _
But in order to afcertain the Denfity of this Fluid
we muft confider; what Part of its Elatticity-ac the:
time of this D':termination was owing to theHeat it re-
-@eived from the included hot Ironand the warm Re-
-ceiver. Now the general Heat of the Receiver being
manifeftly lefs than that of boiling-Water, which is
-known to increafe the Elatticity of theAlI’, fomewhat
‘more than ! of its augmented Quantity, I collet from
hence and other Circumftances, that the Augmentation
of Elafticity arifing from this Caufe was about the
2 of the whole, that is, if the Fluid arifing from the
Explofion had been reduced to the Temperatue of
the external Air, the Defcent of the Mercurial Gage
inftead of 2 Inches would have been only 1} Inch; -
whence 575, reduced in the Proportion of 5 to 4, be-
comes 4690, and this laft Number reprefents the cubic
Inches of an elaftic Fluid equal in Denfity and Elaftia
city with common Air, which are produced from the
Explofion of 1 Ounce Avoirduporfe of Gunpowder,
the Weight of which Quantity ot Flnid accordingto
thc ufua]}:.ﬁxmanon of ttherghr otAxr is 1 31 Grains;

"whence
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whence the WElghb of this Fluid is ¥ or  nearly
of the Weight of the generating Po wder.

If the Ratio of the Bulk of the Gunpawder to
the Bulk of this Fluid be wanted, this wil be dé-
termined by knowing, that 1 Ounce 1 Dram, or 17
Drams Avoxrdupox? of Powder, - fill 2 cubic
Inches, if the Powder be well fhook together';
wherefore augmenting the Number Jaft found in the
PrOpornon of 16to 17, the refulting Term 488{
is the Number of cabic Inches of an elattic Fluid,
equal in Denfity with the Air produced from 2 cu-
bic Inches of Powder; waience the Ratio of the
tefpective Bulks of the Powder, and the Flyid pro-
duced from it, is in round Numbcrs 110 244,

And iarthcr to confirm this Detcrmmanon, 1
fired the Quanury of a Dram of Powder four times
fucceffively, in an exhaufted Receiver by a Burning-
glafs; the Capacity of this Receiver was 470 cubic
_Inches, - The_?e Experiments were more troublefome
than thofe, in which it was fired by a hot Iron, be-
caufe it was fometimes long before it would fire; in
which Interval the Air would often infinuate- itfelf,
and thereby difturb the Meafures of the Defcent and
befides, near  Part of -the Powder was ufually dllI':'-
pated unfired by the Blaft : 'However, by collecting
the Grains that, were thus {cattered, and weighing
them, and increafing the Defcent by a proportiona} .
Q_uanuty, the Subfiding of the Mercury, correfpond--
lng to one Dram of Powder, was the firft time

1 - Inches, the fecond time 1, 8 — Inches, the
thlrd time 2, 1 —, and the fourth time 1, 8 5
Inches, orat a Medium 1, 9 6 Inches ; ; and thi,
dxmmxihed in the. Ratio of 5§20 t0 470, becomes
1, 77 for the Defcent to a like Quantity in the firft
Receiver. . Now the Deducion to be made on Ace
count of the Heat of the Receiver was but little in
thefe Experiments ; for, by including a fmall Thers

_mpmqtcr, ] found tﬁat the Fluid within the Re-
ceiver

o m—a—
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- ‘ceiver-was not hotter after the Blaft than that of the
Summer Air; whence, if the Defcent 1, 77 be re
- duced in the Ratio of 13 to 12, which is nearly
shat of the Elatticity of hot Summer Air to tempe-
rate Air, it becomes 1,63 nearly, which diﬂ[:h
Jircle from 1}, or 1, 6; which is, what we found it
to be in the preceding Experiment: Whence the
:Proportion between the refpeétive Bulks of the Pow-
,der, and the Fluid produced from it, may be ftil]
- affumed to be that of 1 to 244. '
. And this. Ratio agrees very-well with the Expe-
-riment recited by Mr. Haukfbee in his Phyfico- Me-.
~chanic Experiments; p: 81 ; for he there found, thm
one Grain of Powder produced when fired in the
«Air, a cubic Inch of elaftic Fluid, which, fuppo-
ding the Denfity of Powder to be what we have
here affigned, gives the ‘Ratio of their refpe@ive
ABulks to be that of 1 to 232 ; a Difference, from
“-what we have afligned above, that may eafily arife
from the Difference of the Powder only. Whence
we may conclude, that the Prefence of a greater or
Jéfs Quantity of Air does-not affect the Produ&ion
of this Fluid ; fince, by comparing Mr. Haukfbee's
:Experiment with our own, it appears, that the fame
Quantity of this Fluid is generated in a Vacuum ag

" in the Air. . : ,
If this Fluid, inftead of expanding, when the
Powder was fired, had been confined in the fame
‘Space, which the Powder filled before. the Expla-
fion; then (its Elatticity having been fhewn to be
as its Denfity) it-would have had, in that confined
State, ‘a' Degree of Elafticity - 244 times greater
"than that of common Air; and this independent of
‘the great Augmentation this Elafticity would re-
ceive’ from the Action of the Fire in that inftant, |
- Hence then we are certain, that any Quantity of
Powder fired in any confined Space, which it ade-
«quately fills, cxerts at the Inftant of its Eprﬁq{l;

. again

¥
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againt the Sides of theVeflel containing it, and'the
Bodies it impells before it, a Force at leaft 244
times greater than the Elafticity of common Air, -
or, which is the fame thing, than the Preffure of the
‘Atmofphere 5 and this without confidering the great
‘Addicion which this Force will receive from the
violent Degree of Heat, with which it is endued at
that Time; the Quantity of which Augmentation is
the next Head of our Enquiry.

) .~ PROP V. ,
T, determine bow much the Elaflicity of the

Air i augmented, when beated to the ex-
 tremeft Heat of red-hot Iron.

41O fix this Point, I took a Piece of a Mufket-
barrel, about fix Inches in Length, and or-

der'd one End to be clofed up entirely, but the
other End was drawn out conically, and finifhed in
an Aperture of about ; of an Inch in Diameter,
This Tube, thus fitted, was heated to the Extremity
of a red Heat in a Smith’s Forge, and was then
immerged with its Aperture downwards in a Bucket
of Water, and kept there, till it was cool ; after
which it was taken out carefully, and the Water,
whieh had enter’d it in cooling, was exaétly weigh’d.
The Weight of the Water thus. taken in at three
different Trials was 610 Grains, 595 Grains, and
600 Grains refpeltively. The Content of the
whole Cavity of the Tube was 796 Grains of Wa-
ter; whence the Spaces remaining unfilled" in thefe
three Experiments were equal in Bulk to'186, 207,
196 Grains of Water refpectively ; and thefe Spaces.
did doubtlefs coritain all the Air, which, when" the
Tube was red-hot, did extend through its whole
Concavity ; confequently the Elafticity of the Aif,
when heated w the extreme Heat of red-hor Irop,
' was
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was tothe Elafticity of the fame Air, when redoced
to the Temperature of the ambient Atmofphere,
as the whole Capacity of the Tube to the refpe&ive
Spaces taken up by the cooled Air, that is, as 796
to 186, 201, 196, or taking the Mediuvm of thefe
three Trials, as 796 to 194 ;. ‘

The Heat given to the Tube each Time was the
Beginning of what Workmen call a white Hear 3
and to prevent the rufhing in of the aqueods Va-
pour at the Immerfion, which will otherwife drive’
out great Part of the Air, and render the Experiment,
fallacious, I had an Iron Wire filed tapering, fo as’

" to fit the Aperture of the Tube, and with this'T a]--
ways ftopt it up, before it was taken from the Fire,
letting it remain in till the whole was cool, when'
removing it, the due Quantity of Water would’
enter. - .

PROP VI

To determine bow much that Elaflicity Q’tbei
Fluid produced by the firing of Gunpowder,’
which we bave above affigned, is sugmented,

by the Heat it bas at the Time of its Explofion.

":A S:Air and this Fluid appear to be. equally’
A, affected by Heat and Cold, and confequently-
have theirElafticities-equally augmented by the Addi-"
tion of equal Degrees of Heat 1o each, if we fuppofe
~ the Hear, with which the Flame of fired Powder is"
endued, to be the fame as that of the extreme Hear
of red-hot Iron, then the Elafticity of the generated
Fluid will be greater at the Time of Explofion, :
when it is in the Form of Flame, than afterwards,
when it is reduced to the Temperdture of the am-
bientAir, in theRatio of 796 to 194} nearly, thatis,
in the Ratio of the Elafticities of cammog Air, under"
fimilar Circumftances, afcertained in the laft Prope--
ficion. §

Now
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- .. Now that the Heat of Powder, when fired in any
confiderable Quantity, is not lefs than that of red-hoe*
Iron, feems fufficiently evident from the Appearance;
of the Flame, and the known Properties of fome of..
its- Materials ; for the Fire produced by the Explo-
fion is certainly as aétive as any common. Fire ; -and/
it is well knowp, that all Fires will communicate a
red-hot Heat to Iron, provided the Bulk of the Iron »
be fufficiently fmall, when compared with:tiic Quans«
tity of the Fire. S

- This being fuppofed then, that the Flame of
fired Gunpowder is not lefs hot than fed-hot Iron, -
and the Elafticity .ot the Air, and confequently of:
the Fluid generated -by the Explofion, being aug--
mented by the Extremity of this Heat jn the Ratio -
of 194 1o 796, as has been fhewn in the laft Pro- :
pofition, it follows, that if 244 be augmented in
this Ratio, the 'refuldipg Number, which is 999 !,
will determine how many-tiraes the Elafticity of the
Fhame of fired Powder exceeds the Elafticicy of com-.
mon Air, fuppoling it to be confined in ‘the fame -
Space which the Powder filled, before i: was fired. :
For fince we have fhewn, in the. 3d Propofition, that

- the ¢laftic Fluid produced from the firing a .Quan- -
tity of Powder would, if confined in the fame Space-
which the Powder. took up before its Explofion,
excrt an Elafticity 244 times greater than the Elaf--
ticity of common Air, fuppofing the Temperature -
of that Fluid and of the Air to be the fame; it is

- plain from hence, that, when 244 is increafed.in the -
Ratio, in which the. Elafticity of this Fluid is-
greater at the Time of the Explofion than -after- .
wards, the refulting Number. will- afcertain, how
many times the Elafticity of this inflamed Fluid, -
at the Inftant of its Explofion, and before it hag
illi;Wd itfelf,: exceeds : the Elafticity of - common -

"
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‘Hence then the abfolute %uannty of the Preflure.
-exefted by Gunpowder at' the Moment of its Ex-.
plofion may be affigned 3 for, fince the Fluid, then
generated, hasan Elafticity g99%, or in round Numa
bers, 1000 times greatér, than common Air ; and:
fince common Air by its Elafticity exerts a Preffure.
ori any given Surface equal tq the. Weight of the in-.
cumbent Atmofphere, with" which it is in Equi-.
librio, the Preflure exerted by fired Powder, betore:
it has- dilited itfelf, “is one thoufand times greater,
,tltanv the, Preflure of the Atmofphere, and confe-
-quently the Quantity of this Force, on-a Surface of,
ap- Inch fquare, amounts ta above 6 Tun Weight,’
which Force however diminifhes, as the Fluid di-,
lates itfelf, according to what has been fhewn in,
the third Propofition. ' - '

SCHOLLUM.

"“Fho’ we have- here fuppofed, that the Heat of.
Gunpowder, when fired in any confiderable Quan-‘
tity, is the fame with Iron heated to the Extremity
of-a red Heat, or to the Beginning of a white.
Heat, (which Determination we fhall hereafter
confirm by many Experiments) yet it cannot be
doubted, but that the Fire produced in the Explo-
fion is fomewhat varied (like all other Fires) by a
greater or lefs Quantity of Fuel; and it may be
. prefumed, that, according to the Quantity of Pow-
. dér fired togethe®, the Flame may have all the dif-
ferent Degrees from that of a languid red Heat to
the Heat fufficient for.the Vitrification of Me-
talss but as the Quantity of Powder requifite for
the Produttion of this laft mentioned Heat, is cer-
exinly greater than what is ever fired together for
any military Purpofe, we fhall find, by our future
Experiments, that we fhall' not. be far from our
"Seope, .if we fuppofe the Heat of fuch Quantities

S as

~



(16) -
as come more frequently in Ufe to be, when fired,
nearly the fame with the ftrongeft Heat of red-hot
Iron; allowing a gradual Augmentation to this
Heat in larger Quantities, and dxmxmfhmg it when
the Qxannucs are very fmall.

PROP VII.

Given the Dimenfions of any Piece of Artil

lery, the Denfity of its Ball, and the Quan-

. taty of .its Charge, to determine the V. elocity

. awhich the Ball will acquire from the Explo-

. Jion, fuppofing the Elaflicity of the Powder
-at the firft Inflant of 1ts ﬁrmg to 6e gwen

N the Solution of this Problem, we fhall aﬁ'umc
the two following Principles: + °

I. That the A&ion of the Powder on the Ballet
ceafes, as foon as the Bullet is got out of ‘thc’Piccc ‘

II. That all the Powder of the (.harg¢ is ﬁrcd
and converted into an elaftic Fluid, before the Bul-
Jet is fenfibly moved from its Place.

"Thefe Poftulates we fhall demontftrate. in an an-

nexed Scholium 5 and they being fuppofed, thc Pro-
pofition itfelf is thus determined :

Let AB reprefent the Axis of any Piece of Artil- .
lery, A the Breech, and B the Muzzle ; DC the Dia-
meter of its Bore, and DEGC a Part of its Catity -
filled with Powder. Suppofe theBall, that is td be im«
pelled, to lie with its hinder Surface at theLine GE;*
then the Preflure exerted at the Explofion, on the °
Circle of which G E is the Diameter, or, which is’
the fame thing, the Preflure excrted m the Direc-
tion F B, on the Surface of the Ball,.is eafily known -

from
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from the known Dimenfions of that Circle; draw
.any Line F H perpendicular to F 8, and Al paral-
Iel to F H, and through the Point H, to the Afymp-
totes 1A and AB, defcribe the Hyperbola KHNQ;
" then if F H reprefents the Force impelling the Ball
at the Point F, the Force impelling the Ball in
any other Place as M will be reprefented by the
Line MN, the Ordinate to the Hyperbola at that
Point ; for when the Fluid impelling th¢ Body
along, has dilated itfelf to M, its Denfity will, be
then to its original Denfity in the Space DEGC
reciprocally as the Spaces, thro’ which it is refpecive~
ly extended ; thatis,.as FAto M A, oras MN to
EH; but we have thewn in the fecond Propofition,
that the Elafticity or impelling Force of this Fluid
is dire@ly as its Denfity; therefore, if FH re.
prefents that Force at the Point F, M N will repre-
fent the like Force at the Point M.

kg
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. Since the abfolute Quantity of the Force impell-
ing the Ball at the Point F is known, and the
ST e T Weight
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Weight of the Ball is likewife known; the Pro-
portion between the Force, the Ball is impelled withy,
and its own Gravity is known. In this Proportion
take FH to FL, and draw L P parallel to FB ;
then MN the Ordinate to the Hypesbola in any
Point will be to its Part MR, cutoff by the Line
L P, as the impelling Force of the Powder in that
Point M, tg the Gravity of the'Ball; and confe-
quently, the Line LP will determine a Line pro-
portional to the uniform Force of Gravity in eve-
ry Point; whillt the Hyperbola HN Q_deter-
mines in like Manner fuch Ordinates; as are
* proportional to the impelling Force of the Pow-
der in every Point 3 whence, by the 39th Propofi-
tion of Lib. 1. of Sir lfaac Newtons Phil. Nat.
Prin. Math. the Areas FLPB and FHQB
-are in the duplicate Proportion of the Velocities,
which the Ball would acquire, when acted on by iss
own Gravity through the Space FB, and when im-
pelled through the {ame Space by the Force of the
Powder. But fince the Ratioof A F to A‘B, and the
Ratio of FH to FL are known, the Ratio of the
Area FLPB to the Area FH QB is known
and thence its Subduplicate. And fince the Line
F B is given in Magnitude, the Velocity, which a
heavy Body would acquire when impelled thro”
this Line by its own Gravity, is known, being no
other than the Velocity it would acquire by falling
thro’ a Space equal to that Line ; find then another
Velocity, to which this Jaft menfioned Velocity
bears the given Ratio of the Subduplicate of the
Area FLPB tothe Area FHQB, and this Ve-
locity, thus found, is the Velocity the Ball will ac~
quire when impelled thro’ the Space FB by the

A&ion of the inflamed Powder.
Now to give an Example of this, let us fuppefe
_AB the Length of the Cylinder to be 45lnches, its
Diameter DC, or rather the Diameter of the Ball,te

\
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be ;of anlnchy and AF the Extent of the Pow-
der to be 2 Inches; to determine the Velocity
which will be communicated to a leaden Bullet by
the Explofion, fuppofing the Bullet laid at firft with
its Surtace contiguous to the Powder.

By the Theory we have laid down in the laft
Propofition, it appears, that at the firft Inftant of
the Explofion the Flame will exert, on the Bullet ly~
ing clofe to it, a Force 1000 times greater than the
Preflure of the Atmofphere ; the Medium Preflure
of the Atmofphere is efteemed equal to that of a

. Column of Water 33 Feet high; whence Lead be.
ing to Wateras 11,345 to 1, this Preffure will be
equal to that of a Column of Lead 34,9 Inches in
Height, whence multiplying this by 10006, 2 Column
of Lead 34900 Inches high would produce a Pref-
fure equal to what is exerted on the Ball by the Pow-
der in the firft Inftant of the Explofion, and the leaden
Ball being % of anInch in Diameter, and canfequently
.equal to a Cylinder of Lead on the fame Bafe £ an
Inch in Height, the Preflure at firft acting on it will
be equal to 34900x2 or 69800 times its Weight 3
whence FLto F Hisas 1 to 69800: And FB to FA
isas 45—2% (or42%) 102§ ; that is, as339to 21,
whence the Rectangle F LPB is to the Rectangle
AFHS, as339t021 X 698003 that s, as 1 to 43
24—. ‘And from the known Application of the Lo~
garithms to theMenfuration of the Hyperbolic Spaces

it follows, that the Re@angle AFH'S is to the Area

FHQB as ,43429 {F¢. is to the tabular Loga-
.rithm of 42; thatis, of 1£2, which is 1,2340579,
whence the Ratio of the Rectangle F L PB to the
Hyperbolic Area FH QB is compounded of the
-Ratios of 1 t0 4324—, and of ,43429 €9c. to
. $,2340579, which together make up the Ratio of
110 12263, the Subduplicate of which is the Ratio
of 1to110,73 and inthis Ratio is the Velocity,
which the Bullet would acquire by Gravity, in fall-
ing through a Space cgual to FB, to the Veloci;);

\ . 2 o t
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the Bullet will acquire from the A&ion of the Pow-
der, impelling it through F.B, but the Space FB
being 424 Inches, the Velocity a heavy Body will
acquire in failing through fuch a Space is known
to be, what wou]d carry it nearly at the Rate of
15,07 Feet in 1¢v of Time; whence the Velocity,
to which this has theRatio of 1 to 10,7, isaVelocity,
which would carry the Ball at the Rate of 15,07 X
110, 7 Feetin 170t Time; that is, at the Rate of
1668 Feet in 17 of Time. And this is the Velocity,
which, according to the Theory, the Bullet in the
prefent Circumftances would acquire from the Aétion
of the Powder, during the Time of its Dilatation.
And this being once computed for one Cafe is
eafily applied toany otcher 5 for, if the Cavity DE
G C left bebind the Bullet be only in Part filled with
Powder, then the Line HF, and confequently the
Area FHQB will be diminifhed in the Propor-
tion of the whole Cavity to the Part filled 5 if the
Diameter of the Bore be varied, the Lengths AB and
A F remaining the fame, then the Quantity of Pow-
der and the Surface of the Bullet, which it aéts on,
will be varied in the duplicate Proportion of the
Diameter ; but the Weight of the Bullet will vary in
. the triplicate Proportion of the Diameter ; wherefore
the Line F H,which is directly as the abfolute impell-
ing Forceof the Powder, and reciprocally asthe Gra- -
vity of the Bullet, will changein the reciprocal Propor-
tion oftheDiameter of theBullet. If AF the Heighth of
the Cavity left behind the Bullet be increafed or dimi-
nithed, theRectangle of the Hyperbola, and confe-
quently the Area correfponding to ordinates inany gi-
venRatio,will be increafed or diminifhed in the fame
Proportion. From all which it follows, that the A-
rea FH QB, which is in the duplicate Proportion
of theVelocity of tge impelled Body, will be directly
H A
as the Logarithm 5, (where AB reprefents theLength

of the Barrel, and AF the Lengh of the Cavity left
behind the Bullet) alfo directly as the Part of that
Cavity
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Cavity filled with Powder, and inverfely as the Dia-
meter of the Bore or rather of the Bullet, likewife
directly as AF the Height of the Cavity left behind
the Bullet. . Confequently the Velocity being com-
puted above for a Bullet of a determined Diameter
placed in a Piece of agiven Length and impelled by
a given Quantity of Powder, occupying a given
Cavity behind that Bullet, it follows, that by means
of thefe Ratios the Velocity of any other Bullet may
be thence deduced, the neceflary Circumftances of its
Polition, Quantity of Powder, fc. being given.
‘Where note, that in the Inftance of this Propofition
we have fuppofed the Diameter of the Ball to be  of
an Inch: Whence the Diameter of the Bore will be
fomething more, and the Quantity of Powder con-
tained in the Space DE G C will amount to exadt-
ly 12dw. a fmall Wad of Tow included.

SCHOLIUM.

In this Propofition we have taken for granted,

1/t. That the A&tion of the Powder on the Bulley
ceafes, as foon as the Bullet is got out of the Piece,

2dly, That all the Powder of the Charge is fired,
hefore the Bullet is fenfibly moved from its Place.

Thefe Affumptions we are now to demon-
ftrate. .

The firft will, I prefume, appear manifeft, when.
it is confidered, how fuddenly the Flame will ex-
tend itfelf on every fide, by its own Elafticity,
when it is once got out of the Mouth of the Picce,
for by this means its Force will then be dif-
fipated, and the Bullet will be no longer fenfibly-
affeCed by it ,

The fecond Principle is indeed lefs obvious, being
contrary to the general Opinion of almoft all
Writerson this Subject. But however itisnot lefs
certain, It might perhaps be fufficient for the

’ C3. : Proof
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Proof of this Pofition to obferve the prodigious
Compreflion of the Flame in the Chamber of the
Picce. Thofe, who willattend to thisCircumftance and.
to the cafy Paflage of the Flame through the Inter-
valsof the Grains, may foon fatisfy themfelves, that na
one Grain contained in that Chamber can continue
for any Time uninflamed, when thus furrounded and
violently prefled by fo altive a Fire. However, not
to rely on mere Speculation in a Point of fo much
Confequence, I confidered, that, if Part only of the
Powder is fired, and that fucceffively, then by lay-
ing a greater Weight before the Charge (fuppofe
2 or 3 Bullets inftead of one) a greater Quantity of
Powder would neceffarily be fired, fince a heavier
‘Weight would be a longer Time in paffing through
the Barrel. Whence it fhould follow, that two or
three Bullets would be impelied by 2 much greater
Force than one only. But the contrary to this ap-
pears by Experiment ; for firing one, two, and three
Bullets laid contiguous to each other with the fame
Charge refpetively, 1 have found (by a Method
to be mentioned hereafter) that their Velocities were
not much different from the Reciprocal of the Sub-
duplicate of their Quantities of Matter, that is,
ifa given Charge would communicate to one Bul-
Yet 2 Velocity of 1700 Feet in 17, the fame Charge
would communicate to two Bulletsa Velocity from
1250 to 1300 Feet in 17,and to three Bullets a
Velocity from 1050 to x110 Feet in one /. From
hence it appears, that, whether the Piece be loaded
with a greater or lefs Weight of Bullet, the Ag¢-
tion of the Powder is nearly the fame 5 fince all
Mathematicians know, that if Bodies containing dif-
- ferent Quantities of Matter are fucceffively impelled
thro’ the fame Space by the fame Power, adting
with a determined Force at each Point of that Space,
then the Velocitjes given to thofe different Bodieg
will be reciprocally in the fubduplicate Rati:})1 of
eig
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their Quantities of Matter. . The Excefs of the Ve-
locities of the two and three Bullets above what
they thould have been by this Rule, (which are that
of 1200 and 980 Feet in 1#') does doubtlefs arife
from the Flame, which efcaping by the Side of the
firft Bullet ads on the Surface of the fecond and
third.

Now this Excefs has in many Experiments
been imperceptible, and the Velocities have been
reciprocally in the fubduplicate Ratios of the Num-
ber of Bullets to fufficient Exaétnefs ; and where this
Error has been greater, it has never arifen to an eighth
Part of the whole; butif the common Opinion was
true, that a fmall Part only of the Powder fires at
firft, and other Parts of it fucceflively, as the Bullet
pafies through the Barrel, and that a confiderable
Part of it is often blown out of the Piece without fir-
ing atall; then the Velocity, which three Bullets re-
ceived from the Explofion, ought to have been much
greater, than we have ever found it to be; fince the
Time of the Paffage of three Bullets :hro the Bar-
rel being nearly double the Time, in which ane paf-
fes, 1t thould happcn according to this vulgar Sup-
pofition, that in a double Time a much greater
Quantity of the Powder fhould be fired, and con-
fequently a greater Force fhould have been produced,
than what acted on the fingle Eullet only, contrary
to all our Experiments. -
~ But further, the Truth of the fecond Poftulate wii
be more fully evinced, when it fhall appear, as it
will hereafter, that thc Rules founded on this Sup~-
pofition afcertain the Velocities of Bullets impelied
by Powder, to the fame Exatnefs, when they are

~atted on through a Barrel of 4 Inches. in Length
only, as when they are difcharged from one of four
Feer.”

With Refpeét to the Grains of Powder, whrch

are often blown out. unfired, and which are always
C 4 urged
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urged as a Proof of thegradua] firing of the Charge, -
1 believe Diego Uffano, a Perfon of great Experi-
ence in the Artof Gunnery, has given the true Rea-
fon for this Accident, which is, that fome {mall
Part of the Charge is often not rammed up with the
reft, but is left in the Piece before the Wad, and is
by this Means expelled by the Blaft of Air before
the Fire can reach it*; Imuft add, that in theCharging
of Cannon and fmall Arms, efpecially after the firlt
Time, this is fcarcely to be avoided by any Method
1 have yet feen practifed. Perhaps too, there may
be fome few Grains in the beft Powder of fo he-
terogeneous a Compolition as to be lefs fufceptible
of firing, which I think I have myfelf obferved ;
thefe, tho’ they are furrounded by the Flame, may
be driven out unfired. However, be that as it
may, the Truth of our Pofition cannot in general
be queftioned. .

Having in this Propofition fhewn how the Velocity,
which any Bullet acquires from the Force of Pow-
der, may be computed upon the Principles of the
“Theory laid down 1n the preceeding Propofitions of
this Treatife, we will-next thew, that the actual Ve«
locities, with which Bullets of different Magnitudes
are impelled from different Pieces, with different
Quantities of Powder, are really the fame with the
Velocities affigned by thefe Computations, and
confequently, that th Theory of the Force of Pow-
der, here delivered, does unqueftionably afcertain
the true Action and Modification of this enormous
Power.

But in order to compare the Velocities commu-
nicated to Bullets by the Explofion with the Veloci-
ties refulting from the Theory by Computation, it
is neceffary, that the actual Velocities, with which
“ Bullets move, fhould be capable of being difco-
vered, which yet is impoffible to be done by any

* Dialog. zo.
\ Methods
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Methods hitherto made publick. The enly Means
hitherto practifed by others for that Purpofe have
been either by obferving the Time of the Flight of
" the Shot through a given Space, or by meafuring
the Range of the Shot at a given Elevation; and
thence computing, on the Parabolic Hypothefis,
what Velocity wauld produce this Range. =~ The
firft Method labours under this infurmountable Dif-
ficulty, that the Velocities of thefe Bodies are often
{5 fwift, and confequently the Time obferved is fo
fhort, that an imperceptible Error in that Time
may occafion an Error in the Velocity, thus found,
of 2, 3, 4, 5, or 600 Feet ina Second. The other
Method 1s {o fallacious, by reafon of the Refiftance
of the Air, (to which Inequality the firft is alfo li-
able) that the Velocities thus affigned may not be.
perhaps the tenth Part of the actual Velocities
fought. ' '

To remedy then thefe Inconveniencies, I have
invented a new Method of finding the real Veloci-
ties of Bullets of all kinds; and this to fuch a De-
gree of Exa&nefs, (which may be augmented too
at Pleafure) that in a Bullet moviag with a Velocity
of 1700 Feet in 17, the Error in the Eftimatien of
it nced never amount to jts five hundredth Part;
and this without any extraordinary Nicety in the
Conftruction of the Machine.. The Defcription and
Ufe of which is the Subjeét of the next Propo-
fiion, . ; \

PR OP. VI

To determine the Velcity, which any Ball
moves with at any Diftance from the Piece,
it is difcharged from. ;

HE fimpleft Method of effe@ing this is by
_Means of an Inftrument like to that exhibited
in the engraved Figure, where AB CD reprefents
: ’ the
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the Body of the Machine compofed of the three
Poles B, C, D fpreading at Bottom, and joining to-
gether at the Top A ; being the fame with what is
vulgarly ufed in the weighing and lifting of very
heavy Bodies, and is called by Workmen the Tri-
. angles. Ontwo of thefe Poles, towards their Tops,
are fcrewed on the Sockets RS; and on thefe
Sockets the Pendulum EFGHIK is hung by
Means of its crofs Piece E F, which becomes its
Axis of Sufpenfion, and on which it muft be made
to vibrate with great Freedom. The Body of this
Pendulum is made of Iron, having a broad Part
-at Bottom, which cannot be feen in this Scheme ;
but its entire Shape is reprefented in the annexed
Figure A, '

= =

The lower Part of the Pendulum is covered with

a thick Piece of Wood GKIH, which is faften’d
to the Iron by Screws. Something lower than the
Bottom of ‘the Pendulum there is a Brace OP,
’ joining
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joining the two Poles to. which the Pendulum is
fufpended ; and to this Brace there is faften’d a Con-
trivance M N U, made with two Edges of Steel,
bearing on each otherin the Line UN, fomething in
the Manner of a Drawing-pen; the Strength with
which thefe Edges prefs on each,other being dimi-
nithed or increafed at Pleafure, by Means of' a
Screw Z going through the upper Piece. There is
faften’d to the Bottom of the Pendulum a narrow
Ribbon LN, which paffes between thefe Steel Edges,
and which afterwards, by Means of an Opening
cut in the lower Piece of Steel, hangs loofcly down,
asat W.

This Inftrument thus fitted, if the Weight of
the Pendulum be known, and likewife the refpec-
tive Diftances of its Centre of Gravity, and of its
Centre of Ofcillation, from its Axis of Sufpenfion,
it will thence be known, what Motion will be com-
municated to this Pendulum by the Percuffion of a
Body of a known Weight moving with a known
Degree of Celerity, and firiking it in a given
Point ; that is, if the Pendulum be fuppofed at
Reft before the Percuffion, it will be known, what
Vibration it ought to make in Confequence of fuch
3 determined Blow ; and, on the contrary, if the
Pendulum, being at Reft, is ftruck by a Body of a
known Weight, and the Vibration, which the Pene
dulum makes after theBlow, is known, the Velocie
ty of the ftrikingBody may from thence bedetemined,

Hence then, if a Bullet of a known Weight
ftrikes the Pendulum, and the Vibration, which the
Pendulum makes in confequence of the Stroke, be
afcertained, theVelocity, with which the Ball moved,
is thence to be known. )

Now the Extent of the Vibration, made by the
Pendulum after the Blow, may be meafured to great:
Accuracy by the Ribbon L. N ; for let the Preflure
of the Edges U N on-the Ribbon be fo regulated

by .
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by the Screw Z, that the Motion of the Ribbon
between them may be free and eafy, tho’ with fome
minute Refiftance; then fettling the Pendulum at
Reft, let the Part L N between the Pendulum and
the Edges be drawn firait, but not ftrained, and fix
a Pin in that Part of the Ribbon, which is then con-
tiguous to the Edges: Leu now a Ball impinge on
the Pendulum, then the Pendulum fwinging back
will draw out the Ribbon to the juft Extent of its
Vibration, which will confequently be determined
by the Interval on the Ribbon between the Edges
U N and the Place of the Pin.

< But the Computation, by which the Velocity of
the Ball is determined from the Vibration of the
Pendulum after the Stroke, requires a more parti-
cular Explication ; and for this Purpofe we will ex-
hibit, as an Example, the Pendulum made ufe of
by us in fome of our Experiments.

- The Weight of the whole Pendulum, Wood and
all, was 56 1b. 3 oz. its Centre of Gravity was 52
Inches diftant from' its Axis of Sufpenfion, and
200 of its fmall Swings were perforimed in the
Time of 253 Seconds; whence its Centre of Ofcil-
lation (determined from hence) is 62 2 Inches dif-
tant from that Axis. The Centre of the Piece of
Wood GKIH is diftanit from the fame Axis 66
Inches,

= In the compound Ratio of 66 to 622, and 66 to
52, take the Quantity of Matter of the Pendulum
to a 4th Quantity, which will be 421b. 0z. Now
Geometers will know, that if the Blow be ftruck in
the Centre of the Piece of Wood GKI1H, the Pen-
dulum will refift to the Stroke in the fame Manner,
as if this laft Quantity of Matter only (42 1b. 1 0z.)
was concentrated in that Point, and the reft of the
Pendulum was taken away ; whence, fuppofing the
Weight of the Bullet impinging in that Eoint to be
the ;; of a2 Pound, or the ; of this Quantity of

T ) ) Matter
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Matrter nearly, the Velocity of the Point of Percuft
fion after the Stroke will, by the Laws obferved in
the Congrefs of fuch Bodies as rebound not from
each other, be the J, of the Velocity the Bullet
" moved with before the Stroke; whence the Veloci-
ty of this Point of Percuffion_after the Stroke be-
ing afcertained, that multiplied by 505 will give
the Velocity with which the Ball impinged.

But the Velocity of the Point of Percuffion after
the Stroke is eafily deduced from the Chord of the
Arch, through which it afcends by the Blow ; for
it is a well known Propofition, that all pendulous
Bodies afcend to the fame Height by their vibratory
Motion, as they would do, if they were proje&ted
dire@tly upwards from their loweft Point, with the
fame Velocity they have in that Point; wherefore,
if the verfed Sine of the afcending Arch be found,
(which is eafily determined from the Chord and
Radius being given) this verfed Sine is the per-
pendicular Height, to which a Body projeted up-
wards with the Velocity of the Point of Percuffion
would arife ; and, confequently, what that Velocity
is, can be eaflily computed by the common Theory
of falling Bodies.

For inftance, the ‘Chord of the Arch, deferibed
by the Afcent of the Pendulum after the Stroke
meafured on the Ribbon, has been fometimes 17 §
Inches ; the Diftance of the Ribbon from the Axis
of Sufpenfion is 71 § Inches, whence reducing 17 2
in the Ratio of 71 § to 66, the refulting Number,
which is nearly 16 Inches, will be the Chord of the
Arch, through which the Centre of the Board GKIH
afcended after the Stroke: Now the verfed Sine of
an Arch, whofe Chord is 16 Inches, and its Radius
66, i3 1,93939; and the Velocity, which would
carry a Body to this Height, or, which is the fame
thing, the Velocity, which a Body would acquire by

' defeending
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defcending through this Space, is nearly that of
g:Feetina?. . ) '
To determinethen the Velocity, with which the
Bullet impinged on the Centre of the Wood, when
the Chord of the Arch defcribed by the Afcent of
the Pendulum, in confequence ot the Blow, was
17 } Inches meafured on the Ribbon, no more is
neceflary, than to multiply 3 1 by 505, and the
refulting Number 1641 will be the Feet which the
Bullet would defcribe in 1v, if it moved with the
Velocity it had at the Moment of its Percuffion
_for the Velocity of the Point of the Pendulum, on
which the Bullet ftruck, we have juft now deter-
mined to be that ot 31 Feetin 1¥; and we have
before fhewn, that this is the X of the Velocity of
the Bullet. If then a Bullet weighing ! of ‘2 Pound
ftrikes the Pendulum in the Centre of the Wood
&KIH, and the Ribbon be drawn out 17 £ Inches
by the Blow, the Velocity of the Bullet is that of
‘3641 Feet in 1v. And fince the Length, the Rib-
bon is drawn, is always nearly the Chord of theArch
deferibed by the Afcent, (it being placed fo as to
-differ infenfibly from thefe Chords which moft fre-
quently occur) and thefe Chords are known to be in
the Proportion of the Velocities of the Pendulum -
acquired from the Stroke, it follows, that the Pro-
portion between the Lengths of Ribbon drawn
out at different times, will be the fame with that
of the Velocities of the impinging Bullets; and,
confequently, by the Proportion of thefe Lengths
of Ribbon to 17 1, the Proportion of the Velocity,
with which the Bullets impinge to the known Velo-

“city of 1641 Feet in 1#, will be determined.
Hence then is thewn, in general, how the Veloci-
ties of Bullets of all kinds may be found out by
- Means of thisInftrument ; but that thofe, who may
be difpofed to try thefe Experiments, may not have
unforefeen Difficulties to ftruggle with, I thall here
fubjoin
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fubjoin a few Obfervations, which it will be neceffary
for them to attend to, both to fecure Suceefs to their
T'rials, and Safety to their Perfons.

And firft, that they may not conceive the Piece
of Wood G K1 H to be an unneceffary Part of the
Machine, I muft ipform them, that if a Bullet im-
pelled by a full Charge of Powder fhould ftrike
dire@ly on the Iron, the Bullet would be beaten in-
to Shivers by the Stroke, and thefe Shivers will re-
bound back with fuch Violence, as to bury them-
felves in any Wood they chance to light on, as [
have found by hazardous Experience ; and befides
the Danger, the Pendulum will not in this Inftance
afcertain the Velocity of the Bullet, becaufe the
Velocity, with which the Parts of it rebound, is un-
known.

The Weight of the Pendulum, and the Thick-.
nefs of the Wood, muft be in fome Meafure pro-

tioned to the fize of the Bullets which are ufed.
A Pendulum of the Weight here defcribed will do
very well for all Bullets under three or four Ounces,
if the Thicknefs of the Board be increafedto 7 or 3
Inches for the heavieft Bullets; Beech is the tougheft
and propereft Wood for this Purpofe.

It is hazardous ftanding on the fide of the Pen-
dulum, unlefs the Board be fo thick, that the
greateft Part of the Bullet’s Force is loft before it
comes at the Iron, for if it ftrikes the Iron with Vie-
lence, the Shivers of Lead, which cannot return back
thro’ the Wood, will force themfelves out between
the Wood and Iron, and will fly to a confiderable

*Diftance.  ° '
. As there isno effe@ual way of faftening theWood
to the Iron but by Screws, the Heads of which muft
come thro® the Board ; the Bullets will fometimes
light on thofe Screws, from whence the Shivers will
difperfe themfelves on every fide,

When
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" When in thefe Experiments fo fmall a Quantity
of Powder is ufed, as will not give to the Bullet a
Velocity of more than 4 or 500 Feet in 17, the Bullet
will not ftick in the Wood, but will rebound from
itentire, and (if the Wood be of a véry hard Tex-
ture)- with a very confiderable Velocity, Indeed [
have never ¢xamined any of the Bullets, which have
thus rebounded, but I have found them indented
by the Bodies they have ftruck againft in their Re-
bound. ‘ '

To avoid then thefe Dangers, to the braving of
whichin Philofophical Refearches no Honour is an-
nexed, it will be convenient to fix whatfoeverBarrel is
ufed, on a ftrong heavyCarriage, and to fire it with
. lietle flow Matech.  Let the Barrel wo be very well
fortified in all its Length; for no Barrel, (I fpeak of
Mufket Barrels) forged’ with the ufual Dimenfions
will bear many of the Experiments recited here-
. after without burfting, as I have found to my Coft.
The Barrel, Ihave moft relied on, and which 1
procured to be made on Purpole, is nearly as thick
at the Muzzel as at the Breech, that is, it hasg
in each Place nearly the Diameter of its Bore in
Thicknefs of Metal. .

‘The Powder ufed in thefe Experiments fhould
be exatly weigh’d, and that no Part of it be fcatter-
edin the Barrel, the Piece muft be charged with a
Ladle in the fame manner as is pra@ifedwithCannon,,
theWad fhould be of Tow of the fame Weight each
Time, and no more than is juft neceffary to confine’
the Powder in its proper Place, the Length of the
Cavity left behind the Ball thould be determined
each Time with Exaétnefs, for the increafing or di-
minifhing that Space will vary the Velocity of the
Shot, altho® the Bullet aud Quarntity of Powder be
net changed. The Diftante of the Mouth of the
Piece from the Pendulum ought to be fuch, that the
Impulfe of the Flamie may not act on the Pendulum ;

' ' this ~
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“this will be prevented in a common Barrel charged

with £ an QOunce of Powder, if it be at theDiftance of
16 or 18 Feet; in larger Charges the Impulfe is fen-
fible farther off, Lhave founditextend toaboye 25
Feet; however, between 25.and 18 Feet is the Dif,
tance ] have wfually chofen; other Precautions, which
are neceflary, will better find their Placs in the Ac.
ceunt of the Experiments I have made, to which
I now haften. :

) PROP iIX

To compare the aftual Velocities with which .
Bullets of different kinds are difcharged from
their rqéf?eﬂi‘ve Pieces, with their Velocities
computed from the Theory.

Y OW to determine the aftual Velocities with
_which Bullets are difcharged, has been amply
fhewn in the laft Propofition; and how to compute
the Velocity with which they would bedilcharged
according to our Theory, has been likewife fully
explained in the fixth Propofition ; we fhall bere
then compare the Refult of our Theory with Ex-
perience, and thence evince, how accyrately that
Theory agrees with the real Motions of Bullets,
tho’ foynded on Principles no ways conneted with
thefe Experiments.

The firft Experiments, I thall exhibit, were made
with a Barrel of the fame Dimenfions with the Ex-
ample of the fixth Propofition, the Ball being % of
an Inch in Diargeter, the Length 45 Inches, and the

+ Cavity containing the Powder 2 § Inches, which, as

the Barrel exceeded the Bullet in Diameter by abourt
the kth of an Inch, jult contained 42 dw. of Pow-

der. : :
The Bullet thus made pfe of was 2 of a Pound,

with
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with the Example of the feventh Propofition ; but the
Board on the Pendulum vfed here was 4 lb. lighter
than what isaffigned in that Example; from thefe Cir-’
cumftances, and the Velocity which by theTheery the’
Bullet oughtto be difcharged with, there is known the
Chord of the Arch meafured on the Ribbon, thro’®
which the Pendylum fhould afcend after the Stroke,
if.the Theory betrue: How nearthis agrees with our
Experiments, will appear by the following Table: -

Q%amity of | Chord of afcending | The fame by | Error of
owder. | “Arch meafured on | theTheory. Theory.
No. the Ribben. i )
: Dw.
1l 2 18,7 19,0 | 1,2
2 l 12 | 19,6 | 190 | —6
3 6 13,6 1 13,4 | —,2

The next Experiments were made with the fame
Barrel, but the Board on the Pendulum was now of
Jitle more Weight than that in the Example of
the feventh Propofition. . : ‘

Length | Quan- | Chordofafcend- | - The fame " Error of
of the { tity of ]ing Arch mea- | by Theory. ‘Fheorye-
Cavity | Powder. | fured on the
contain- { | - Ribben.
ing the
Powder )
or Line- .
AF,in 1
Fxg. 1. i
N t Inchos, Dw. Inch. Inch, Inch
4] 2% 6 1,9 12,1 +» 2
5 zg 6 12,2 12,1 T—y X
6 I 6 13,2 13,6 | 4, 4
7] 14| 61 139 | 136 | —3
81 2§ 12 16,7 17,2 s 5
9| 2% 12 17,5 17,2 | — 3
!l 2§ | 12 16,9 16,8 — 1
11{-28} 12 17,0 . | 16,8 - | —;2
12 23 6 11,7 11,5 | —2
131 2 6 | 151 i,5 1"A.4
14| 2i 12 16,7 16, 3 — 4

The
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The laft five Numbers refulting from the Theery
are corrected from the Quantity of Bullets lodged
in the Board, which; as many other Experiments of

~ a different kind were tried in the Interval, amounted
at laft to above two Pounds; whence the Weight
of the Pendulum being: increafed, its Vibration with
the fame Blow muft be proportionably.diminifhed.

The next Experiments were made with a Bafrel
of the fame Bore with the laft, but only 12, 375
Inches in Length: To diftinguifh them, we fhall
for the future denominate the firft Barrel by the
Letter A, and this thort one by C. TheBoard on
the Pendulum was at firft rather lighter than in the
Example of the feventh Propofition.

Extent | Quan- '] Chord of af- | The fame ] Brrorof

of the tity of | cending Arch | by Theory. | Thecry.

Cuvity 1 Powder. | meafured on

contain- 1 the Ribbon. ;

ing the T

Powder. o
No. | Basrel | Inch. | Dw. Inch. Inch. »
150 C | 23 12 12,7 12,8 | ], 1
160 C } 25 1 12 12,6 12,8 | 4, 2
1720 C | 2§ 12| 12,4 12,8 | 4, 4
18| A | 2§ 12 17,0 17,3 | 45 3
19t A1 2§ 12 17,2 17,2° > O
20 Al 24 | 12 17,1 17,2 1, 1
21y A [ 28 | 12 17,2 17,2 50
22 A | 28 | 6] 12,4 12,2 | —, 2

In fome of the following Experiments a third
Barrel was ufed of the fame Bore with the other
two, but 24,312 Inches in Length: This Barrel I
denominate B ; the Board fixed on the Pendulum
was at firft bug litcle heavier than that in the feventh
Propolition ; and when in the Courle of the Experi-
ments it is fenfibly increafed in the Weight; | dimi-
nifh the Numbers arifing from- the Theory by a -
correfponding, Part, A

: D2 - No. .
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2 § 6 10,3 | 10,5 |+ 2
13 8 14,7 | 1445 =5 2
4 12 15,7 153 |—™ 4

The Error in the 26th and 25th Experiments
being much greater than what has occurred to me
in any other Trials, I fufpe, that fome Miftake
was made in the Weight of the Powder, or that
the Barrel (which had indeed lain by in 2 moift
Place) was very damp; which Circumftance, I
know by Experience, will confiderably diminith
the A&ion of the Powder. )

‘The following Experiments were made with a
Pendulum much heavier, it weighing in the whole
g7 b, its Center of Gravity was 55,625 Inches
diftant from its Axis of Sufpenfion, .and 200 of its
fmall Swings were performed in the Space of 255" 1

" whence its Center of Ofcillation 1s 63,9 Inches dif>
* tant from the Axis of Sufpenfion. Allo fometimes
another Barrel was ufed 7,06 Inches in Length, and
,83 in Diameter, its Ball was exaltly fitted o the
Bore without any Windage, fo that it went in with
Difficulty, the Weight of this Ball was 33 & dw.
This Barrel we fhall denominate D. - _

1T | SmA T | R
g‘gg_ Powder. l:lee;{l‘x;begn o.n )
] ing the
Powder.
No. | Barrel. | Inch, - dw. Inch, Inch,
231 A | 2§ | 12 17,1 | 17,2 145 1
24 A | 2§ 9 15,2 | 150 =y 2
25| A | 3 9 154 | 150 |—, 4
26| C 25 12 1,5 | 12,8 |44,3
271 C. | 2§ 12 11, 5 1,8 |41,3
28| C | 2§ | 6 87 1 9 |-} 3
29| C 24 12 12,3 | 12,5 |4, 2
go] B | 25} 12 14,4 | 14,4 0,0
31 g 2§ | 12 14,4 | 144 0,0
A
A
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Length | Quinti- | Cherd of the ] The fame by
of the ty of | akendingArch the Theory.
Cavity | Powder. | meafured on

contain- the Ribbon,

ing the

Powder.

Iach dw Inch, ‘Inch.
2§ 12 9, 2 9,2
28 | 12 95 9,2

< | 24 11,7 11,3

78 | 36 | 13,2 | 12,6
2§ | 12 9, 3 9,1
14 8 7,6 8,1
24 12 6, 1 6,6
2§ | 12 6,5 | 6,6
24 12 8,0 8,2
2§ | 12 8,3 8,2
2§ 12 95 91
24 12 91 | 9t
2§ 6 7s 2 6,5
2§ ] 6 6, 7 6, 5
2% | 12 6, 8 6,7
24 12 755 6,7
24 | 6 47 4,8
2§ 6 5,0 4,8
2, 12 7, 0 752
23 12 7,1 0,8
25 | 6 47 4,8
28] 6 | 4,8 4,8
2 6 6, 4 6,5
25 | 6 6,4 | 6,5
2L | 6 ) 6,5
2% 6 6,7 6,5
2% 12 9,0 9,1
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The Error in the 50th Experiment, the greateft
in this Set, was doubtlefs owing to the Wind; for
the 49, which was made immediately before it in the
fame Manner, and with the fame Quantity of Pow-
der, differs but little from the Theory. The Ex-
cefs of the 38th Experiment above the Theory
was in Part occafioned by the Impulfe of the Flame
on the Pendulum, which in this large Quantity of
Powder was plainly to be difcerned.

“This Theory is farther confirmed: too, by Experi-
ments made on the Ation of very fmall Quantities.
of Powder, 'We have hitherto fuppofed the Powder
when fired to be equally hot with Iron atthe begin-
ing of its white Heat, 'but we have obferved, that in
very fmall Quantities of Powder the Heat is proba-
bly lefs than this, and confequently the Elafticity -
in thofe Cafes lefs than ‘what arifes from this Sup-
pofition. Now this Decreafe of Elafticity in {mall

uantities of Powder we have found by rany
Trials actually to take place; for Inftance, in
the Example of the 7th Propofition, the Velocity,
which fhou!d be given to the Ball by the A&ion:
of thePowder according to the Theory, is in round *
Numbers that of 1670 Feetin 17, andthisVelocity we
have found in the preceeding Experimentsto be the me-
dium Velocity, which the Ball really receives in thofe
Circumftances. If now, the Barrel and Pofition of the
Ball remaining the fame, there be placed in the fame
Space D EG C continuing likewifethe fame 1dw. of
Powder inftead of 12, which is the Quantity fuppo-
fed in that Example, it follows from the Principles
there laid down, that if the Elafticity of the fmaller’
Charge be the fame in Proportion to its Quantity
with that of the larger, then the Velocity of the
Billet when impelled by the Explofion of the
fmaller Charge, will be to the Velocity of a Bul-
let impelled by the greater Charge in the fubdu..
plicate Ratio of the Quantities of the refpetive

Charges,
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Charges, that is, in the fubduplicate Ratio of 1 to
12. Confequently the Velocity communicated by 12
dw. being known to be that of 166 Feet in 1#, the
Velocity communicated by 1 dw. would be that of
482 Feet in .17 nearly 5 but 1 found by repeated
Trials, which differed very little from each other,
that the real Velocity acquired by the Ball in this
Cafe, fromthe Explofion of 1 dw. was rather lefs
_ thanthat of 400 Feet in1# ; whence it is evident, that
the Elafticity of 1 dw. of Powder when fired is
lefs in Proportion to its Quantity than that of 12
dw. as it ought to be by our Theory. '

Likewife if 3 dw. of Powder beplaced in the fame
Manner with the 1dw. in the laft Example, the real
Velocity, the Ball will acquire from the Explofion,
will be from 740to 720 Feet m 1¥, as I have found
by many Experiments ; whereas fuppofing the Elaf-
ticity of 3dw. when fired to be in fimilar Cir-.
cumftances the fame with that of 12 dw. the Velo-
city acquired by the Ball fhould be 835 Feet in
17; whence, even in 3 dw. the Elafticity and confe-
quently the Heat is lefs than in 12 dw. as it oughg
to-be by the Theory. :

. The Ratios of thefe diminithed Elafticities to
the Elafticity eftablithed by us for larger Quanti-
ties, are the Duplicate of the Ratios of the refpective
Velocities communicated by them in aéting thro’ the
fame Space, whence the Elafticity of 1 dw. is to
the Elafticity of 12 dw. in fimilar Circumftances
as 2 to 3. and the Elafticity of 3 dw. to that of
12 dw. is as 3 to 4 nearly, fuppofing the {maller
Elafticities to be uniformly diminifhed in each
Part of theirExpanfion; but inall Probability this is not
the Cafe, for as the Decreafe of Elafticity is owing
to a Deficiency in the Heat of the Fluid, it is moft
reafonable to conctive, that in thefe fmall Quantities
the Heat is not only lefs at firft, but islikewife per-
pewally decreafing, as the Bullet is impelled thro’

D s ths
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the Barrel, and confequently that the comparative
Elafticity is more abated, the longer its A&ion con-
tinues ; a Circumflance that does not take place,
"when- the Quantity of Powder is well proportioned
to-the Barrely thro® whichit is to adt,

.. SCHOLIUM

Thus _then have we confirmed our Theory by the
moft indifputable Evidence, which is its Coincidence
with a numerous Series of Experiments made in all the
warious Circumftances, that the Nature of the Subjeét
could fuggeft;andl muft add, that thefe Experiments
or the greateft Part of them were made and regifter’d
beforeany of the Computations, by which they are-
compared with theTheory, were formed ; altho’ I had
afcertained that Theory, fuch as it is here delivered,
fome time before I enter’d on thefe Experiments, :

The Variety of thefe Experiments, and the Ac-
guracy with which they correfpond to the Theory,
leave us no room to doubt of the Certainty of the
Theory ; for we have examined the A&ion of fired
Powder on Bullets of different Weights and in Barrels
of different Magpnitudes from 7Inches to 45 Inches
In Length; we have varied tootheQuantity of Pows
der from 6 dw. 10 36 dw. and have inclofed thefeQuane
tities differently, fometimes in fuch Cavities as they
- exaltly filled, at other times in fuch as were fufficient
to have held much greaterQuantities; and we have
found, that in all thefe differenc Circumftances, our
Theory has truly exhibited the real Velocities with
which the Bullets were impelled by theExplofion, or if
(as in very fmall Quantities of Powder) there "were
any Exceptions from the general Rule we hadeftablifh.
ed, it was, what theTheory did plainly demand ; and
furely that T heory, which fo accurately agrees with Ex.
perimentin thefe diverfified Trials; cannot but contain

the
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the true and genvine Determination - of the Force -
and Manner of aling of fired Gunpowder, .

. This: Theory as here eftablithed fuppofes, thatin
the firing of Gunpowder about £ of its Subftarce is con.
verted by the fuddenInflammation into a permanent é-
laftic Fluid, whofe Elafticity in Proportion to its Heat
and Denfity is the fame with that of common Air
in the like Circumftances ; it farther fuppofes, that
all the Force exerted by Gunpowder in its moft vio-
lent Operations is no more than the A&ion of the
Elafticity of the Fluid thus generated ; and thefe
Principles enable us, as we have feen, to determine
the Veloctities of Bullets imgelled from Fire-Arms
of all kinds, and are fully fufficient for all Purpofes,
where the Force of Gunpowder is to be eftimated.
‘Whether this Fluid be true and genuine Air, or an-
other Subftance, we fhall notdifcufs in this P
as it isan Inquiry no Ways connected with the Des
fign of this Treatife. L '

. From this Theory many Dedufions may be
made of the greateft Confequence to the Praétical
Part of Gunnery. From hence the Thicknefs of a .
Piece, which will enable it to confine without Burf-
tingany given Charge of Powder, is eafily determin-
ed, fince the Effort of the Powder is known,  From
hence appears the Inconclufivenefs of what fome mo-
dern Authors have advanced relating to theAdvanta-
ges of gmicular Forms for the Chambers of Mor-
tars and Cannon ; for all their labour’d Speculations
on this Head are evidently founded on very erro-
neous Opinions about the A@ion of fired Powder.,
From this Theory too we are taught the Neceflity
of leaving the fame Space bthind the Buller, when
we would by the fame Quantity of Powder com-
municate the fame Velocity to the Bullet ; fince on
our Principles it follows, that the fame Powder has
a greater or lefs Degree of Elatticity, according to
the different Spaces it occupies. The Method,

‘ which
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which 1 have always practifed for this Purpofe, has .
been by marking the Rammer, and this is a Maxim,
which ought not to be difpenfed with, when Cannon
are fired at'an Flevation, particularly ‘in thofe
called by the French Batferies @ Ricocher.

From the continued A&ion of the Powder, and
its Manner of expanding deferibed in thisTheory, and
the Lengthof the Piece, one of the moft effential
Circumftances inthe well directing of Artillery may*
be eafily afcertained. All PraQitioners are agreed,
that no Shot can be depended on, unlefs the Piece be
placed on 2 folid Platforms for if the Platform
thakes with - the firft Impulfe of the Powder, it is
impoffible, butthe Piece muft likewife thake, which:
will alter its Dire&ion and render its Shot uncertain.
To prevent this ‘Accident, the Platform is ufually
made extremely firmtoa confiderable Depth back-'
wards, fo.that the Pieceis not only well fupported
in the Beginning of its Motion, but likewife thro’ a
great Part of its Recoil.  However, it is fufficient-
}y obvious, that when the Bullet is feparated from
the Piece, 1t canbe no longer affected by the trem-
bling of the Piece or Platforms and by a very eafy
Computation it will be found, that in a Piece . 10
Feet in length, carryinga Bullet of 24 1b. and charged
with 16 Ib. of Powder, the Bullet will be out of the
Piece before thePiece has recoil’d £ an Inch s whence,:
if the Platform be fufficiently folid at the Beginning;
of the Recoil, the remaining Part of it may be much
flighter, fince its Unfteadinefs beyond the firft 1 Inch
will have no Influence on the Dire€tion of the Shot.
And hence a more compendious Method of con-

* ftrutting Platforms may. be found out:

From this Theory it alfo appears, how greatly.
thofe Authors have been miftaken, who have attribut-
ed the Force of Gunpowder, or at leaft a confiderable
Part of it, to the A&ion of the Air, contained ei-.
ther . in the Powder or between the Intervals of the

Grains:
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Grains. For they have fuppofed (tho® indiftin&ly .
enough) that Air to exift in its natural elaftic State,
" and to receive all its Addition of Force from the .
Heat of the Explofion. Bur, from what we have.
~ experimentedin the -fitth Propofition, relating to the -
Increafe of the Ela{’cicilc_y] of the Air by Hear, we.
may conclude, that the' Heat of the Explofion cannot -
augment the Elafticity of the Air' to. five times.
its common Quantity ;- confequently, the Force a-.

' rifing from this Caufe only cannot amount to more:

than the 200th Part of the real Force exerted on this :
Qccafion. . - : : -
~ Having thus difpatched the general Confirmation-
of our Theory, we fhall proceed to the Examination
of fome other Particulars relating to this Subjec,.
which tho’ eafily enough flowing from the Principles .
already laid down, do yet from the Novelty and.
Singularity of the Matter merit a circumftantial -
Difcuffion, . )

"PROP X
To afign the Changes in the Force of Powder,

which arife from the -different State of the
Atmofpbere, ' : ‘ :

N all the Experiments: I have hitherto examin--

- ed,’ I have never been able to difcover, that the-
Variation of the Denfity of the Atmofphere did any
way alter the A&ion of Powder, altho’ I have made
feveral hundred Shot in very different Seafons:: In
particular, I have fometimés compared the Trials
made at Noon in the hoteeft Summer Sun with. thofe
made in the Frethnefs of the Morning and Evening,
and I could not perceive any certain Difference be-
tween them, and it was the fame with the Trials
made in the Night and in Winter; ajtho’ in this
variety of Seafons, the Denlity of the Atmofphere
‘ muft
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muft have béen very different: Indeed, as we have
feen, that the fame Quantity of that Fluid,in which
the Force of Powder confifts, isgenerated ina vacuum,
and in common Air, it is difficult to conceive, how
this Force can be affected by the greater or lefler
Denfity of the Atmofphere, = =

- But tho” the Denfity of the Atmofphere has no
Influence on the Force of Powder, yet its Moif~
ture has a greatone; for the fame Quantity of Pows
der, which ina dry feafon would communicate to
a Bullet a Velocity of 1700 Feet in 1#, will not in
damp Weather communicate to the fame Bullet,
placed in the fame manner, a Velocity of more
perhaps than 12.0r 1300 Feet in 17, or ftill lefs, if
the Powder be of -a-bad Sort, and has been negli-
gently kept.  And this' Decreafe of the Force in
- damp Powder appears by my Experiments to be
very unfteady and variable, fothat 2 Shot made with
equal Quantities of fuch Powder, taken out of the
fame Parcel, will differ confiderably from each other,
perhaps ten times mote than.if the Powder was
in good Order; andas far as this Uncertainty in itg
Effecs will permitme, 1feem tocolle&t, chat a Imall
Charge lofes a greater Part of its Force than 2
larger, provided each'are equally damp. Another
Circumftance attending damp Powder is a re-
mmarkable Foulnefs in the Piece after firing, much bex
yond what arifes from an equal Quantity of dry
Powder. - "

- Now all thefe Effects are eafily to be accounted
for, when it is known, thatPowder will imbibe Moif-
e from the Air; for as & cermin Quamity of
Water mixed with Powder will prevent its firing
at all, it follows, that every Degree of Moifture in
Powder, the® -infufficient to produce this Effect,
will yet abate the Violence of its Explofion, and
will render the Fire thereby produced lefs vehement
than it would otherwife be ; whence a lefs Q'mh%

. o
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. of Fluid-will be in this Cafe generated, and the Heat
of that Fluid and its Elafticity is likewife lefs ; confe-
ntly, the Ation of dampPowder muft on this two--
fold Account be diminithed according to the. Degree
_of Moifture, with which it is impregnated. .
And as bad Powder ufually contains fome com-
mon Salt in it, by reafon of the little Care taken
in the refining of the Nitre, and as common Sait im-
bibes Moifture in a ftronger Degree than Nitse, it is
not difficult to conceive, how bad Powder thould
in 2 moift Seafon be more impregnated . with Moif-
ture than good, and fhould confequeatly lofe more
of \its Force. L : S
. The Uncertainty in the EffeCts of damp Powder
arifes, I prefume, from the different Degrees -of
Drynefs it acquires .in the Piece; for asafier the
firft or fecond firing the Barrel grows warm, if the
Powder is contained any Time in it, fome Part of
its Moifture will be thereby evaporated, and as
the Heat of the Barrel, and the Timeof the Charge
continuing, in it, are Circumftances, which in thew
Nature are very uncertain, it is not to be wonder’d at,
* that the Evaporation, and confequently the Action of
the Powder. is likewife uncertain, 1 muft remark on
this Head, that, inthe drieft Seafons, I have found the
Coldnefs of the Barrel, and perhaps fome little Moif-
ure condenfed in itsCavity, to have fenfibly diminithed
ghe Force of the Powder in the firft Shot. .
 That fmall Quantities of Powder fhould have
their A&ion more diminifhed than Jarger Quantitics
with the fame Degree of Moifture, natrally follows
from the fmaller Degree of Heat, with which (as
we have obferved above) the Explofion of fmail
Charges is attended; fince the fame Proportion of
Moiffure muft of neceflity clog a weak Fire more
effeCually, than it can do one which is more violent.
" “The remarkable Foulnefs of the Piece from the
firing of damp Powder, which we have mentioned
above, muft likewifc arife from the Diminution of

the
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the A&ivity of the Fire in the Explofion. For, when.
Powder is of a properTemperature to fire readily and
violently, the greateft Part of its Subftance ought to
be confumed to Afhes, which will then be difcernable
in the Form of a greyifh Subftance on all Bodies pla.
ced near the Mouth of the Piece ; and the Foulnefs of
" the Piece is owing to thofe Parts of the Powder, which
cither by their Contiguity to the cold'Barrel, or their
lefs inflammable Compofition, are but impcrfc&ly
burnt 3 now fince moift Powder produces a lefs vio-~
lent Flame in Proportion to the Moifture it im-
bibed, itmuft follow, that a fmaller Part of the Pow.
der will in this Cafe be perfectly confumed, and con-
fequently a greater Part will remain to contribute
to the Foulnefs of the Barrel. '

SCHOLIUM.

We have aflerted as the Bafis of our Reafoning
in this Fropofition, that Powder will imbibe Moift-
ure from the Air in a humid State of the Atmofphere;
‘but it remains to aflign the Quantity it can thus
imbibe, which we fhall here eéndeavour to do from
our own Experiments. o I

A Parcel of very good Powder being placed -
on a white Paper, which was pierced with a great
‘Number of fine Holes, and the Paper being held
over the Steam of hot Water, I found, that in half
a Mipute the Powder was increafed in Weight by
about { Part. ‘ ) T

Trying another Parcel in the fame Manner, but
continuing it longer in the Steam, I found, that the
Powder increafed its Weight by £ Part; but'in ‘this
Cafe fome of the Grains adhered together in fmall
Lumps, altho’ the Figure of the Grains themfelves
was no ways changed. S o

To convince myfelf that the Moifture of the -
Atmofphere would' likewife increafe the Weight of

Powder, I took about an Qunce of Powder, which
© had
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had for fome' time been kept in a2 Room which
had aFire in it every Day, and I found by drying;
it before the Fire, that it loft above . of its Weight
one third of which Decreafe in Weight it had again
acquired in lefs than two Hours, by being removed
to a different Part of the Room, ata Diftance from
the Fire. . ; : '

Now as the Weather is ofton much moifter, than
when I tried this Experiment, and as in open Air:
this Moifture abounds much more than in 2 Room,
where there is a Fire; it cannot bedoubted, buc.
that fometimes the twenticth or thirtieth Part of
the Subftance of the beft Powder is Water, which
may be cafily fuppofed to produce all the Effeéts,
we have obferved and - delcribed in- this Propofi--
tion.

But however, the Moifture thus imbibed by Pow-
der from the Air does net, asI have yet obferved,
‘render it Jefs active, when it 1s dried again, . The
Reader muft have obferved in the Experiments of
the laft Propofition, how nearly thofe made with.the
fame Quantities of Powder and in the fame Circum-
ftances agree with each other. In thefe Experiments,
‘tho’ made at different T'imes in the Courfe of three
Summer Months, the Drynefs of the Seafonprevented
all the Inequalities of this Propofition. Buttrying the
.fame Powder in the Winter, in a very damp Seafon, I
found, thattha’ if it wasufed as inthe Summer, inirs
natural State, without any drying, its Effeéts were
very irregular, and much thort of thofe Experi-
ments, yet if each Charge was well dried, juft be.
fore it was ufed, no Diminution of its Force could
then be perceived, nor did it appear to a¢t in any
‘manner different from what it had done in the pre~
ceeding Summer. -Indeed if the Powder be expof-
ed to the greateft Damps without any Caution, or
if common Salt abounds in it, the Moifture, it im~ -
bibes, may perhaps be fufficient to diffolve fome Part of

the -
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the Nitre, which is 2 lafting Damage, that no.Dry.
ing can retricve.  But when tolerable Care is taken
in preferving Powder, and the Nitre, it is compofed
of, has been well purged fram comman Sal, ic will
renain. its Force much longer than is ufually fop-
pofed. Ihave heard, that Powder, which bad been
well kept, did nat at the End of fifty Years appear
to be any ways injured by is Age. =~ -
.-Some Care.is neceflary in the drying of damp
Powder s for there is aDegree of Heat, which tho® not
fufficient to fire the Powder, will yet melt the Brim-
ftone, and deftroy the Texture of the Grains. Nay
“ore, there is 2 Heat, with which the Brimflone
will flame and burn away gradually, and yer the -
Powder -will not explode; of this any onc. may
fatisfy- himfelt by heating a Piece of Iron red-het,
and then throwing a few Grains of Powder on it
at different Intervals, during the Time of its cool-
ing, for by this Means he will find, that at a certain
‘Time the feparate Grains, that fall on the Iron, will
not explode, but will burn with.a fmal] blue Flame
for fome Space of Time, the Grain ftill remaining
nnconfumed. Indeed, when it has begun to bura inthss
Manner, it fometimes ends withexploding, but this
mere commonly happens, when a Number of Grains
Je near together; for then tho’ each feparate Flame
is not fufficsent to explode its refpective Grain, yet
the whole Fire made by them all together grows
firong enough at laft ro end in.a general Explofion;
however, by attending to the proper Tewm of

the Iron, and fpreadingtheGrains, I have often covered
two or three fquare Inches with a blue lambent
Flame, which has lafted a confiderable Time with-
out any Explofion, and examining the Graios after-
wards, I could not perceive, that they had loft cither
their Colour or their. Shape. Now fince thefe
Grains, when the Brimftone is thus burnt or even:
melted out of them, will nolonger a& as Powdes,
it



(49°)
it is evident, that Powder may be fpoﬂed by bemg
dried with too violent a Heat. -

From the great. Difference-in the Effe&s of
moxﬁ and dry Powder eflablithed in this Propofitiar,
it appears, how wery uncertain and 1rtegu]ar all
thofe praéhca] Operations of Gunnery may prove,
where this Circumftance is not attended to; and
how little Confidence can-be ‘placed in any Ex<«
penments, whcrc tbls Caufe of Incquahtycould m,n
gerfere. =

. Before 1 leave this Amclc, I mui’c mention a
Sufpicion, I once entertained about this Marter, . As
Water,when rarified intoVapour, is generalty fuppo-
fed to be near ten times more elaftic than Airequelly
heated, I imagined, that poffibly the Moifture im-
hibed . by Powder mlght, in ceértain Cafes, be fo
proportioned to the Quantity of Powdcr that it
might be converted intp Vapour-by the Exploﬁon
and that thereby the Force of the Powder might be
more increafed by the Addition ef this very elaftic
‘Vapour, than it was dimjnifhed by. the dainping of
its Hlame. And I was the more induced: to bes
lieve, thas this did fometimes happen, from.the Ex:
periments of a late Aughor, who tells wus, that .the
Rgngcs of the fame Shot, ﬁred .from.the fame Mor>
tar, with equal Charges of Powder, were much
.gmtcr in the Frethnefs of the :Movningi than in
the Heatof the Day. For I was well: fatisfied, that
the oxer Denfity of the Adr(to which he {ems 1o
impute this Variety) -could not produce fuch diffe.
rent Effeéts, .However, upon-a more accurate Ex
amination, I cannot find, that apy Degree of Moi-

fipre does at any time augment. the Force of Pows
- der; for, in all the yumerous Trials 1 have-made,
1 cher obferved that Force fenfibly to exceed its
mean Quantity, except in.two Experiments; and
even thele Excefies, 1 had good Reafon o believe,
were occafioned by fome gxfmdcr i theMachine.
: How.
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However, if the Elafticity of watry Vapour be as
great as it is ufually efteemed, (a Point far from
being afcertained at prefent) it is not imzoﬂiblc,
but fomething of this kind may take Place'in the
firing of large Quantities of Powder,

PROP. XIL

- T inveftigate the Velocity which the Flame of
Gunpowder acquires, by expanding itfelf, fup-
- pofing it be fired in agiven Piece of Artille?',
without either a Bullet or any other Body be-
Sore it. )

\
’

verted into an elaftic Fluid at the Inftant of the
xplofion, then from the known Elafticity of this
Fluid afligned by ourTheory, and its known Denfity,
we could eafily determine the Velocity, with which
it would begin to expand, and could thence trace
out its future Augmentations in its Progrefs through
the Barrel 5 but as we have fhewn, that the elaftic
Fluid, in which the Ativity of the Gunpowder
confifts, is only 1 of the Subftance of the Powder,
the remaining Z will in the Explofion be mixed with
the elaftic Part, and will by its Weight retard the
Acivity of the Explofion ; and yet they will not
be fo compleatly united as to move with one com-
mon Motion, but the unelaftic Part will be lefs ac-
celerated than the reft, and fome of it will not even
be carried out of the Barrel, as appears by the con-
fiderable Quantity of unctuous Matter, which ad-
heres to the Infide of all Fire-Arms, after they have
been ufed. : ‘

Thefe Inequalities in the expanfive Motion of the
Flame oblige us to recur to Experiments for its
accurate Determination, The

e

!F the whole Subftance of the Powder was con-

P
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The Experiments made ufe of for this Purpofe
were of two kinds: The firft was made by charge-
ing the Barrel A with 12 dw. of Powder, and a
fmall Wad of Tow only; and then placing its
Mouth 19 Inches from the Centre of the Pendu-
lum, mentioned in the feventh Propofition; on
firing it in this Situation, the Impulfe of the Flame
on the Pendulum ‘made it alcend through an Arch,
‘whofe Chord was 13, 7 Inches; whence, if the
whole Subftance of the Powder was fuppofed to
ftrike againft the Pendulum, and each Part to ftrike
with the fame Velocity, that common Velocity
muft have been at the Rate of about 2650 Feet in
‘1%, This then is the leaft Velocity, which the Pow-
der could be fuppofed to acquire in its Expanfion ;
for if we fuppofe the elaftic Part to acquire a greater
' Velocity in expanding, than the other grofs Vapour,
‘(which it undoubtedly does) this common Velocity
here affigned muft be augmented for the elaftic
Fluid, and diminithed for the groffer Subftance of
the Powder. As fome Part of the Velocity of the
Flame was loft in paffing through 19 Inches of Air,
I made the remaining Experiments on this Subje&

in a manner not liable to that Inconvenience,

I fixed the Barrel A on the Pendulum, fo that its
Axis might be both horizontal and alfo perpendi-
cular to the Plane HK; or, which is the fame
thing, that it might be in the Plane of the Pendu-
Jum’s Vibration ; the Height of the Axis of the
Piece above the Centre of the Pendulum was fix
Inches, and the Weight of the Piece and of the
Iron that faften’d it, . was 11lb. z. The Bar-
rel in this Situation being charged with 12 dw. of
Powder, without either Ball or Wad, the Powder
only put together with the Rammer, on the Dif-
charge the Pendulum afcended through an Arch,
whofe Chord was 10 Inches, or reduced to an equi-
"valent Blow in the Centre of the Pendulum, fup-

&3 pofing
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poling the Barrel away, it would be 14, 4 Inches
nearly.
. The fame Experiment repeated again, the Chord
of the aiccndmv Arch was 10, 1 Inches, which, re-
duced, to the Ccntre is 14, 6 Inches,

To determine >what Difference of Velocity
, thcrc was in the different Parts of the Vapour, I
loaded the Piece again with 12 dw. of Powder, and
rammcd it down with a Wad of Tow weighing

‘dw. Now I conceived, that this Wad being very
Slxghtwould prefently acquire that Velocity, with
which - the elaftic Part of the Fluid would expand
Itfelf when uncomprefled 5 and I accordingly found,
that the. Chord of the afcending Arch was by thxs
Means augmented to 12 Inches, or at.the Centre to
17,32 Whence, as the Medium of the other two
Experiments is 14,5, the Pendulum afcended thro’
an Arch 2,8 Inches Jonger, by the additional Mo-
tion:of . 1 dw. of Matter moving with the Velocity
of the fwifteft Part-of the Vapour; and confe-
.quently, the ¥elocity, with which this 1 dw. of
Matter moved, was that of about 7ooe Feet in 17, -

It will pcrhaps be objected to this Determination,
thdt the Augmentation of the Arch, through which
the Pendulum vibrated in this Cafe, was not all of
it owing to the Qjannty of Motion given to the
VVad ngt Part of it was produced by the Confirement
" 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 noWad, it would not
;happcn, that in firing different Qxantmes of Pow-
der without -a Wad, the Chord of the a('cendmg
Arch would urcreafe and decreafe nearly in the Ra- -
tio. of -thofe Quantities, which yet I have found it
to da; for with g dw. that Chord was 7, 3 Inches,
which with 12 dw, we have feen was but 10, and
19, 1.; and even with. 3 dw. the Chord was 2 Inchess
. . o deficient

- e
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deficient from this Proportion by, 5 only 3 for which
Defeét too,other valid Reafons are to be affigned. -

Ang there is ftill a more convincing Proot that
all, the Pawder is fired, altho’ no Wad be phccd
_bcforc the Charge ; whxcn is, that the Part of the
Recoil arifing ﬁ'r::f the Expanfion of the Powder
alone is found to be 1o greater, when it impells a
leaden Bullet before it, than when the fame Quan-
tity is fired without any Wad to confine it. We
have feen, that the Chord of the Arch, thro' which
the Pendu]um rofe from the expanfive Forcc of the
Powder alone, is 10, or 10, 1; and the Chord of
that Arch, when the Piece was charged in the cufto-
mary Manner with a Bulle and W ad, I found to
be the firft time 22, and the fecond time: 227
or at a3 Medium 22, 56. Now the Impulic of the
Ball and Wad, if they were fuppoicd to ftrike the
Pendulum in the fame Place, in which the Barref
was fufpended, with the Velocity they had acquired
_at the vouth of the Piece, would drive it through
an Axch, whofe Chord would be about 12,3, A8 is
known from the Weight ot the Per dulum the
Weight and Pofition of the Barrel,: and the Velo-
city of the Bullet, determined by our former Expe-
riments ; whence, fubtracting this Number 12,3
from 22, 56, the "Remainder 10,25 is nearly the
Chord of the Arch, which the ’Pendulum would
have afcended throu"h from the Expanfion of the
Powder alone, whcn ﬁred with a Bullet before it 3
and this Number 10, 26 differs very little from 10,1,
which we _have above found to be the Chord of the
afcending Arch, when the fame Quantity of Pow-
-der expanded itfelf freely, without either Bullct or
Wad before it.

Again, that this Velocity of 7ooo Feetin 17 is
not much beyond what the moft active Part of the
Flame acquires in expandin is evinced from hencge,
that we have 4bovc, in the 38th. Experiment, an

E 3 Inftance .
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Inftance of 2 Ball-a&ually difcharged with a Velo-
city of 2400 in 17, and yet it appeared not, that
the A&ion of the Powder on this Bullet was at all
diminifhed on account of this immenfe Celerity 3
confequently, the Degree of Swiftnefs, with which
in this Inftance the Powder followed the Ball, with-
out lofing any Part of" its Preflure, muft have been
much fhort of what the Powder alone would have
expanded .with, had not the Ball been there. ]

And it is this prodigious Celerity of Expanfion
of the Flame of fired Powder, which is its peculiar
Excellence; and the Circumftance, inwhich it fo
eminently {urpafles all other Inventions, either anci-
ent or modern, for the Purpofe of military Projec-
tions : For as to the Quantity of Motion of thefe
Projettiles only, many of the warlike Machines
of the Ancients produced this in a Degree far fur-

fling that of our heavieft Cannon-fhot or Shells 3
E:lt the great Celerity given to thefe Bodies cannot
be in the leaft approached by any other Means than
by the Flame of Powder. The Reafon of this Dif-
ference is, that the Ancients could by Weights, or
the Elafticity of Springs and ftretcched Cords, aug-
ment their Powers to any Degree defired ; but then
each Addition of Power brought with it a - propor-
tional Addition of Matter to be moved: So that as
the Power increafed, thofe Parts of the Machine,
which were to communicate Motion to the Projec-
tile, and were confequently to move with it, were
likewife increafed ; and thence it neceffarily hap-
pened, that the A¢tion of the Power was not folely
employed in giving Motion to the impelled Body,
but much the greateft Part of it was fpent in acce-
lerating thofe Parts of the Machine, in which the
Power refided, to enable them to purfue the Body.
to be projected with a perpetual Impulfe, during
its whole Paffage thro’ the Extent of their Ativity,
Hence then it came to pafs, that, tho’ thefe anciene

Machines
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Machines could throw enormous Weights, they
could project them but with fmall Degrees of
Celerity, compared with what we can communicate
to our Cannon and Mufket-thot: Whence, in all
Operations, where thefe great Velocities are ufeful,
. our Machines are infinitely fuperior to thofe of An.
- tiquity ; altho’, in more confined and fhorter Pro-
jections, thefe laft have fome Advantages, which
may yet render them worthy of the Attention of
thofe military Genius’s, who have Capacity enough
to confider each Part of their Profeffion according
to its true- and genujne Value, independent of the
partial Eftimation of the Times they live in; -
From the Determinations contained in this Pro-
polition, the Force of Petards may be deduced,
fince their Aétion folely depends on the Impulfe of
the Flame ; and it appears; that a Quantity of Pow-
der, properly difpofed in fuch a Machine, may
produce as violent an Effort as a Bullet of twice itg
‘Weight, moving with a Velocity of 14 or 1500
Feet in 1. : Co

PROP XII.

To :a_/i'ertain the Manner in which the Flame of
" Powder impells a Ball, which is laid at a
confiderable Diflance from tbe Charge.

E have, in many of the Experiments recited

by us above, laid the Ball not immediately
contiguous to the Powder, but a fmall Diftance
from it; the greateft Interval, however, has not
amounted to more than about 1} Inch, from the
hinder Part of the Bullet to the neareft Part of the
Powder ; and, in thefe Cafes, we have feen, that the
Theory agreed very well with the Experiments:

But if a Bullet be placed at a greater Diftance from
P E 4 the
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_the Powder, fuppofe at 12, 18, or 24 Inches, wé
canriot then apply to.the Motion. of this Ball the.
fame Principles which, in the .7th Propofition, we
have applied to fuch as are contiguous to the Pow-
der, or nearly fo; for we have feen, in the laft
Prépofition, that, when the Surface of the fired
Powder is not confined by a heavy Body, which it
s obliged to impell before it, the Flame dilates it«
felf with a Velocity much beyond what it can at
any time communicate to a Bullet by its continued
Prefiure ; confequently, as in the Diftance of 12,
18, or 24 Inches, the Powder will have acquired a
confiderable Degree of this Velocity of Expanfion,
the firft Motion of the Ball will not be produced
by the continued Preflure of the Powder, but by
the a&ual Percuffion. of the Flame; and it will
therefore begin to move with a Quantity of Mo-
tion proportioned to the Quantity of this Flame,
and the Velocities of - its refpe@ive Parts, .
From hence then it follows, that the Velocity of
a Bullet, laid a confiderable Diftance before the
Charge, ought to be greater, than what would be
communicated to it by the Preflure. of the Powder
adting in the Mdnner defctibed in the 7th Propofi-
tion; ead this Dedu@ion from our Theory we
have confirmed by manifold Experience ; by which
we have found, that a Ball laid in the Barrel -A,
with its binder Part 11 4 Inches from its Bréech,
and impelled by 12 dw. of Powder, has acquired
obn its Difcharge a Velocity of about 1400 Feet in
175 when, if it had ‘been acted on by the Preflure
of the Flame only, it would not have acquired a
Velocity of 1200 Feet in 17, The fame we have
found to hold true in all other greater Diftances,
(and alfo in lefler, tho’ not to the fame Degreé)
and in all Quantities of Powder. And we have
likewife found, that thefe Effe@s nearly :correfpond
with what. was laid dowa in the laft Propofition,
» about
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‘about the Velocity of Expanfion, and the elaftic
and unelaftic Parts of the Flame.. ' :
And from hence too arifes another Confideration:
of great Confequente in the Prattice of Gunnery ;'
which is, that no Bullet fhould at any time be
placed at any confiderable Diftance before the
Charge, unlefs the Piece be extremely fortified ; for
a moderate Charge of Powder, when it has ex-
panded itfelf through the vacant Space, and reaches
the Ball, will, by the Velocity each Parc has ac-
quired, accumulate itfelf behind the Ball, and wil}
thereby be condenfed prodigioufly ; whence, if the
Barrel be not of an excraordinary Firmnefs in that
Part, it muft, by this reinforced Elafticity of the
Powder, infallibly burft, The Truth of this Rea-
foning 1 have experienced in an exceeding "geod
Tower-Mufquet, forged of very tough Iron; for
charging it with 12 dw. of Powder, and placing
the Ball 16 Inches from the Breech, on the firing
ir, the Part of the Barrel juft behind the Bullet was
fwelled out to double its Diameter, like a2 blown
Bladder; and two large Pieces of two Inches long
were burft out of it. -
Having feen that the entire Motion of a Bullet,
laid ac a confiderable Diftance fromi the Charge, is
acquired by two different Methods, in which the
Powder a@s on it ; the fitft being the Percuffion of
the Parts of the Flame, with the Velocity they had
refpe@tively acquired by expanding; the fecond,
the continued Preflure of the Flame through the
remaining Part of the Barrel; I endeavoured to
feparare thefe different Actions, and to retain that
only, which arofe from the continued Prefiure of the
Flamg. . For this Purpofe, I no longer placed the
Powder at the Breech, from whence it would have -
full Scope for its Expanfion, but I fcattered. it as
uniformly a3 I could through the whole Cavity lefe
behind the Bullet ; imagining that, by this Means,
| T S the -
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the progreffive Velocity of the Flame in each Part
would be prevented by the Expanfion of the neigh-
bouring Parts:  And I found, that the Ball
being laid 11i Inches from the Breech, its
Velocity, inftead of 1400 Feet in 17, which it ac-
quired in the laft Experiments, was now no more
than 1100 Feet in 17 ; which is 100 Feet fhort of
what, according to the Theory, thould arife trom
the continued Preffure of the Powder only

The Reafon of this Deficiency was, doubtlefs, .
she ‘inteftine. Motion of the Flame ; for the Accen-
fion of the Powder, thus diftributed through fo
much a larger Space than what it could fill, muft
have produced many Reverberations and Pulfauons
of the Flame; and from thefe internal Agitations
of the Fluid, its Preffure on the containing Surface
will (as is the Cafe in all other Fluids) be confide-
rably diminifhed ; and it has been in order to avoid.
this Irregularity, that in all the Experiments I have
made, I have taken particular Care to have the
Powder clofely confined in as fmall a Space as pof-
?ble, even when the Bullet lay at fome little Diftance

rom it.

PR O P XIIL

To enumerate the various Kinds of Powder, and
to defcribe the propereft Metbods of examiming
its Goodneft.

HE Powder, we have hitherto confidered, is
fuppofed to be fuch, as is made for the Service
of the Government; but, befides this, there are
many other Kinds, fome better and fome worfe,
which I here propofe to enumerate, as faras they
have come to my Knowledge. . :
But, firft, I muft premife, that the Government
Powder, if properly wrought, is, I believe, nearly
, as
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as good, as any Powder made for general Ufe. I
have examined it with great Care, and have com<
pared it with other Powders made here in England,
which are efteemed the beft, fuch as the Battle, €.
and I cannot find any fenfible Difference between'
them. I have likewife compared it, in frequent
Trials, with fome Spanifb Powder, taken out of
the 8¢. Fago Prize; and tho’, if I were to give my
Opinion, f fhould rather believe the Spanis Pow-
der the better of the two, yet fo fmall an Inequa-
lity as a fiftieth or fixtieth Part, which is the moft
that the Difference between them can amount to,

is too little to be afcertained with abfolute Certaine -

ty. I conceive too, by comparing the Experiments
of others with my own, that the Fremch Powder is
lirtle different from ours 3 altho® I cannot be fo cer-
tain on this Head as I could with, having never
been able to procure any of their Powder myfelf.
But it muft be remember’d, that when I fpeak of our
Government Powder, it muft be, what is fuppofed
to be made of the Standard Proportion of Materials,
and properly wrought ; for fuch was the Powder I
made ufe of. : -
The ftrongeft Powdef, I have yet met with, is
fome which, 1 am told, was made in Holland ; its
Force, compared with that of our Government
Powder, is nearly as 5 10 4. But this Powder is
undoubtedly made of the choiceft pick’d Materials,
and is probably wrought up with Spirits ; fo thar
Quantities of it could not be made, but at a much
greater Expence, than what would be repaid by its
additional Strength. ‘ B
The next beft Powder, that has come to my
Hands, is a Powder made in Porrugal, under the
Dire&ion of a Datebman, who fome Years fince
cftablithed Powder-Mills near Lifos. This is in
Strength interior to the Dutch Powder latt men-
tioned 3
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tioned ;- but is, however, nearer to that than to our
Government Powder.

The common Sale Powder here in England, fuch

as is to be had at every Grocer’s, is much worfe
than the Government or the Baitle Powdcr and ex-
tremely various, according to the Caprlcc of the
Maker. 1 have tried fome, whofe Strength has
been in Proportion to the Government Powder, as
2 to 3 nearly, and other Parcels have been ftill
worfe 3 but the worft of all is the Powder made for
the African. Trade, ufually ftyled Guines Powder:
But thefe weaker Powders are not worth Examina-
tion, as there is no eftablithed Standard for their
Compofition.
. Now thefe Differences in the Strength of Powder
may arife from three Caufes ; either from the Qua-
lity of the Materials, from the Proportion obferved
in their Mixture, or from the Manner of working
them together.

Powder, as is generally known, is compofed of
Saltpetrc, Sulphur, and Charcoal : Of thefe Mate-
rials the Sulphur and Charcoal are much the cheap-
eft; and tho’ there are peculiar Kinds of thefe,
whlch are fiteft for this Purpofe, yet the Expence
of having the very beft is fo {mall, when compared
to the whole Coft of the Powder, "that it is ftrange,
if Powder, which would be otherwife good, is
ipoiled by bad Sulphur or Charcoal.

The moft expenfive Part of the Compofition, and
confequently the Part to which the Defects of Pow-
der are oftner owing, is the Saltpetre. This is a
Subftance imbibed by the Earth from the Air ; for
a Quantity of Earth, which has had its Saltpetre
wafthed out of it, will, -when it has been expofed
to the Air for fome time, produce Saltpetre again; -
and this as often as the Experiment fhall be re-
pcated
Saltpctrc\
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Saltpétre is of itfelf an uninflammable Subftance ;

for if it be placed in the moft violent Fire, it only
melts, and never flames, provided no combuftible

Matter is permitted to mix with it: But tho’ of jt- |

felf, unmixed with other Bodies, it will neither flame
nor burn; yet, if it be joimed with burning Sub-
ftances, it prodigioufly augments the Violence of
their burning ; performing, in' this Cafe, what the
Air, forcibly mixed with Fire by the Blaft of a
Pair of Bellows, does in a2 much inferior Degree.
Powder then being a Mixture of Sulphur and
Charcoal, which are very inflammable Subftances
with Saltpetre, which in wrfelf is not, if the Salt-
petre be too much in Quantity, when compared with
the other two, their burning may not be fufficient
to confume the whole of the Saltpetrc 3 whence the
Fire may be lefs violent, and confequently (accord-

ing to what we have obferved in the 10th Propo- -

fition) the Powder lefs vigorous, than if fome of
the Saltpetre was taken away, and a like Quantiry

of the other Materials were added in its Stead.” On

the other hand, if the Saltpetre in the Compofition
be lefs, than what the burning of the other two
Subftances can eafily confume, the Fire will be lefs
attive than it ought to te, becaufe it is not aug-
mented fo much as it would be, if a larger Quan-
tity of Saltpetre had been added to the Compo-
fition,

Powder is not to be eftimated only from the Quan-
tity of Saltpetre contained in it, altho’ that Sub-
ftance feems to be the Bafis of the elaftic Fluid, in
which its Force confifts; for fince the converting of
the Saltpetre into that Fluid, and the Elafticity of
the Fluid afterwards, depend in fome meafure on
the Violence of the Fire produced at the Explo-
fion, it is plain, that there is a certain Proportion

Hence then it appears, that the Goodnefs of

in the Mixture of the Materials, which will beft -

contribute

-
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contribute to this Purpofe, and confequently to the
Perfe@ion of the Powder.

What this Proportion is, has been afcertained by
Experience ; and it feems now to be generally
agreed, that in any Quantity of Powder 3 of it
fhould be Saltpette, the remaining  confifting. of
equal Quantities of Sulphur and Charcoal. This
is.the Proportion followed by the Fremch, and, I
believe, by moft Nations in Europe : We, indeed,
pretend to .a greater Degree of Nicety in our Pro-

rtions; tho’, I am told, they do not greatly differ
}:Jm what | have mentioned ; nor.am I convinced,
that they are preferable: This I am fure of, that no
Methods - of proving Powder, hitherto generally
practifed in England, could at all afcertain the Dif-
erence 3 and other Powders, made with the ufual
Proportions, are no whit inferior to ours.

_ But it is not the due Proportion of the Materials
only, which is neceflary to the making of good
Powder ; another Circumftance, not lefs effential, is
the mixing them well together ; if this be not ef-
fectually done, fome Parts of the Compofition will
have too, much Saltpetre in them, and othérs too
little 5 and in either Cafe there will be a Lofs of
Strength in the Powder.

_ As the Excellency of Powder then depends on
fo many Particulars, in the Quality and Quantity of
the Materials, and in the working them together,
it is, doubtlefs, of great Importance, that thofe who
receive the publick Stores fhould have it in their
Power to fatisfy themfelves abopt the Goodnefs of
what is delivered to them. The Method moft com-
monly followed for this Purpofe, here with us, is
(if I am rightly informed) to fire a fmall Heap of-
it on'a clean Board, and to attend nicely o the
Flame and Smoke it produces, as likewife to the
Marks it leaves behind it on the Table; from all
which inftruétive Particulars the Merit of the Pow-

der
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der is afcertained with great Accuracy, as is pre.
tended: But befides this uncertain Method, which,
I prefume, (how much foever it may be practifed)
none will ferioufly undertake to defend, there are,.
on particular Occafions, other Contrivances made
ufe of ; all which bear fome Analogy to the com-
mon Powder-triers, fold at the Shops; only they
are more artfully fabricated, and inftead of a Spring
they move a Weight, which is a more certain and
equable Power. ' \

But thefe Machines, tho’ more perfect than the
common Powder-triers, are yet liable to great Irre-
gularities ; for as they are all moved by the inftan-
taneous Stroke of the Flame, and not by its conti-
‘nued Preflure, they do not determine the Force of
the fired Powder with that Certainty and Unifor-
mity, which were to be defired in thefe kinds of
“Trials: And therefore, I cannot but think, the
Method followed by the French, in the receiving of
‘Powders &f’t’ﬁe Makers, to be much better. Their
Prattice is thus: ‘

They have, in each Magazine, a fmall Mortar
‘caft, with its Bed, according to a determined Pat-
tern, which is the fame throughout the Kingdom :
This Mortar is always pointed at 45°, and it con-
tains juft three Ounces of Powder; and it is a
ftanding Maxim, that no Powder can be received
into their Stores, unlefs three Ounces of it, placed
in the Chamber of this Mortar, throws a folid Ball
'of 7 £ Inches Diameter to the Diftance of at leaft 55
‘French Fathom. : '

It has been objected to this Method, that if each
Barrel of Powder was to be proved in this manner,
the Trouble-of charging the Mortar, and bringing
back the Ball each time, would be intolerable, and
the Delay fo great, that no Bufinefs of this kind
could ever be finithed ; and if a Number of Bar-
‘rels are received on the Merit of a few, it is great

: Qdds
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Odds 'but fome bad ones will be amongft them,
which may prove a great Difappointment in time of
Service. Add to this another Exception, which
to me has much more Weight; and that is, the
mandtrous Difproportion between the Weight of the
Ball and the Powder that projects it; fo that the
Powder continues in Action a longer time, and ex-
pands through 2 much larger Space, in Proportion
1o its Quantities. in thefe Trials, than it ever does
in any real Service; whence it happens, that the
Vapour cools, and great Part of it efcapes thro® the
Touch-hole, or by theSide of the Bullet; fo that the
Quantity of Motion produced by the Explofion is,
in this Inftance, but little more than half of what it
ought to be, if the Powder acted on the Ball with
its full Force undiminithed by thefg Accidents
confequently, as this Diminution of Force may not.
be always conftant, the Action of the fame Powder,
by the varying of thefe adventitious Circumftances,
may, at different Times,: convey the Ball w0 diffe-
rent Diftances. _

Now this laft Exception does no ways hold againft
the Method by which [ have tried the comparativg
Strength of different kinds of Powder, which bas
been by the actual Velocity given to a Bullet, by
fuch a Quantity of Powder as is ufually efteemed a
proper Charge for the Piece: And as this Velocity,
however great, is eafily difcovered by the Motipn
which the Pendulum acquires from the Stroke of
the Bullet, (according to the Principles laid dowa
- above) it might feem a good Amendment tw the
Method ufed by the Fremcb, to introduce this Trial
by the Pendulum inftead of it. But tho’ I am fa-
tisfied, that this would be much more .accurate, kefp
laborious, and readier than the other, yet, as there
is fome little Attention and Cantion required in -this
Practice, which might render it of lefs Difpatch
than might be convenient, when a great Numher ?f

. ‘ . ' Barrels



Barrels were to be feparatcly tried, -I fhould myfel

choofé to prattife another Method not lefs certain,
but prodigioufly more expeditious'; fo that I could
engage, that the weighing out of a fmall Parcel of
Powder from~each Barrel ‘fhould be the greateft
Part of the Labour ; and, doubtlefs, three or four
‘Hands could, by this Means, examine 500 Barrelg
in'a Morning ; “befides, ‘the Machines for -this Pury
pofe, as they might' be made of caft Iron, would
be fo very cheap, that they might be ‘multiplied at
Pleafure, However, 1 thall-defer .the: Defcripeion
of this Method at prefent, and fhall proceed to the
Confideration of the Refiftance of the Air, a Sub-
et of the greateft Jmportance to the PerfeGion of

Gunnery.




CHAP. IL

Of the Refiffance of the Air, and of
. the Track defcribed by the Flight
of Shkot and Shells.

oo E FORE I more minutely difcufs the
WSS Subject of this Chapter, it is neceffary
ey to premife, that the greateft Part of Au.
S ta)) thors have eftablithed it as a certain

Rule, that, whilft the fame Body moves
in the fame Medium, it is always refifted in the
duplicate Proportion of its Velocity 5 that is, if
the refifted Body move in one Part of its Track
with three times the Velocity with which it moved
in fome other Part, then its Refiftance to the greater
Velocity will be nine times the Refiftance to the
lefler. If the Velocity in one Place be four times
the Velocity in another, the Refiftance to the greater
Velocity will be fixteen times the Refiftance to the
lefler, and fo on. This Rule, tho® exceffively erro-
neous, (as we fhall' hereafier thew) when taken in
a general Senfe, is yet undoubtedly very near the
“Truth, when confined within certain Limits ; and
therefore, in our future Difquifitions, we fhall fup-
pofe, that in all fmall Changes of Velocity in the refift-
* 1ng Body it does accurately hold true; fo that when
we fpeak hereafter of the Refiftance of the Medium
being increafed or diminifhed by the varying of the
Velocity, we fhall not hereby include that Increafe
or Diminution, which ought to take Place according
to this Law, but fhall thereby inggnd a Refiftance,

greater
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greater or lefs, than what the moving Body ought
to undergo from the Application of this Principle 3
that is, we fhall thereby underftand an Increafe or
Diminution in the refifting Power of the Medium,
fimilar to what might be occafioned by increafing
or diminifhing its Denfity : the principal Purport
‘of our prefent Attempt being to evince, that, ac-
cording to the different Comprefiion of the Medium,
or the different Degree of Velocity in the moving
Body, fuch Changes may arife in the refifting Power
of the Medium, as could fcarcely be effeéted, ac-
cording to the Brinciples commonly received on this
Subjeét, by a treble Augmentation of its Denfity,
This we doubt not irrefragably to confirm in thg .

¢

following Differtation.

~PROPOSITION L

To deferibe the general Principles of the Res
Siftance of Fluids to folid Bedies moving in

them.

N order to conceive the Refiftance of Fluids ta
a Body moving in them, it is neceflary to diftin-
guifh between thofe Fluids which, being comprefifod
by fome incumbent Weight, perpetually clofe up
" the Space deferted by the Body in Motion, without
rmitting for an Inftant any Vacuity to remain be-
ind it; and thofe Fluids in which (they being not
fufficiently comprefled) the Space left behind the
moving Body remains for fome time empty. Thefe
Differences, in the refifting Fluids, will occafion
very remarkable Varieties in the Laws of their Re-
fiftance, and are abfolutely neceffary to be confidered
in the Determination of the A&ion of the Air on
Shot and Shells 3 for the Air partakes of both thefe
Affections, according to the different Velocities of
the projeéted Body,
Fa I
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. If 3 Fluid was fa conflituted, that all the Pai-
. ficles compofing it were at fome Diftance from each.
other, and. there was no Action between them, then
the Refiftance of 3 Body moving thercin would be
eafily computed; from the Quantity of Motion cam-
municated: to chefe Particles: Far inftance, if a Cy~
linder moyed in, fuch a Fluid in the Direction of
its Axigy it would communicate to the Particles it
met with:a Valocity equal to its own, and in its
awa Diredrion,; fuppofing that neither the Cylinder,
oor the. Parts-of the Fluid, were elaftic; whence,
i the Velacity; and Diameter ‘of the Cylinder be
knows,! and: alfo .the Denfity of the Fhiid, there
would thence :he. determined. the Quantity of Mo-
tion communicated to the Fluid, which (A&ion
and Re-adion being equal) is the fame with the
Quantity doft; by the :Cglipdt,r,‘ confequently the
Refittance would be hereby afcertained.

« Tn this kind  of difcontinued Fluid, shie Particles
eing detached from each other, every one of them
can purfue its own Motion in any Dire&ion, at leaft
for fome time, independent of the neighbouring
eResy wherefore, if, inftead of a Cylinder moving
in the Diretion of its Axis, a Body, with a Suc-
ace obligue.to: its Direttion, be fuppofed to move
in.fuch a Floid, the, Motion the Parts of .the Flud
will hereby acquire, ‘will not be in the Dire€tion of
the refifted, Body, but perpendicular to its oblique
Surface ; whenge. the Refiftance to fuch a Bady will
‘not-be eftimated from the whole Motion communi-
cated to the. Particles of the Fluid, but from that
Part of .it only, which is in the Direction of the re-
{ited Body. In Fluids then, where the Parts arg
thus difcontinued from each other, the differene Ob-
Jiquities of that Surface, which goes foremoft, will
occafion confiderable Changes in the R efiftance, altho’
the Section of the folid by a plain Perpendicular toits
Direétion fhould in all Cafes be the fame, And Sir

A _ T Tfass
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#fanc Newton has particularly determined, ¢har' in
a Fluid thus conftituted, the Refiftance of -a'Globe
is but half the Refiftance of a Cylinder of the
fame Diameter, moving in the Dire&tion of its Axis
with the fame Velocity. !

But tho' the Hypothefis of a Fluid, thus confti
tuted, be of great Ufe in explaining the Nature of
Rcﬁﬁanccs yét, in reality, no fuch Fluid does exift
within our Knowledge : All theFluids with which we
are converfant are fo formed, that their Particles.
cither lic contiguous to each other; or at leaft aék
on cach other in the fame manner, as if they didg
confequently, in thefe Fluids, no one Particle, con-
tiguous to the refifted Body, can be moved, with-
out moving at the fame time a great Number of
others, fome of which will be diftant from it; and
theMotlon thus communicated to a Mafs of the
Fluid will not be in any one determined Direion,
but will in each Particle be different, according to

 the different Manner in which it lies in Contat with

thofe, from whence it receives its Impulfe 3 whence,
great Numbers of the Particles being diverted into
oblique Dire&ions, the Refiftance of the moving
Body, which will depend on the Quantity of Mo-
tion communicated to the Fluid in its own Direc-
tion, will be hereby different in Quantity, from what
it would be in the preceding - Suppofition, and is
Eftimation  becomes much more complicated and
operofe, 4

If the Fluid be comprefled by the mcumbenr.\

" Weight of its upper Parts (as all Fluids are with

us, except at their very Surface) and if the Velo-
city of the moving Body be much lefs than that
with which the Parts of the Fluid would rufh into
a void Space, in confequence of their Compreflion;
it is evident, that in this Cafe the Space left by the
moving Body will be inftantancoufly filled up by
thc Fluxd and the Part¢ of -the Fluid againft which
: F 3 the
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the foremoft Part of the Body preffes in its Mo-
tion, will, inftead of being impelled forwards in the -
- Direction of the Body, circulate in fome meafure
towards the hinder Part of the Body, thereby to
reftore the Equilibrium, which the conftant Influx:
of the Fluid behind the Body would otherwife de-
ftroy ; whence the progreffive Motion of the Fluid,
and confequently the Refiftance of the Body, which.
depends thereon, would be in this Inftance much
Jefs than in our firft Hypothefis, where each Par-
ticle was fuppofed to acquire, from the Stroke of
the refifting Body, a Velocity equal to that, with
which the Body moved, and in the fame Direc-
tion. Sir [faac Newton has determined, that the Re-
fiftance to a Cylinder moving in the DireCtion of
its Axis, in fuch a comprefled Fluid as we have
here treated of, is but one fourth Part of the Re-
fiftance, which the fame Cylinder would undergo,
if it moved with the fame Velocity in a Fluid con-
ftituted in the Manner, we have defcribed in our
firft Hypothefis, each Fluid being fuppofed to be
of the Denfity. ‘

But again, it is not only in the Quantity of their
Refiftance that thefe Fluids differ, but likewife in
the different Manner, in which they act on Solids of
different Forms moving in them,

We have fhewn, that in the difcontinued Fluid,
which we firft defcribed, the Obliquity of the fore-
moft Surface of the moving Body would diminith
the Refiftance ; but in comprefied Fluids this holds
not true, at leaft not in any confiderable Degree ;
for the principal Refiftance in comprefied Fluids
arifes from the greater. or leffer Facility, with which
the Fluid, impelled by the Fore-part of the Body,
can circulate towards its hindermoft Part ; and this
being little, if at all, affeCted by the Form of the
moving Body, whether it be cylindrical, conical,
or fpherical, it follows, that while the tranfverfe Sec~

ton
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tion of the Body, and confequently the Quantity of
impelled Fluid be the fame, the Change of its Figure
will fcarcely affe@ the Quantity of its Refiftance.

And this Cafe, that is, the Refiftance of a com-
prefled Fluid to a folid, moving in it with a Velo.
city much lefs than what the Parts of the Fluid
would acquire from their Compreflion 5 this Cafe,
1 fay, has been very fully confidered by Sir Zfaac
Newton, who has afcertained the Quantity of fuch
a Refiftance according to the different Magnitudes
of the moving Body, and the Denlity of the Fluid.
But he very exprefsly informs us, that the Rules he
has laid down are not generally true, but upon a
Suppofition that the Cone/prclﬁon of the Fluid be
increafed in the greater Velocities of the moving
Body: However, fome unfkilful Writers who
have followed him, overlooking this Caution, have
.applied his Determinations to Bodies moving with
all kinds of Velocities, without attending to the
different Compreffions of the Fluids they were re-
fited by ; and by this Means they have accounted
the Refiftance of the Air to Mufket and Cannon-fhot .
to be but one third Part of what 1 have found it .
by Experience.

Indeed, from all we have faid, it appears plain
enough, that the refifting Power of the Medium
muft be increafed, when the refifting Body moves fo
faft, that the Fluid cannot inftantaneoufly prefs in
behind it, and fill the deferted Space; for when
this happens, the Body will be deprived of the
Preflure of the Fluid behind it, which in fome
meafure ballanced its Refiftance, and mutt fupport
on its Fore-part the whole Weight of a Column of
the Fluid, independant of the Motion it gives to
the Parts of the Fluid; and befides, the Motion in
the Particles driven befote the Body is, in this Cafe,
lefs affeted by the Compreffion -of the Fluid, and
confequently they are lefs defle@ted from the Di-

Fs keftion
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retion in which they are impelled by- the refifted
Surface 3 whence this Species of Refiftance ap.
proaches more and mare to that defcribed in our
firft Hypothefis, where each Particle of the Flmd
being unconnected with the neighbouring ones, ..
purfued its own Motion, in its own Direction, with-
out being interrupted or defle@ted by their Conti-
guity ; and therefare, .as we befaore obferved, thag
the Refiftance of a dxfcommucd Fluid to a Cth«
der, moving in the Diretion of its Axis, was four
times greater than the Refiftance of a Fluid fuffici-
ently compreffed of the fame Denfity, it follows,
that the Refiftance of a Fluid, when a Vacuity is
Jeft behind the moving Body, may be near four
times greater than that of the fame Fluid, when
1o fuch Vacuity is formed ; for when a void Space
1s thus left, we have fhewn the Refiftance to approach
in its Nature to that of a difcontinued Fluid.

This then may probably be the Cafe jn a Cy-
Yinder moving in the fame compreﬁkd Fluid, ac-
cording to the different Degrees of its Velocity 5 fo
that if it fet out with a great Velocity, and moves
in the Fluid ull that Velocjty be much diminifhed,
the refifting Power of the Medium may be ' near
four times greater in the Beginning of its Monon
than in the End. In a Globe the Dxﬁ'erence will not
be fo great, bccauf:, on account of its obhquc Sur-
face, its Refiftance in a difcontinued Medium’is bug
abour twice as much 2s in one properly compreffed ;
for its oblique Surface diminithes its Refiftance m
one Cafe and not in the other: however, as the
Compreflion of the Medium, even when a Vacuity
is left behind the moving Body, may yet confing
the oblique Motion of the Parts of the Flund which
" are driven before the Body, and as. in an elaftic

Fluid (as is our Air) there will be fome Degree of
Condenfation in thofe Parts, it is hlghly probab]c,
‘that the Rcﬁﬁancc of R Glgbe moving in a com-
: ‘ A g preﬁ”cd,
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prefled Fluid with 2 very great Velocity, will be
between that of a Globg'and of a Cylinder, in a
difcontinued Medium ; that is, (in Proportion to its
Velocity) we may fuppole it to be more than twice,
and lefs than four times the Refiftance of the fame
Globe, moving flowly through the fame Medium ;
whence; perhaps, we fhall not much err in fuppofing
the Globe in its fwifteft Motions to he refifted near
three times more, in Proportion to its Velocity, than
when It is-floweft, . .

_ And as this Increafe of the refifting Power of
the Medium will take Place, when the Velocity of
the moving Body is fo great, that 3 perfect Vacuity
is lefc behind it, fo fome Degree of Augmentation
wil] be fenfible inVelocities much fhort of this ; for
even when, by the Compreflion of the Fluid, the
Space left behind the Body is inftantaneoufly filled
up, yet if the Velocity, with which the Parts of the
Fluid ruth in behind, is not much greater than that,
with which the Body moves, the fame Reafons we
have urged above, 1n the Cafe of an abfolute Va-
cuity, will hold in a lefs Degree in this Inftance;
. and therefore we are not to fuppofe, that the in-'
creafed Refiftance, which we have hitherto treated
of, immediately vanifhes, when the Compreffion of
the Fluid is juft fufficient to prevent a Pacuum be-
hind the refifted Body; but we muft confider it as
diminifhing only, according as the Velocity with
which the Parts of the Flyid follow the Body, ex-
ceeds that with which the Body moves.

" Hence then we conclude, that if a- Globe fess
out in a refifting Medium, with a Velocity much
- exceeding that with which the Particles of the Me-
dium would rufh into a void Space, in confequence
of ‘their Compreflion, fo that a Pacuum is neceffa-
rily left behind the Globe in its Motion, the Re-
fiftance of this Mediym to the Globe will be near
three times greater, in Proportion to its Velocity,
than what we are fure, from Sir Jfaac Nf:wtaln(i
. e e 208 wou
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would take Place in a flower Motion. We may
farther conclude, that the refifting Power of the
Medium will gradually diminith, as the Velocity
of the Globé decreafes, till at laft, when it moves
with Velocitics, which bear but a {mall Praportion
to that, with which the Particles of theMedium fol~
low it, the Refiftance becomos the fame with what
is affigned by Sir Jfasc Newton in the Cafe of a
comprefled Fluid. -

And from this Determination we may learn, how
falfe that Pofition is, which aflerts the Refiftance .
of any Medium to be in the duplicate Proportion
of the Velocity of the refifted Body ; for it plainly
appears, by what we have faid, that this can only
be confidered as nearly true in fmall Variations of
Velocity, and can never be applied in the compa-
ring together the Refiftances to all Velocities what-
ever without the moft enormous Errors.

Thefe Principles being laid down, we fhall next

. proceed to an experimental Examination of the Re-
fiftance of theAir in particular, both in order thence
to evince how nearly thefe Speculations agree to
the real obferved Action of Fluids, and likewife to
fhew, how cgregioufly all thofeT heorifts have been
miftaken, who have conceived, that the Refiftance
of the Air to Shells and Shot of all kinds was
fcarcely worthy of Attention.

PROP IL

To determine the Refifiance of the Air to Pro-
Jetiles by Experiments.

Y Means of the Machine defcribed in the 8th
Propofition, I have it in my Power to deter-
mine the Velocity, with which a Ball moves in any
Part of its Track, provided I can dire¢t the Piece
fo as to caufe the Bullet to impinge on the Pcr;du. |
um
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lum placed in that Part 3 and therefore charging &
Mufket-batrel three times fucceflively with a leaden
Ball of 3 of an Inch Diameter, and about half its
Weight of Powder, and taking fuch Precaution in
the weighing of the Powder, and placing it, that
1 was affured, by many previous Trials, that the
Velocity of the Ball could not differ by 20 Feet in
1¥ from its Medium Quantity, I fired it againft the
Pendulum placed at 25 Feet, at 75 Feet, and at 125
Feet Diftance from the Mouth of the Piece refpec-
tively; and I found that it impinged againft the
Pendulum in the firft Cafe with a Velocity of 1670
Feet in. 17, in the fecond Cafe with a Velocity of
1550 Feet in 1¥, and in the third Cafe with a Ve-:
locity of 1425 Feetin 17 ; {o that in paffing thro’
50 Feet of Air, the Bullet Joft 2 Velocity of about
120 or 125 Feet in 1#; and the Time of its paffing
thro> that Space being about & or % of 17, the
Medium ‘Quantity of Refiftance muff, in thefe In-
ftances, have been about 120 times the Weight of
the Ball, which (as the Ball was nearly X of 2
Pound) amounts to about 101lb. Avoirdupoife,

. Now if a Computation be made according to
the Method laid down for comprefied Fluids in the
38th Propofition, Lib. 2. of Sir [fasc Newton's
Principia, fuppofing the Weight of Water to be to
the Weight of Air, as 850 to 1, it will be found,
that the Refiftance to a Globe of : of an Inch Dia-
meter, moving with a Velocity of about 1600 Feet
in 17, will not, on thofe Principles, amount to any
more than a Force of 4 ¢ Ib. Avoirdupoife ; whence,
as we know, that the Rules contained in that Pro-
jpofition are very accurate in flow Motions, we may

ence conclude, that the refifting Power of the Air
in flow Motions is lefs than in fwift Motions in the
- Ratio of 4} to 10, a Proportion between that of
2192 and xt0 3. '

: Agafn,
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‘Again, I charged the fame Piece, a Number of

- times, with equal Quantities of Powder, and Balls,

of the fame Weight, taking all pofilble Care to
give to every Shot an equal Velocity ; and fring
three times againft the Pendulum, placed 25 Feet
only diftant from the Mouth of the Piece, the
Medium of the Velocities with which the Ball im-
pinged, was nearly that of 16go Feet in 17: Then
removing the Piece 175 Feet from the Pendulum,
I found, taking the Medium of five Shots, that the
Velocity, with which the Ball impinged at this Dif-
tance, was that of r3oo Feet in 17; whence the

+ Ball, in paffing through 150 Feet of Air, loft a

Velocity of about 390 Feetin 1%; and the Refif-
tance computed from thefe Numbers eomes out
fomething more than in the preceding Inftance, i
amounting here to between 11 and g2 Pounds,
Avoirdupoife ; whence, according ‘to thefe Expe-
riments, the refifting Power of the Air ¢o fwift Mo-
tions is greater than in flow ones in a Ratio which
approaches nearer to the Ratio of 3 to 1, than in

-the preceding Experiments.

_ Having thus aicertained the Refiftance to a Ve-
locity of near 1700 Feet in 17, which mauft be al-
Jowed to be more than fufficient for leaving a
Vacuum behind the Ball, I next examined the Re-
fiftance to fmaller Velocities ; and for this Purpofe
1 charged the fame Barrel with Balls of the {ame
Diameter, but with lefs Powder ; and placing the
Pendulum at 25 Feet Diftance from the Piece, I
fired againft it five times with an equal Charge
each time; the Medium Velocity, with which the
Ball impinged, was that of 1180 Feet in 17 then
removing the Pendulum, to the Diftance of 250
Feet, the Medium Velocity of five Shots made at
this Diftance was that of 950 Feet in 17; whence
the Ball, in paffing through 225 Feet of Air, loft
a Velogity of 230 Feet mn 17; and as it paffed

Co through
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through that Interval in about & -of 17, the Refif-
rance to the Middle Veleeity: will come out to be
near 33 . times the Gravity of the Ball, or 2 It
10 o0z. Avoirdupoife. Now the Refiftance: to the
fame Velocityy according to the Laws obferved is
Howet Motions, amounts ta % of the fame Quan-
tity ; whence, in a Velocity of 1065 Feet in 1,
the refifting Power of the Air is avgmented :in 2e
greater a Proportion than that of 7 to 11 ; whareas
we have feen in the former Experimems, that o
ftill greater Degroes of: Velocity, the Augmentation
approached very near to the Ratio of rto 3.
Buc farthery F fired three Shot, of the fame Size
and Weight with thofe already mentioned, over a
- large Picce of Water; fo that their dropping inte
the Water being very difcernable, beth the Diftance
and Time of their Flight might be accurately. afs
certained ;. each Shot was difcharged with a Velo.
eity of 400 Feet in 175 and [ had fatisfied myfelf;
by many previous Trials of the fame Charge with
the Pendulum, that 1.could rely on this Velocity
to 10 Feet'in 1. The firft Shot flew 313 Yards
in 477, the fecond flew 319 Yardsin 4', and the
third 373 Yards in 5% I, ‘According to the Theor
of Refiftance eftablifhed for flow Motions, the fir
Shet aught ta have fpent no more than 3%, 2, in its
Flight, the fecond 37,28, and the third 4# 3 whence
it is evident, that every.Shot was retarded confide-
rably more than it ought to have been, had that
Theory taken Place in”ita Moation ; confequently,
the refiting Power of the Air is very fenfibly in-
ereafed, ‘even in fo’{ggall a Velocity as that of 400
Feetr in 1. e
From all that we haye related then, it appears,
that the Theory of the Refiftance of the Air, efta-
blithed in flow Motiens by Sir /fzac Newton, and
confirmed by many- Experiments, is altogether cr-
roneous, when applied to the Iwifter Motons of
, T ) Mufket
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Mufket or Cannon-fhot ; for that, in thefe Cafes,
. the refifting Power of-the Medium is augmented
to near three times the Quantity affigned by that
Theory ; that, however, this increafed Power of
Refiftance diminifhes as the Velocity of the refifted
Body diminifhes, till at length, when the Motion
is fufficiently abated, the actual Refiftance comcides
with that fuppafed in the Theory; that therefore
the Refiftance is not in the dup)icate Proportion of
the Velocity of the moving Body, as is ufually af
ferted, but varies from that Proportion according
to the different Compreffion of the Fluid compared
with the Velocity ; confequently, from the Confi-
deration of thefe Particulars, we may venture to
wffert, that whilt the Refiftance of the Air was
thus imperfeétly and faultily conceived, the Track
of Muiket and Cannon-fhot through that Medium
could not be afcertained with -the leaft Degree of
Certainty 5 and therefore the Art of Gunnery could
not but continue extremely imperfect: However, it
is not fufficient to have fhewn the Refiftance w be
augmented in great Velocities, beyond what has
been ufually fuppofed ; for, that we may be enabled
more definitely to compute the Motion of Projec-
tiles, it is neceflary that we fhould affign the Rate
-of this Augmentation according to the different Ve-
locities of the refifted Body. This fhall be the Sub-
& of our next Propofition. ’

PROP IL

To affign the different Augmentations of the
refifting Power of tbe Air according to the
different Velocities of the refified Body., '

4 S no large Shot are ever projeéted in Practice
A with Velocities exceeding that of 1700 Feet
in 1*, I have not as yet made any Experiments on
: thy



(79 )

the Refiftance of Bodies which have moved with

a {wifter Motion than this, efteeming ®e Determi-

nation of the Variation of the Refiftance to all lef-

ferVelocities, to be fufficient for the Purpofes of this -
Treatife.

According to the Trials I have made, the refift-

ing Power of the Air to Velocities lefs than that of
1700 Feet in 17, may be thus nearly exhibited.

3 e 1
=) 4 -1

A € B D

Let AB be taken to A C in the Ratio of the Ve-
locity of 1700 Feet in 17, to the given Velocity to
which the refifting Power of the Air is required ;-
continue the Line AB to D, fo that BD may be
to AD, as the refifting Power of the Air to flow
Motions is to its refifting Power to a Vejocity of
1700 Feet in 1v, then fhall CD be to AD, as
the refifting Power of the Air to flow Motions is
to its refifting Power to the given Velocity repre.
fented by A C.

PROP 1V

To determine the Velocities with which Mufket

 and Cannon-fbot are difcharged from their
refpective Pieces by their ufugl Allotment of
Powder. '

ROM the Computations of the yth Propo-
F fition of the 1ft Chapter, confirmed by the
fucceeding Experiments, it plainly appears, that a
leaden Ball of 3 of an Inch in Diameter, and weigh-
ing nearly 1 } oz. Avoirdupoife, ;if it be Hred
from a Barrel of 45 Inghes in Length, with half
its Weight of Powder, will iffue from that Piece

o - E with
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with a Velocity which, if it were ‘uniformly canti-
nued, would carry it near 1760 Feet'in 17,

1f inftead of a leaden Ball an Iron one of the fame
Diameter was placed’ in the fame Situation in the
fame Piece, and was impelled by the fame Quan-
tity of Powder, the Velocity of fuch an Iron Bullet
would be greater than that of the leaden one, in
the fubduplicate Ratio of the {pecific Gravities of
Lead and Iron ; and fuppofing that Ratio to be as
3 to 2, and computing on the Principles laid down
~ 1n the laft-cited Propofition, it will appear that an
Iron Bullet of 24 1b. Weight, fhot from a Piece of
10 Feet in Length, with 161b. of Powder, will
acquire from the Explofion a Velocity’ which, if
uniformly continued, would carry it nearly 1650
Feet in 1 7. '

This is the Velocity which, according to our
Theory; a Cannon-ball of 24 Ib. Weight is dif-
charged with, when it is impelled by a full Charge
of Powder ; but if, inftead of a Quantity of Pow-
der weighing two-thirds of the Ball, we fuppofe
the Charge to be only half the Weight of the Ball,
then its Velocity will, on the fame Principles, be
no more than at the Rate of 1490 Feet in 17 ; and
the fame would be the Velocities of every leffer
Bullet, fired with the fame Proportiens of Powder,
if the Lengths of all Pieces were conftantly in the
fame Ratio with the Diameters of therr Bore: And
altho’, according to the ufual Dimenfions of, the
fmaller Pieces of Artillery, this Proportion does -
not always hold, yet the Difference i3 nidt confider-
able enough to occafion a very greatVariation from
the Velocities here afligned ; as will be: obvious o
any one, who fhall make a Computation thereon.

But in ‘thefe Determinations, . we fuppofe the
Windage to be nd more, -than is juft neccfiary fog
the eafy putting down the Ballet ; whereas, in feal
Service, either through Negligence or Unikifulnefs,

: - it
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it often happens, that the Diameter of the Bore fo
much exceeds the Diameter of the Bullet, that great
Part of the inflamed Fluid efcapes by its Side
whence the Velocity of the Shet; in this Cafe, may
be confiderably lefs than what we have affigned;
However, Part of this may poffibly be compen-
fated by the greater Heat, which (as we have -ob-
ferved n the 6th Propolfition) in all Probability at«
tends the firing of thefe large Quantities of Pow+
_der.

. COROLLARY
- From the great Velocity of Cannon-fhot affigned
m this Propofition we may clear up that Difficulty.
which has driven fome Writers, on the common
Theory of Gunnery, into a very extraordinary
Hypothefis. The Difficulty, I mean, is the Extent
of the fuppofed point-blank Shot, or the Diftance -
to which it is conceived to fly in a ftraight Line..
Our Anderfon having found, by manyExperiments;.

that the Track -of Shells and Bullets, in the hrit

Part of their Motion, was much lefs incarvated,

than what it ought to be on the Principles of Gaii-

des, when compared with the diftantRanges, he fup-

pofed, in order to reconcile this Circumftance with

his Theory, that every Shiot was impelled to a cer-

tain Diftance from the Mouth of the Piece, in 2

ftraight Line, or that for fome Diftance it was ro

waysaffected by the Action of Gravity: By this

Means he defended, as he thoughr, the Hypc thelis

of a parabolic Motien, and aethe fame time af-
fented to the vulgar Opinion of the praétical Wri-

ters, who, in general; afferted the fame thing. Bur

-coutd’ no’ better Account be given of his Experi-

.ménts, it would yet be unneceffary, I prefume, fors

:mally to confute fo ftrange a Suppolirion as that of
ithe Sufpenfion of the Aétion of Gravity. Indeedy
dnderfas was deceived, by his not knowing how

greadly
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greatly the primitive Velocity of the - heavieft Shot:
1s diminifhed in the Courfe of its Flight by the Re-
fittance of the Air. And the received Opinion of
practical Gunners is not more difficult to account.
for, fince, when they agree, that every Shot flies in
a ftraight Line to a certain -Diftance from the
Piece, which imaginary Diftance they have deno-
minated the Extent of the point-blank Shot, we
need only fuppofe, that within that Diftance, which:
they thus determine, theDeviation of the Path of the
Shot from a ftraight Line is not very perceptible
in their Method of pointing. Now, as a Shot of
44 1b. fired with two-thirds of its Weight in Pow-
der, will, at the Diftance of 500 Yards from the
Piece, be feparated from the Line of its original
Direction, by an Angle of little more than haif a
" Degree; thofe, who are acquainted with the inac~
curate Methods often ufed in the direéting of Can-
non, will eafily allow, that fo fmall an Aberration
as this may, by the generality of Praétitioners, be
unattended to, and the Path of the Shot may cons
fequently be deemed a ftraight Line, efpecially as
other Caufes of Error will often intervene, much
greater than what arifes from the Incurvation of this
Line by Gravity. ‘ ‘ :

In the prefent Propofition, the Velocity of :d
Shot is determined, both when fired with two-thirds
of its Weight of Powder, and with half its Weight
of Powder, refpeftively ; and, on this Occafion, I
muft remark, that on the Principles of the Theory,
which we have afcertained in this Treatife, -the ins
creafing the Charge of Powder will increafe the
Velocity of the Shot, till the Powder arrives at 2
certain Quantity ; after which, if the Powder be
increafed, the Velocity of the Shot will diminifh,
“The Quantity producing the greateft Velocity, and’
the Proportion between that greateft Velocity and
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the Velocity tommunicated by greater and lefler
Charges, may be thus affigned: - |

¢{ L\

(e

A I D 1 B

* Let AB reprefent the Axis of the Piece; draw
AC dicalar to it, and to the Afymptotes
AC aﬁ A B, defcribe any Hyperbola L. F, and
draw B F Parallel to AC; find out now the Point -
D, where the Reftangle ADEG is equal to the
Hyperbolic Area DEFB, then will A D reprefent
that Heighth of the Charge, which communicates the
greateft Velocity to the Shot; whence A D being
to AB, as 1 to 2,71828, as appears by the Table
of Logarithms, from the Length of the Line AD
thus determined, and the Diarneter of the Bore, the
uantity of Powder contained in this Charge is
ily known, ’ ‘
It, inftead of this Charge, any other filling the
Cylinder to the Heighth AT be ufed, draw IH
Parallel to AC, and through the Point H, to the
fame Afymptotes A C and AB, deferibe the Hy-
perbola H K 5 then the greateft Velocity will be to
the Velocity communicated by this Charge AL in
the fubduplicate Proportion of the Reftangle A E,
to the fame Refangle diminithed by the trilinear
Space HKE. All this eafily follows from the
Principles laid down in the 7th Propofition of the

ift Chapter,
o G2 . PROP.
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_PROP. V. -

When a Cannon-Ball of 241b. Weight. fired
_ with a full Charge of Powder, firft iffues
from the Piece, the Refiffance of the Air on
sts Surface amounts to more than’ twent
times its Grauvity. ‘

OR we have fhewn, in the fecond Propofi-
F tion of the prefent Chapter, that the Refif-
tance of the Air on’ the Surface of a Bullet of 2 of

Inch Diameter, mowing with a-Velocity of 1640
;gct in 17, amounted to 10 Jb. Now. we have
feen, in the laft Propofition, that an Iron Bullet
weighing 2 1b. if fired with 161b. of Powder,
(which is ufually efteemed its proper battering
Charge) acquires a Velocity of about 1650 Feet in
1 ¥, {carcely differing from the other ; whence, as
the Surface of this laft Bullet is more than fifty-four
times greater than the Surface of a Bullet of £ of
an Inch in Diameter, and their Velocities are nearly
the fame, it follows, that the Refiftance on the

JargerBuller will amount to more than 5401b, which'

is near twenty-thrée times its own Weight, |

SCHHOLIUM .. -+

: . We have obferved, in the Introduction, thati the.

‘Thearifts - who have profefledly written on the Sub-.
Je€& of Gunnery, have generally agreed in fuppo-

“{ing the Flight ot Shot and Shells to be pearly in.

the Curve of a Parabolay and it is againft this.

- Hypothefis that the two laft Propofitions are parti-,

calarly aimed. . , : o
For the Reafon, which has been given by thefe
QAuthors, in Suppor  of their Opinion, is the fup-
pofed
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“pofed inconfiderable Refiftance of the Airs fince,
ws it is agreed on all Sides, that the Track of Pro-
jectiles would be a Parabola, if there was no Re.
“fiftance, it has from hence been- too rathly con-
~cluded, that the Interruption, which the ponderous
- :Bodies of Shells and Bullets would receive from fo
rare a Medium as the Air, would be fcarccly fen-
fible, and confequently that their parabelic Flight
.would be hereby fcarcely affefted, ;
¢ Now the prodigious Refifkance of the Air to a
Buller of 24 1b. Weight, fueh.as we have here efta-
:blithed it, fufficiently eonfutes this Reafoning; far
-how erroneous muft that Hypothefis be, which neg-
Je&s asinconfiderable a Force, whieh amounts tb
more than twenty times the Gravity of the moving
Body? However, we fhall not content ourfelvds
‘with having demonftrated the Recality andQuantity
-of the Air’s. Refiftance, but-we fhall proceed to 4
.more particular Examination of the Flight of Bodies
.in that Medium, where we fhall evince, by many
Experiments, how greadly.the Track, defcribed by
almoft ‘every Projettile, deviates in every Circum-
ftance from what it ought to be  on the generally.
-received Principles; Bue, firft, it is neceffary to akt
fume a few Particulars, the Demonftrations of which
may be found in almoft every Writer on the com-
amon Theory of falling Bodies. S
Poft. 1. 1f the Refiftance of the Air be fo
Amall, - that the Motion of a proje@ted Rody
be in the Curve of a Parabola, then the Axis of
‘that Parabola will be perpendicular to the Horizon,
:and- confequently. the Part of the Curve, ia which
;the Body -afcends, will be equal apd fimilar tothay
gn which it defcends, . . . ot

Pofi. 2. If ‘the Parabols, in which -the .Body
moves,be terminated on a horizontalPlain, then the
Nentek & the Parabola will be equally diftant from
its two Extremities. ,
G 3 Pk
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- Pof. 3: Alfo the moving Body will fall on that
horizontal Plain in the fame Angle and the fame
.Velocity with which it was firft projected. :
 Pof.4. If a Body be projected in different
. Angles, but with the fame Velocity, then its greas-
.eft horizontal Range willbe, when it is projeQed
.in an Angle of 45° with the Horizon,
 Poft. 5. If the Velocity, with which the Body is
projected, be known, then this greateft horizontal
~ Range may be thus found : Compute, according to

. the common Theory of Gravity, what Space the
.projeted Body ought to fall through to acqui
the Velocity with which it is projeéted, then ewice
that Space will be the greateft horizontal Range,
or the horizontal Range, when the Body is pro-
jefted in an Angle of 45° with the Horizon.

Pof. 6. The horizontal Ranges of a Body,
when projected with the fame Velocity, at different
_Angles, will be between themfelves, as the Sines
of twice the Angle, in which the Line of Proje&ion

. -3s inclined to the Horizon.

. Poft. 5. If a Body be projetted in the fame
_Angle with the Horizon, but with different Velo-
cities, the horizontal Ranges will be in the dupli-
cate Proportion of thofe Velocities. v

. Thefe Poftalates coptain the Principles on which
the Motions of Projeétiles are computed by the
modern Writers on the Art of Gunnery.

If any of thefe Poftulates kold not true, when
applied to the Motion of a Projectile, then .that
Projectile deviates in its Flight from a parabolic
Track ; we fhall therefore effeCtually deftroy the
common Theory . of Projectiles, if we can fhew,
that in general none of thefe Poftulates correfpond
to the obferved Motion$ of thofe Bodies.

PROP.
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PROP VI

be Track deferibed by the Flight of Shot or

~ Shells is neitber a Parabola, nor nearly a
Parabolay unlefs they are projected with fmall
Velocities. o

OR we have determined, in the fourth Pro-

pofition of the prefent Chapter, that a Mufket-
ball 3 of an Inch in Diameter, fired with half its
Weight of Powder from a Piece 45 Inches long,
moves with a Velocity of near 1700 Feet in 17,
Now, if this Ball lew in the Curve of a Para-
bola, its horizontal Range at 45° would be found,
by the fifth Poftulate, to be about 17 Miles. Now
all the pra&ical Writers affure us, that this Range
is really fhort of half a Mile. Diego Ufano al~
figns to an Arquebufe, 4 Feet in Length, and car-
rying a leaden Ball of 1} o0z. Weight (which is
very near our Dimenfions) an horizontal Range of
797 common Paces, when it is elevated between
40 and 50 Degrees, and charged with a Quantity.
of fine Powder equal to the Weight of the Ball,
Merfennus too tells us, that he found the horizon-
tal Range of an Arquebufe at 45° to be lefs than
400 Fathom, or 8oo Yards; whence, as either of
thefe Ranges are fhort of halt an Englifp Mile, it
follows, that a Mufket-fhot, when fired with a
reafonable Charge of Powder, at an Elevation of
45° flies not the % Part of the Diftance it cughe
to do, if it moved in a Parabola,

Nor is this great Contraction of the horizontal
Ragge to be ‘wondered at, when it is confidered,
that the Refiftance of this Bullet, when it firft iffues
from the Piece, amounts to 120 times its Gravity, .
as bas been experimentally demonftrated in the

fecond Propofition of the prefent Chapter,
o - G % Agpin,



(88 )

Again, left it fhould be faid, that this Aberras
tion of .the Flight of 2 Mufket- ball ffom the Curve
of a.Parabola is no Proof; but that heavier Sh
whofe Refiftance is much Jefs in Proportion to the

Weighr, may fufficiently coincide with the co,m- ‘

mon Hypothefis ; .our next Inftance fhall be in an
Iron Builet of 241b. Weight, which is the heaviett
in common Ufe for Land Service. Such 3 Bullet,
fired from a Piece of the cuftomary Dlmcnﬁons,
with its greateft Allormcnr of Powder, has a Velo-
city of 1650 Feet im 1#, as we have determined in
the fourth Propofition of the prefent Chaptcr Now
if the horizontal Range of this Shet, at 45¢
computed on the parabohc Hypothefis by the i‘.lfth
Poftutate, it will come out to be about 16 Miles,
whlch is betwecn five and fix times its real Ogan-
nty; 'tot the practical Writers all agree in making
it lefs than three Miles: And St. Remry informs us:
of fome Expenments made by Mr. Dz Metz, in
whxch the Range, at 45°, of a Piece ten Feet in
Length, carrying a Balf of 24 1b. and charged
with 16 lb. of Powder, was 2250 French Fathom,
which is 222 Fathom ﬂwort of three Miles; confe-
quently an Iron Bullet of 24 b, chght, when im-
lled with its full Aflotment of Powder, flies nat,
At 45° to the fifih Parg of the Diftance which it
ought to do, if it defcribed the Curve of a Para~
bola.
" Bat farther, it is not only! when Pro;eéhlcs are
moved with :hcfc very great Velocities, that their
Flight fenfibly varies trom the Cyrve of a Parabo.

la; the fame Aberration. often takes place in fuch’

as move flow enough to have their Motion ‘traced
out by the Eye; for there gre few Projettiles, that
¢an be thus examined, which do not vifibly difagree
with the firfl, fccond and third Poftulate, they
pbvioufly dcﬁcndmg throuoh a Curve which 13
ﬂxortcr and kfs m.lmcd to the Horizon than that
) in
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in which they aftended 5 alfo the higheft Point of
their Flight, or the Vertex of the Curve, is much
nearer to the Place, where they fall on the Ground,
than to that from whence they were at firft difs
charged. Thefe Things cannot be a Moment
doubted of by one, who ina proper Situation views
the Flight of Stones, Arrows or Shells thrown to
any confiderable Diftance. i
I have found too by Experience, that thc ‘fifth,
fixth and feventh Poftulates are cxceflively errone-
ous, when applied to the Motions of Bullets mo-
ving with fmall Velocities : .A leaden Bullet } of an
Inch in Diameter, difcharged with a Velocity of
about 400 Feet in 57, and in an Angle of 19°: 5,
with the Horizon, ranged on the horizontal Plane,
no more than 448 Yards; whereas its greateft ho-
rizontal Range being found by the fifth Poftulate
w0 be at Jeaft 1700 Yards, the Range at 19°: 5¢
ought, by the fixth Poftulate, to have been 1050
Xards; whence, in this Experiment, the Range
was not 3 of what it muft have been, had the coms
mon-rectived Theory been true,
- Again, a Ball was fired with the fame Velocity
as in the laft Experiment, but at an Elevation of
9°:45 !, its horizontal Range was at a2 Medium
330 Yards,
Now this Range, according to the fifth and fixth
Poftulates, (if its original Velocity be confidered)
fhould have been 566 Yards. But if it.were to be
deduced from the laft Experiment, by Means of
-the fixth Poftulate, it fhould have been no morg
than 241 Yards ; either of which Numbers are ex-
tremely diftant from 330.
- Again, a Ball being fired at an n Elevation of 8 %
but with a Velocity of . 700 Feet in 17, the hori
zontal Range at a Medium was 69o Yards.

But computing this Range from the original Ve~
1ocuy of the projetted Body, according ta the ﬁ(tg
an
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and {Txth Poftulates, we fhall find, that if the Theo~
ry, on which thofe Poftulates are founded, could be:
relied on, the Range.in the prefent Inftance ought.
to have been 1400 Yards; whence it appears, that
the Body flew not to halt the Diftance which, had
i moved in a Parabola, it ought to have done.
: . Again, a Ball being fired with the fame Velocity-
as in the laft, but at an Elevation of 4°, its hori-.
zontal Range was 600 Yards.

Now this Range, if deduced from the laft Ex-
periment by the fixth Poftulate, fhould not have
been more than 350 Yards; hence then is evinced
the Falfity of that Poftulate, and confequently of
the parabolicHypothefis, on which it is founded.,

. Having thus proved, that the Track defcribed
by the Flight,even of the heavieft Shot, is neither
. a Parabola, nor-approaching to a Parabola, except
" when they are projeéted with very fmallVelocities ;
we fhall refer to a fecond Part, a more diftin&
Explication of the Nature of the Curve which thefe
Bodies really trace out in their Motion through the
Air: But, as a Specimen of the ‘great Complication
of that Subje&, I fhall here infert an Account of a
very extraordinary Circumftance, which frequently
takes Place therein. ’ ' B
As Gravity acts perpendicularly to the Horizon,
it is evident, that if no other Power but Gravity
defletted a proje¢ted Body from its rectilinear
Courfe, its Motion would be conftantly performed
in a Plane perpendicular to the Horizon, paffing
through the Line of its original Diretion: Butr we
have found, that the Body in its Motion often de+
viates from this Plane, fometimes to the Rights
hand,’ and at other. times to the Left; and this in
an incurvated Line, which is° convex towards that
Plane ; fo that the Motion of a Bullet is frequently
in a Line, having a double Curvature, it being
bent towards the Horizon by the Force of Gravity,
_ and
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and again bent dut of its original Direftion to thd
Right or Left by the A&ion of fome other Force:
In this Cafe no Part of the Motion of the Bullet.is
performed in the fame Plane, but its Track will lie
in the Surface of a kind of Cylinder, whofe Axis
is perpendicular to the Horizon. "The Truth of
" this Affertion we fhall evince by indifputable Ex-
periments, ' : )

PR OP. VIL

Bullets in their Flight are not only depreffed
beneath their orsginal Direétion by the Attion

© of Gravity, but are alfo frequently driven

" -#o the Right or Left of that Direction by the
ACtion of fome other Force.

Y F it was true, that Bullets varied their DireGion
by the Action of Gravity only, then it ought
to happen, that the Errers, in their Flight to the
Right or Left of theMark they were aimed at;
thould increale in the Proportion of the Diftance
of the Mark from the Piece only : But this is con-
trary to all Experience; the famePiece, which will
carry its Bullet within an Inch of the intended
Mark, at 10 Yards Diftance, cannot be relied on
to 10 Inches in 1oo Yards, much lefs to 30 Inches
in 300 Yards. This Increafe of the Uncertainty
of the Shot in great Diftances, more than in the
Proportion of thofe Diftances, muft have been ob-
ferved by all wha have been at any time converfant:
with the pradtical Part of Artillery. Now this In.
equality can only arife frem the Track of the Bul- -
Iet being incurvated fideways as well as. down-
wards ; for by this Means. the Diftance between
that incurvated Line, and the Line of Dire&ion,
will increafe in 2 much greater Ratio than that of
the Diftance; thefe Lines being coincident at the
< Mouth
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* Mouth of ‘the Picce, and afterwards feparating in
the Manner of a Curve and its Tangent, if the
Mouth of the Piece be confidered as the Point of
Conta&. .

But that thofe, who have not been themfelves ac-
cuftomed to thefe Martters, may entertain ne
Doubt about what we here affert, I fhall recite fome
Experiments, I have made, which will put theMat-
ter out of all Queftion.

1 took a Barre{ carryjng a Ball of 1 of an Inch
Diameter, and fixing it on a heavy Carriage, I fa-
tished myfelf of the Steadinefs and Truth of its
Dire&ion, by firing at a Board 1 : Foot fquare,
which was placed at 180 Feer Diftance; for I.
found, that in 16 fucceflive Shot I miffed the Baard
but once. Now the fame Barrel being fixed on the
fame Carriage, and fired with a fmaller Quantity
of Powder, fo that the Shock on.the Difcharge
would be much lefs, and confequently the Diree-
tion lefs changed, I found, thatat 760 Yards Difx
tance, the Ball flew fometimes 100 Yards to the
Right of the Line it was pointed on, and at other-
times 100 Yards to the Left. I found too, that
its Direction in the perpendicular Line was not lefs
-uncertain, it falling one time above 200 Yards
fhort of what it did at another ; altho’; by the niceft
Examination of the Piece after the Difcharge, it
appeared not to have the leafl ftarted from the Po-
fition it was placed in.

This then fufficiently confirms the Propofition,
fince it was impofiible the Bullet could have fown
in the Manner here defcribed, had not the Line of
jts Flizht been bent round to the Right or Left as
well as downwards. :

SCHOLIUM.
" The Reality of this doubly-incurvated Track ber
ing thus demonftrated, it may perhaps be atked,
What
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‘What can be the Caufe of 2 Motion fo different
from what has beed hitherto fiuppdfed? And ta
this I anfwer, that the Deflection in Queftion muft
be owing to fome Power alting obliquely to the

rogreflive Motion of the Body, which Power can
ge no other than the Refiftance of the Air. If it
be farther afked, How the Aion of the Refiftance
of the Air can 4t any time be in a Line oblique
to the progreflive Motion of the Body ¢ I farther
reply, that it may fometimes arife perhaps from In-
equalities in the refifted Surface, but thar its genéral
Caufe is doubtlefs a whirling Motian .acquired by
‘the Bullet about its Axis; for by this Motion of
Rotation, combined with the progreflive Motion,
each Part of the Bullet’s Surface will ftrike the Air
in a Dire&ion very different from what it would do
if there was no fuch Whirl; and the Obliquity of
the Aétion of the Air arifing from this Caufe will
be greater, according as the rotary Motion of the
Bullet is greater in Proportion to its progrefliva
Motion, ' ‘ ' ]

I have now finithed all that I propofed to deter-
mine in this Place, refating to the Force of Pow-
der and the Refiftance of the Air: But as the
Knowledge of the Refiftance of Solids to the Pe.
netration of Shot is of great Importance in' the prac.
tical Part of Gunnery, efpecially in battering in
Breach, I fhall end the prefent Treatife with
Propofition relating thereto, which s as follows,

. PROP.

-’
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~ PROP. VIIL
If Bullets of the fame Diameter and Denfity
" impinge on the fame folid Subfiance with dif-
- ferent Velocities, they will penetrate that
Subflance to different Depths, which will be
in the duplicate Ratio of thofe Velocities

- nearly.And the Refiftance of folid Subftances
2o the Penctration of Bullets is yniform.

HE fitft Part of this Propofition I have
found to be true in a great Number of Ins
flances ; for when a leaden Bullet, 1 of an Inch in
Diameter, .was fired againft a folid Block of Elm,
with a Velocity of about 1700 Feet in 14, I found
that in a great Number of T'rials it had penetrated
from 4 1 t0 5 1 Inches deep. When a Bullet of the
fame Size was fired againit the fame Block, with
a Velocity of about 730 Feet in 17, its outer Sur-
face was -always near £ of an Inch within the Sur-
face of the Wood, fo that its Penetration was at &
Medium about 1 Inch ; or, if the Cavity be can~
fidered, and reduced to a Cylinder, about ] of an
Inch, and with a Velocity of 400 Feet in 1 #, the
Bullet penetrated the fame Bleck ufually to about

* half its Subftance, which, reduced to a cylindric
'Cavity, is 2 of an Inch in Depth. =

ow 55, 10, 3, are nearly in the duplicaté Pro-
portion of thefe Velocities; whence, if the Pene-
tration to the greateft Velocity be fuppofed 5 Inches,
the Penetration of the others ought by the Propofition

10

~tobe 2and 3 of an Inch refpetively ; and thefe

18

Numbersfcarcely differ from Jand %, whichare what
we have found in our Experiments; a greater Co-
incidence than this cannot be expeted, when the
unequal Texture of the fame Picce of Wood, ar;ld

tae
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the Change of the Form of the Bullet by the Stroke,
are confidered. )
Now, from the Penetration being in the dupli-
cate Proportion of the Velocity of the impinging

" Body, the uniform Refiftance of the Wood is eafily

evinced on the fame Principles, that the uniform
Adion of Gravity is demonftrated, from its com.
municating to falling Bodies Velocities in the du-
, plicateProportion of the Spaces they defcend thro®,
or from the rifing of Bodies when projected up-
wards, to Heights which are in the rg;plicatc Pro-
portion of the Velocities with which they begin to
afcend. ' :

<
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