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PREFACE.

A

BOUT a Twelvemonth ſince, I

had ſome Intentions of exhibit-

ing a public Courſe of Fortifica-

tion and Gunnery: And tho' for

Reaſons not neceſſary to be here mentioned,

I afterwards deſiſted from that Deſign ; yet, as

I had proceeded ſo far as to diſtribute ſome

Manuſcript Copies ofthe Particulars, of which

I propos'd it to conſiſt, I have thereby been in

ſome Meaſure engaged in the preſent Under-

taking.

For, as I had reſolved to render this Courſe

as compleat as I poſſibly could, both by

large Models ofdifferent Fronts of Fortifica-

tion, and their different Attacks, and by an

A2
experimental
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experimental Exemplification of the Precepts

ofGunnery with real Artillery ; I found it ne-

ceffary to infert under this laſt Head a Theo-

ry of the Force of Gunpowder, and certain

Propoſitions relating to the Reſiſtance of the

Air, which I had diſcovered, and confirmed

byExperiments. But theſe Principles being

fetdown in the Schemes, which I delivered

out, as Aſſertions only, without any account

of the Nature of the Experiments madeuſe of

for proving them, and being liable to great

Conteſtation on account of their Inconſiſtency

with all the received Opinions of the Writers

on this Subject ; Ithought it incumbent on me

toclearup in a more particular Manner anyDif-

ficulties, which might have ariſen about them,

and to evince their Certainty by a number of

unqueſtionedExperiments. And this has prin-

cipally given Rife tothe enſuing Treatiſe, in

which theForce and varied Action of Powder

is ſo far determined, that the Velocities ofall

kinds ofBullets impelled by itsExploſion, may

be thence computed, and the enormous Re-

ſiſtance of the Air to ſwift Motions (muchbe-

yond what any former Theories have aſſigned)

is likewiſe aſcertained. And on theſe Prin-

ciples it will appear, that the Original Veloci-

ties of Bullets, when impelledby full Charges
of
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of Powder, and theTrack described by their

Flight, are extremely different from what, the

Writers on theſe Subjects have hitherto ſuppoſed.

As the principal Diſquiſitions of the follow-

ingSheets relate to theForce ofPowder, and the

FlightofShells and Bullets ; it may not perhaps

be unacceptable to the Reader to peruſe a few

Particulars, relating to the Invention of Pow-

der, and the Hiſtory and Improvements of

Gunnery, and its Siſter Art Fortification ; eſpe-

cially as the Nature and Purport of what, we

ſhall hereafter advance, will receive ſome kind

ofIlluſtration, by being compared with the

Opinions, which have formerly prevailed in

theſe Enquiries. And tho' ourimmediateView

is the promoting the Theory and Practice of

Gunnery, yet the preſent Methods of fortify-

ing are ſo connected with the Invention and

Management of Artillery (theſe Arts having

inſome Meaſure givenLaws to each other)

that I prefume a ſhort Recital ofthe Riſeand

Changes of the modern Military Architecture,

will not be impertinently prefixed to an Ac-

count of thoſe powerful Machines, which firſt

gave it Birth . :

WITH regard tothe firſt Invention ofBaf-

tions, there are many Opinions amongstAu-

thors,A 3
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C

thors, it being as yet a Point undecided in

what Place, and at whatTime they were firſt

put in Practice. Some have attributed this In-

vention to Zifca the Bohemian. Others toAch-

met Bashaw, who having taken Otranto in the

Year 1480, fortified it in a particular Manner,

which is ſuppoſed to be the firſt Inſtance of

the Use of Baſtions (a). But theſe are the

Poſitions of later Writers. Thoſe, who wrote

on the Subject of Fortification near two Cen-

turies ago, ſeem to ſuppoſe, that Baſtions

were a gradual Improvement in the ancient

Method of Building, rather than a new

Thought, that any onePerſon could claim the

Honour of. Pafino in particular, in the firſt

Part of his Book, imputes the Changes in the

ancient Fortifications, and the Introduction of

the modern Form, to the increaſed Violence of

the later Artillery, without pretending that it

was effected at one Time, or byone Perſon (6).

:

(a) Vid. The Commentary ofthe Chevalier Folard on

Polybius. Tom 3. pag. 2.

(b) Vid. Discours fur plusieurs points de l'Archi-

tecture deGuerre concernants les Fortifications, tant anci-

ennes que modernes, &c. Par M. Aurelio de Pafino Fer-

rarois, architecte de tres-illustre Seigneur, Monseigneur le

Duc de Buillon. Printedby Plantin 1579. Itappears by

aCopy of Verſes prefixed to the Book, that this Author

fortified Sedan.

So
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So that I believe we cannot with Certainty

affirm more in Relation to the Invention of

Baſtions, than that theywere well known foon

after theYear 1500. For in 1546, Tartalea

publiſhed his Quefiti & inventioni diverſe, in the

fixth Book of which he mentions, that whilst

he refided at Verona (which must have been

manyYears before) he ſawBaſtions ofa pro_

'digious Size ; ſome finiſhed, and others build-

ing; and there is beſides, in the fame Book,

aPlan ofTurin, which was then fortified with

four Bastions, and ſeems to have been com-

pleated ſome time before.

AND tho' we cannot certainly affign the

Time, when the old circularTowers were first

converted into Baſtions, yet in all Probability

it did not long precede the Date, we laſt men-

tioned. For in the ſame Book the Prior of

Barleta, who was himself a Soldier, eſteems

Turin to be impregnable ; and tells us, that

this was the general Opinion of all Men of

*Skill ; he likewiſe makes it a Queſtion, if in

the fortifying of Cities, the Genius of Man-

kind was not arrived at its utmoſt Limits of

Perfection ; which seems to evince that the In-

vention was a recent one ; and that it was

greatly the Object of the Eſteem and Confi-

A4 deration
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deration of his Cotemporaries, as a new Con-

trivanceofthis kind would naturallybe.

10

THE firſt Baſtions, ſuch as thoſe ofTurin,

of Antwerp (a), and others of theſame Age,

were but ſmall, and removed at a great Dif-

tance from each other ; for at that Time it

was the univerſal Practice to attack the Cur-

tain, and not the Bastions. But a few Years

after there were introduced Baſtions much

larger, and much nearer together, than what

had been conſtructed before ; as appearsby the

Citadel ofAntwerp, which was built under

the Direction of the Duke D'Alva, about 1566,

and which by the frequentEncomiums on it

in ſome early Authors, ſeems to have been

the firſt Inſtance ofthis Improvement.

✔ FROM this Period, the modern Practice of

military Architecture may be ſuppoſed to have

taken its Riſe ; moſt of the Improvements of

the preſent Times, being little more than the

putting inuſe ſuch Methods, as were propoſed

within a few Years of this Æra ; for many ce-

lebratedAuthors flouriſhed foon after, as (6) La

Treille,

(a) Antwerp was fortified about theYear 1540, as we

learn from Speckle . Lib. I. chap. 10.

(b) Vid. La Maniere de fortifier Villes, Chaſteaux, et

faire autres lieux forts : mis en François par le Seigneur deBe-
reil
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Treille, Alghisi, Marchi, Pafino, and above all

Speckle, (a) whowas one ofthe greatestGenius's

that has applied to this Art.

THE better to judge of the Pretenfions of

the Moderns, and the Merit of the Syſtems of

Fortification now in vogue, we must enter in-

to a ſhort Dicuſſion of the various Methods,

which have been propoſed for covering the

Flanks, and conſequently for ſecuring theRam-

parts from the Approach of anEnemy. For

if it be agreed, that the principal Defence of

aForſreſs is its Flanks ; the beſt Standard to

judge of the Merit of any Syſtem of Fortifi-

cation, is the Manner, in which it provides for

the Safety of the Flanks, against the Efforts of

theEnemy.

Now the moſt uſual Contrivances for this

Purpoſe, have been Orillons, Ravelins placed

before the Curtains, Half-Moons placed before

roilFrançois de la Treille Commiſſaire en l'Artillerie. A Lyon

1556. This Author was the firſt I have ſeen, who

propoſed the Retired Curtain, which has fince been publiſhed

byothers, under theName ofthe re-inforced Order.

(a) Daniel Speckle was Architect of the City of Straf-

bourg ; he died in theYear 1589. He publiſhed a Treatiſe

of Fortification in German, which was re-printed at Leipfic

in the Year 1736.
the
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thePoints of theBastions, andContregards, each

of which we shall feparately confider, both as

to their Uſe and Antiquity.

THE Orillon is as old as the Baſtion, ſince

in Turin and Antwerp (mentioned above) there

is a lower Flank, which is cut out ofthe Sub-

ſtance ofthe Baſtion, and has thereby aShould-

er of a confiderable Thickness, to ſcreen it

from the Field-Batteries. But beſides this, the

Drawings ofPafino, Speckle, &c, abound with

Orillons of the fame Form with thoſe now

uſed, the only Difference being, that theMo-

dern ones are leſs maſſive than the Antientones.

This Invention has had the good Fortune to

ſtand its Ground in almoſt every Syſtem,

which has prevailed ; although it be rather on

the Fame of the Services, it has formerly done,

than for any Advantages the Moderns have re-

ceived from it. For in ancient Sieges, it was

theCuſtom for the Befieged to have a Retrench-

ment behind the Breach, by which Means the

Beſiegers were obliged to lodge themſelves on

theRuins ofthe Breach, inorder from thence

to batter the Retrenchment. In this Cafe the

Piece or Pieces of Artillery, which being co-

vered by the Orillon, could not be diſmounted,

were of wonderful Service to the Beſieged.

And
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And many Inſtances might be given, where

theEnemy have been hereby ſo gauled, after

they had lodged themselves in the Ruins of the

Breach, that they have deſiſted from theirEn-

terprize. But as it is now no longer theFa-

ſhion to hold out, after a Breach is made in the

Body of the Place, and the Ditch is near

filled up, we rarely hear in the preſent Times

of anygreat Feats performedby theOrillon.

THE Ravelins placed before the Curtains,

(or Half-Moons as they are called in themo-

dern Syſtems) were intended to protect the

Flanks from croſs Shot, and to confine the Bat-

teries, which ſhould be raised against the Flanks

* to the oppoſite Part of the Counterſcarp only,

where they would be more expoſed to theBe-

ſieged, and more difficult to preferve. This

Invention likewiſe is nearly as ancient as the

Art of Fortification ; it being to be found in

great Numbers of old Places, and in almoſt

every old Writer, and is ſtill continued in moſt

Fortifications.

:

But the ancient Writers, whoſe principal

Care was the ſecuring of their Flanks, did not

rely folely on theAdvantages,theyreceived from

the laſt-mentioned Invention. For though by

that
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that Means the Batteries for deſtroying the

Flank were confined to one Place, yet they

found on Examination, that on that Place the

Enemy would have more room than was fuf-

ficient for erecting of his Counter-Batteries ;

and therefore they added Half-Moons before

the Points ofthe Bastions ; theſe were intended

to poffeſs the Ground, to which the Enemies

Batteries against the Flanks were already con-

fined, and thereby to render the Conſtruction

of thoſe Batteries ſtill more difficult. How-

ever, they did not compleatly anſwer thisPur-

poſe, and have been long fince laid afide.

L

THE Intention of Contregards, (a) which

are likewiſe very Ancient, is the ſame with that

of the Half-Moons laſt mentioned, that is, the

Protection of the Flanks, to which Purpoſe (if

properly conſtructed) they are moſt wonder-

fully adapted ; for the Enemy in order to ruin

the Flank, muſt either plant his Counter-Bat-

teryon the Contregard itſelf, which, if the Con-

tregard be of a proper Profile, it will be im-

poſſible for him todo, or he muſt demoliſh a

(a) Pafino,whomwe have mentioned above, claims the

Invention of Contregards, tho' they were afterwards much

mended by Speckle. But the Contregards of thisAuthor were

notbefore the Baſtionsonly,but furrounded the wholePlace.

Part
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:

Part of the Contregard to enable his Battery

on the Contreſcarp to view the Flank, which

is a tedious Work, attended with great Hazard

and Difficulty. The ſame Inconveniency like-

wiſe attends him, when he would batter in

Breach.

But notwithstanding the Excellence of this

Invention, it has been almost entirely neglect-

ed in the modern Syſtem of a neighbouring

Nation. There have indeed been two or three

Places fortified by the French, in which there

are Pieces called by them Contregards ; but

they have nothing butthe Name in common

with thoſe, we here treat of. However their

Experience of the Efficacy of this Work at

Turin may poſſibly have induced them to

think more favourably of it. For Ihave late-

ly ſeen them adding Contregards to the old

Works of a very confiderable Frontier, al-

though it was before eſteemed one of their

compleatest Places. 1

FROM all that we have ſaid then, it ap-

pears, that the Covering of the Flanks, was a

Subject much more attended to by the an-

cient Engineers, than by thoſe, who have fuc-

ceeded them; and conſequently that the Art

of Fortification has not received from the

Moderns
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Moderns thoſe great Improvements, which un-

ſkilful Writers would ſometimes perſwade us

to believe : For indeed in the ſecuring of the

Flanks conſiſts the greatest Strength of a For-

treſs; fince, though all the other Defences by

being expoſed to the Field-Batteries of the

Enemy ſhould be ruined, yet as long as the

Flanks are entire, the Rempart of the Place

cannot be approached by the Enemy : And

therefore, fince this Circumſtance hath been

ſo little heededby ſome amongst the Moderns,

it must 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 havediſputed about a few Fa-

thoms in the Length of a Flank, a Face, or

aCurtain, or a few Degrees in the Magnitude

of a particular Angle ; when at the ſame Time

they have too much diſregarded this moſt im-

portant Confideration of all, the ſcreening of

the Flanks from theBatteries of the Enemy.

But this neglect hath been ſometimes owing

to theAuthority of erroneous Maxims, one of

which in particular is, that, (a) whatever fees,

is itſelf ſeen; whence ithas been inferred, that,

(a) See this Maxim urged with this View inPagan's

Fortification , Chap. iv.

if
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if the Flank can ſee the Enemy, the Enemy.

can ruin the Flank with his Batteries. But

the Fallacy of this Reaſoning lies here, that

the Flank if properly covered cannot ſee the

Enemy, when he is in a Situation, where it is

poſſible for him to raiſe Batteries, but only

when he gets ina Place, where he must be ex-

poſed to the Fire of the Flank without hav-

ing it in his Power toreturn it. For Inſtance,

a Piece of Cannon covered by an Orillon in

the common Manner cannot be ſeenby the

Enemy, till he is got over the greatest Part of

theDitch, or is mounting the Breach, in ei-

ther of which Places it is impoſſible for him

to raiſe a Counter-Battery: And themore com-

pleat the Artifice is, by which the Flank is

ſcreened, the greater will be the Space, in

which the Enemywillbe thus expoſed.

OTHER Engineershave endeavoured to un-

dervalue this Art as ineffectual, and with this

viewthey have expatiated much on the Force

of the modern Methods of Attack, and have

declared, that no place how artfully ſoever

conſtructed can ſtand before them. With theſe

Gentlemen it is a Maxim, that when the Con-

trefcarp is once loft, the whole Conteſt is in

amanner over ; and theyendeavour to ſupport

themselves
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themſelves in this Perſwaſion by the Examples

of Places of great Note, which have been re-

duced in a much ſhorter Time, than was ex-

pected. If theſe Opinions could be relied on,

the greatest Part of the Money laid out in

Fortifications would be extreamly ill employ'd,

fince a fimple Rempart and a Contreſcarp

would fully anſwer the whole Purpoſe intend-

ed. But the Truth is, that, when a Place is

well conſtructed, and ſkilfully defended, the

taking of the Contreſcarp is but a ſmall Step

towards the Poſſeſſion of the Place(a). In-

deed the Raſhneſs and Precipitancy of theDis

rector of the Approaches, hath often intimi-

dated aweak and ignorantGovernor; butwhen

the Attacks have been thus eagerly hurried on

againſt a Place commanded by a brave and

knowing Officer, hehas ſometimes taken ſuch

Advantages of theſe incautious Steps, as have

made them too fatal to be copied by any

pretending to Prudence or Humanity. By

this means the eaſieft Enterprizes have been

often rendered impoſſible, and the Pretence of

(a) Inthe last memorable Siege of Barcelona, the Lofs

of the Contreſcarp (which was taken in aFortnight) did

not determine the Fate of the Town, the great: Reſiſtance

being after theBody of the Place was opened by ſeveral

Breaches.

gaining
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gaining a Day or two has often occafioned the

loſs of the whole (a),

BESIDES, thoſe Inventions for ſcreening of

the Flanks, which we have already mention-

ed, there have been others propoſed of a dif-

ferent Nature, which by reaſon of their Sin-

gularity, have been leſs attended to; ſuch is

the Conſtructing of a Line, which ſhould paſs

through the Ditch, from the Point of theBa-

ſtion to the oppoſite Point of the Contreſcarp.

This is mentioned by General Montecuccoli in

his Memoirs, as a Method much less liable to

Exception, than it appears to be at firſt Sight

(b). But though aLine thus conſtructed, will

doubtless cover the Flanks from the View of

the Batteries placed on the oppoſite Part of

the Contreſcarp, and is it ſelf very defenſible,

(a) Many Inſtances of the Difficulties and Hazards, to

which the Allies were often expoſed in Flanders, during the

late War, may be ſeen in Landsberg, whowas then anEn-

gineerin theService of the States-General; theſe Accidents,

according to him, were generally owing to the Preſumption

of the Directors, who under the Pretence of Expedition,

contracted the Front of theirAttacks, and thereby often

left the Enemies Works in theirRear, which rendered their

Progreſs next to impoſſible. Vid. Nouvelle Maniere de

Fortifier les Places.

(b) Vid. Memorie delgeneral Principe di Montecuccoli,

pag. 116.

B yet
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yet I have never heardof its being put inExe-

cution.

ANOTHER Way of ſecuring the Flanks, is

by interpofing theEntring Angle of the Con-

treſcarp, (or of the Ravelin) between them

and the Counter-Batteries. This Practice is de-

ſcribed by Errard of Barleduc, (a) and is by

him ſaid tobe the Invention of the Count of

Lynar. And though ſomeAuthors, who were

ignorant of the Advantages hereby propoſed,

have feverely cenſured the having any Part of

theDitch hidden from the Flank, a Circum-

ſtance which must neceſſarily attend this Con-

ftruction ; yet thegreatestGenius,who ever ap-

plied himself to the Study ofthis Art, has

thought it worthy of his Imitation; the cele-

brated Fortress of Bergken-Op-Zoom, having

itsFlanks in part covered by this Artifice.

: But in a properSoil there is ſtill a more ef-

ficacious Defence, than anywehave yet men-

(a) Vid. La Fortification demontré, Lib. iii. Chap. ii. Be-

fides this Invention herementioned, there occurs in thisAu-

thor, the Contrivance of placing aGallery under the Co-

ver'd-Way, with Loop-Holes into the Ditch, whichisprac-

tiſed at Tournay, but more compleatly at Berghen-Op-Zoom.

Vid. Lib. iv. Chap. vii.

tioned;

:



PREFACE. xix

tioned; and that is, by the Means of Contre-

mines. For ſuppoſing the Fortifications of a

Place to be conſtructed with no moreArt, than

what is neceſſary to oblige anEnemy tobring

hisBatteries on theGlacis, when he propoſes

either tobatter inBreach, or to ruintheFlanks,

(which may be effected by a good Profile and

a Ravelin before the Curtain only.) Ifthe Soil

be free from Water to a confiderableDepth, it

is always in the Power of the Beſieged to ruin

the Batteries of the Enemy by their Mines,

whichmay be repeatedtoo anumber of Times,

inProportion to the Depth of the Soil. For

theſe Batteries being by Suppofition confined to

oneSituation, the Beſieged can always be pre-

pared for theſe Operations before-hand, and

would have infiniteAdvantages over anEnemy,

who ſhould endeavour todig them out ; which,

however in fuch Circumstances, would be his

onlyReſource.

THE firſt ſucceſsfulApplicationoftheBlow-

ing of Mines in Sieges, was in theKingdom of

Naples, where Pietro deNavarrebythis Means

poſſeſſed himself of a Fort garrisoned by the

French. But the firſt celebratedUſe of theſe

Mines inoppofing the Progreſs oftheBeſiegers,

was in theYears 1666, 67, 68, at the Siege of
B 2 Candia :
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Candia ; not but they had been often practif-

ed in the Defence of Places before, though in

a leſs 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 ſucceſſively.

Since that Time the Advantages of Contre-

mines have been better understood. The laſt

eminent Inſtance of their great Uſefulness, was

in the Defence of Turin, in the Year 1706 ;

for ſo effectually were the Beſiegers traverſed

thereby, that after near four Months of open

Trenches, they were not in the Poffeffion of

more than the Contreſcarp, and even there, e-

leven Pieces of theirCannonwere blown upby

the Defendants, but three or four Days before

thePlace was relieved.

6

BEFORE I leave thisHead, Icannotbut in

Juſtice mention the great Improvement in the

Doctrine of Mines, which is contained in that

excellent Differtation (a) annexed to the third

Volume of the French Polybius. For nothing

can be more complear, than the Manner in

:

(a) This in the Preface, is ſaid to be the Performance of

Monfieur de Valiere, Marechal des Camps, and Captain-

General of the Miners.

which
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which the different Stages of Mines are there

diſtributed; indeed, theForm there aſſigned to

theExcavation, cannot be rigorously, what the

Author ſeems to ſuppoſe ; but this Exception

has nothing to do with his general Rangement

ofthe Chambers, which is extremely wellcon-

trived for theHuſbanding of theGround, and

theAnnoyance of the Enemy.

I HAVE already taken noticeof the Defects

in the Writings ofmanyof thoſe, who amongst

the Moderns have undertaken to form Syſtems

of Fortification. But when I speak of theſe

Authors and their Copiers, I muſt at the ſame

Timeavow the ſuperior Merit ofthe great Coe-

hoorn, who was undoubtedly the ableſt Forti-

fier, that ever the World knew. This Author

has publiſhed two Treatiſes on this Subject ; the

Firſt containing a Method of Fortifying a Pen-

tagon, to which is annexed a Project for the

Amending the Fortifications ofCoevoerden. In

his Second, he has propoſed three differentMan-

ners of Fortifying, one applied to a Hexagon,

another to a Heptagon, andathird to anOcta-

gon; and he has beſides added, the Manner of

Fortifying that Side of a Fortress, which hap-

pens to be contiguous to a River. In this Work

he has particularly examined all the poſſible

B 3
Attacks
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Attacks, that can be formed against his pro-

poſed Places, thereby to evince the great Su-

periority ofhis Defences ; ſo that it is in ſome

Meaſure a Diſcourſe on the Attack and Defence

of Places, as well as a Syſtem of Fortification ;

andupon the Whole is the moſt excellent Per-

formance, that has ever been produced on

this Subject. It was written in Low-Dutch

(the Author's Native Language) but has been

tranſlated into both French and English, but

very imperfectly; tho' in a new Edition ofthe

French Tranflation lately printed in Holland,

many ofthe Errors ofthe former are amended,

and fome particular Paſſages are cleared upby

the Notes of the Editor, who ſeems to have

understood hisAuthor very well.

I HAVE been toldby thoſe, who were well

acquainted with this great Man, that his Trea-

tiſes were far from acquiring him either the

Advantages or Reputation, which he might

reasonably have hoped from them. For that

his CotemporaryEngineers, wedded to theirold

Road, decried him as an unſkilful, felf-con-

ceited Pretender; butthat he at laſt ſurmount-

ed theſe Effects of theirEnvy and Prejudice

by his Defence of Fort William at Namur,

when that Place was besiegedby the French;

after
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after this, which eſtabliſhed his Reputation,

he roſe apace to the greatest Military Com-

mands, and immortalized his Name by his

Conduct ofthe Siege of Namur under King

William, and afterwards at Bon, Limburg, the

Citadel of Liege, &c. And hisDeath at theBe-

ginning ofthe late War in Flanders was avery

great Misfortune to the Allies, of which al-

moſt every Siege formed by them after the

Year 1707, was a melancholy Proof.

BESIDES being entrusted with theDirection

of Sieges, he was employed too in the repair-

ing and new-modelling many of the Dutch

Frontiers. His laſt work, which is left unfi-

niſhed, wasBergen op Zoom, which will always

do Honour to his Memory. Tho' he is yet fo

little out oftheReach ofCenſure, that I have

heard Military Men, even in thatPlace, con-

demn as Imperfections, thoſe very Circumſtan-

ces, whence it derives its principal Defence.

CONSIDERING the great Fame whichGe-

neral Coehoorn acquired in real Service, it is

difficult to account for the little Regard which

hath been paid to his Writings. The moſt

natural Reason I can diſcover for this Negli-

genceB 4
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gence, is the Proneneſs, which we have always

ſhewn for the Opinions of a neighbouring

Nation, who, whatever other good Qualities

they may have, were never famous for doing

juſtice tothe Meritof thoſe, who were of ano-

ther Country, and were engaged inan Intereſt

oppoſite to their own. However, I prefume

his Reputation as an Author is at preſent in-

creaſing . For Ifaw not long fince in oneof

the moſt confiderable Frontiers belonging to

France a Piece of Fortification carrying on,

whichwas evidently copied from the printed

Works of Coehoorn.

THOUGH with Regard to the modern

Writers on Fortification, I cannot find another

to place in the fameArticle with the great

Genius, laſt mentioned ; yet there are two

Authors on the Methods of attacking and de-

• fending Places (a Subjectnearly connected with

Fortification) who merit the highest Applaufe,

I mean Goulon and the Marechal de Vauban.

The firſt in a ſhort Treatiſe, intitled Memoires

furl'Attaque etla Defencedes places. In which

he has very diftinctly inculcated the principal

Maxims neceſſary in thoſe Operations. The

other in a Work which he prefented in

Manufcript
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- Manuſcript to the late King of France, of

which Copies gettingAbroad, it was publiſhed

four Years fince in Holland. In this Book Mr.

Vauban hasverycircumſtantiallydeſcribed thoſe

Parts of the Attack, which were more imme-

diately of his own Invention ; ſuch as theBat-

teries à Recochet ; the Parallels, and a pecu-

liar Conduct of theSap. Not but that hehas

likewiſe given very ample Inſtructions on

every other neceſſary Head ; and the whole

must be owned to be a very maſterly Per-

formance, worthy of theExperience and Ca-

pacity of its greatAuthor.

It might, perhaps, be expected, that I

ſhould here mention with Approbation the

Skill of this last-mentioned Engineer in the

Art of Fortifying. But as hehas never writ-

ten any Thing himself on this Subject, that

mayexcuſe me from ranging him in the Liſt

of Authors. Bnt to ſpeak the Truth on this

Head, I cannot but believe from all, I have hi-

therto feen of his Works, that he was much

more to be eſteemed for his otherTalents than

for the Fortifications he has erected. For

though I have a very high Opinionofhisgood

Senſe and Difcernment ; Ido not conceive that

his

:
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his Invention in this Art was to be compared

with that of his Cotemporary Coehoorn.

THUS much may fuffice on the Origin and

Variations of the preſentMilitaryArchitecture.

Wemust next diſcuſs what ismore immediate-

ly connected with the Purport of the enſuing

Treatiſe, I meanthe Invention of Powder and

Artillery, with their reſpective Improvements,

and the different Theories, they have given

Riſe to. !

THE Invention of Gunpowder is usually

aſcribed to one Bartholdus Schwartz, a Ger-

man Monk, who discovered it, as is faid a-

bout the Year 1320, and the firſt Uſe of it

in War is commonly ſuppoſed to have been

by the Venetians against theGenoefe about the

Year 1380. But both theſe Suppofitions are

undoubtedly falſe; for a Compoſition reſemb-

ling that, whichwe call Powder, is mentioned

by Roger Bacon as well known in his Time,

andhe lived near fifty Years before Schwartz ;

and there are indiſputable Proofs of the Uſe

of Artillery much earlier than the Year 1380.

INDEED, as the Time of the Diſcovery of

Saltpetre is confeſſedly uncertain, it is not to

be
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be wondred at, that the Invention of Gun-

powderſhould be obſcure and unknown ; for

theſe two Diſcoveries are ſo connected, that ic

is difficult to conceive, how the first could be

longknown, before the latter was found out.

THE distinguiſhing Property ofSaltpetre is

the prodigious Increaſe of Inflammability,

which it produces in all burning Subſtances,

when mixed with them ; altho' alone and un-

mixed it will neither flame, nor burn. For

Inſtance, Saltpetre put into a Crucible, and

placed in the hotteſt Fire will onlymelt, and

grow red hot, but will neither explode nor

flame; yet, ifany inflammable Subſtance (Sul-

phur ſuppoſe, or Coals) be thrown into it,

aviolentBlaze will be inſtantly produced, in

which a Part of the Saltpetre will be confum-

ed inProportion to theQuantity of the in-

flammable Subſtance, which was put to it.

Anda like Exploſion will take place, if Salt-

petre be thrownupon any Fire. Now itcan-

not be reaſonably ſuppoſed, that this Quality

ofSaltpetre could be longunknown, after the

Subſtance itſelf was discovered; for the acci-

dental dropping of any ſmall Part of it into

the Fire, would prove its prodigious exploſive

Power when mixedwithburningBodies. And

this
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:

this being onceobſerved, it was thence avery

natural and obvious Thoughtto inventa Com-

poſition of Saltpetre mixed with any inflam-

able Subſtance which would burn more vio-

lently thananyknown before. And our pre-

preſent Gun-Powder is only the Improvement

and Perfection of fuch a Mixture.

On this Suppofition then, if we knew the

Time,whenSaltpetre firſt came in uſe,we might

give ſome gueſs, when Mixtures refembling

our preſent Gun-Powder were firſt invented.

Now the moſt general Opinion on this Head

is, that Saltpetre was firſt diſcovered, either

by the Arabians or the later Greeks about the

middle Ages of our Æra, whenAlchymy and

Chymiſtry were eagerly pursued by bothNa-

tions. For its Arabick Name is ſaid to be

expreffive ofits explosive Quality ; and the

Greek Fires uſed in War by the later Greek

Emperors (ifthe Effects attributed tothemby

many Authors are true) must have had Salt-

petre in their Compoſition.

INDEED ſome Moderns (miſled by a Simi-

larity of Names) have ſuppoſed Saltpetre or

Nitre to have been known to the Ancients.

But Chymiſts are now agreed, I think, that

the



PREFACE. xxix

the Subſtance mentioned by ſome ancient Wri-

ters, and deſcribed by Pliny, by the Appella-

tion ofNitre, is a Salt altogether different from

what we call Saltpetre.
:

Now, that the firſt Invention of Gun-

Powder (or of Compoſitions reſembling it) did

long precede the Time of Schwartz or ofBa-

con, and may thence be reaſonably ſuppoſed

nearly coeval with the Knowledge ofSaltpetre,

appears from Bacon (a) himself; for it is not a

new Compofition, which he propoſes, but the

Application of an old one to military Pur-

poſes. Andfrom hiswords it plainly appears,

that a Mixture of Saltpetre with other Sub-

(a) Bacon tells us, that Sound like Thunder, and Light-

nings greater than thoſe produced by Nature, might be

made byArt ; and this many Ways, by which a City or

anArmy might be destroy'd ; andhe ſuppoſes it tobeby

an Artifice of this Kind, that Gideon defeated the Midi-

anites : And having in another Treatiſe mentioned almoſt

the ſame Thing in different Words, he adds, Et experi-

mentum hujus rei capimus ex hoc ludicro puerili quodfit in mul-

tis mundipartibus, fcil. ut inftrumentofacto ad quantitatempol-

licis humani ex violentia illius falis, qui SAL PETRÆ Voca-

tur, tam horribilisfonus nafcitur in ruptura tam modicæ rei,

fcil. modici pergameni, quod fortis tonitrui excedere rugi-

tum, & corrufcationem maximam fui luminisjubar excedit.

Vid. Doctor Jebb's Preface to his Edition ofBacon's Opus

Majus.

ſtances
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1

ſtances was then vulgarly used for the mak-

ing of recreative Fire-works. And this ap-

pears yet plainer from the Treatise of Mar-

cus Gracus, intitled, Liber ignium (a) ; for

this Author deſcribes two kinds of Fire-works,

one for flying, and the other for making a

Report. The Cafe or Cartouche(Tunica) forthe

firſt, he directs tobe made long and flender, and

the Compoſitionto be very cloſe rammed; the

Cafefor the ſecond he orders to be thick and

ſhort, to be ſtrongly tied atboth Ends, and to

be but half filled; and the Compoſition he

preſcribes for both is two Pound of Charcoal,

onePound ofSulphur, and fixPound of Salt-

petre, well powdered and mixed together in

a Stone Mortar : And this will be allowed to

be a ſtronger Compoſition, than what great

Quantities of Powder are every Day made

with. Now tho' theAge ofthis Writer is not

well aſcertained, yet it must have preceded

the uſe of Artillery; for he does not in any

Place(as I can learn) mention theſe Compo-

ſitions as uſed in War; and as he pretends not

tobe the Inventor of theſe Serpents or Crack-

ers (for ſuch we should now call them) nor

(a) This is aManuscript in the Poſſeſſion ofDr. Mead ;

butwhatis here mentioned isquotedby the Editor ofBa-

con'sOpusMajusinthe Preface.

ſpeaks



PREFACE. xxxi

ſpeaks of them as recent, we may reasonably

preſume, they were in uſe long before his

Time.

THE firſt Application of this Mixture to

Military Affairs, ſeems to have been ſoon af-

ter theYear 1300. Bacon'sPropoſal (which

was about theYear 1280,) tomake uſe ofits

enormous Exploſion for the Deſtruction of

Armies might give the firſt Hint, which

others might afterwards purſue. Schwartz

instead of being the firſt Inventor ofGun-

Powder, might poffibly be one of the firſt,

who thus apply'd it ; and indeedthe common

Account of the manner, inwhich hecame at

his Invention, very much favours this Opi-

nion (a). And perhaps the different Improve

ments

(a)The uſualManner in which it is told is,that Schwartz

having pounded the Materials of Gun-Powder in a Mortar,

which he afterwards covered with a Stone, a Spark of Fire

accidentally flew into the Mortar, and the Exploſion blew

the Stone, which covered the Mortar, to a confiderable Dif-

tance. Now we have proved, that Swhartz, who was a

Chymiſt, could not discover the Compoſition by this

Means, becauſe itwas commonly known before ; but he

might fromhence be taught the ſimpleſt Method ofapply-

ingitinWar: ForBacon ſeems rather to have conceived

theManner ofusing it to be by the actual Effort of the

Flame against the Bodies it might meet within its Expan-

fion
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ments foon addedby others, or the Proſecu-

tion of Bacon's Thought in different Places,

may have given Riſe to the different Dates

affigned by Hiſtorians for the firſt uſe of Ar-

tillery.

:

GUN-POWDER for ſome Time after the In-

vention of Artillery, was of a Compoſition

much weaker (a) than what we now uſe, or

than that ancient one mentioned by Marcus

Gracus; but this, I preſume, was owing to

the Weakness of their firſt Pieces, rather than

to the Ignorance of a better Mixture. For

the firſt Pieces of Artillery were of a very

clumſy, inconvenient Make, being uſually

framed of ſeveral Pieces of Iron fitted together

lengthways, and thenhoop'dwith Iron Rings ;

and as they were firſt employed in throwing

Stone Bullers of a prodigious Weight, in Imi-

tation of the ancient Machines, to whichthey

fion. The Figure and Name of Mortars given to a Spe-

cies of the old Artillery, and their Employment (which

was throwinggreat StoneBullets atanElevation)verymuch

corroborate this Conjecture.

Vide Tartalea in his Queſiti& Inventioni, Lib. 3. Queſite

5. where there are ſet down twenty-three different Com-

pofitions made uſe of at different Times. The first of

which being the moſt ancient, contains equal Parts of

Nitre, Sulphur, and Charcoal.

fuc-
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ſucceeded, they were of an enormous Bore.

But the Difficulties of conducting and ma-

naging theſe cumbrous Pieces, and the dif-

covering that IronBullets of much leſs Weight

than Stone ones, would be more efficacious, if

impelled by greater Quantities of ſtronger

Powder, foon occafioned an Alteration in

the Matter and Fabric of theſe firſt Pieces,

and gave Riſe to what we ſtile Braſs Can-

non, which though lighter and more ma-

nageable, were yetmuch ſtronger in proportion

to their Bore, by which Means they woulden-

dure great Charges of a better Powder, than

what had firſt beenused, and their Iron Bul-

lets (which were from forty to fixty Pound

Weight) being impelled with greater Veloci-

ties were more effectual, than the weightiest

Stones could ever prove (a).

By

(a) The Timewhen this Change took Place, and the

Advantages arising from it, are mentionedby Guicciardin,

who ſpeaking ofthe French Army intended for the Invaſion

ofItaly, in theYear 1494, ſays,

Etper unirfi con questo eſercito eranoftate condotte

per mare a Genoua quantità grande d' artiglierie da battere

le muraglie, &da ufare in campagna, ma di tale forte, che

giamai non haveva veduta Italia lefimiglianti. Queſta peste

trovata molt' anni innanzi in Germania, fu condotta la prima

volta in Italia da Vinitiani nella guerra , che circa l'anno

della

C
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By this Means, Powder compounded in

the fameManner, which is now practifed by

Ildellafalute 1380, hebbono i Genoueſi con loro.

nome delle maggiori era bombarde. le quali, sparsa dopo

questa inventione per tutta Italia s'adoperavano nell' oppugna-

tione delle terre, alcune di ferro, alcuni di bronzo, ma grof-

fiffime, in modoche per lamachina grande, & per l' imperi-

tiade gl' huomini, & mala attitudine de gl' instrumenti tar-

diffimamente & con grandiffima difficultàfi conducevano, pian-

tavanfi alle terre con medefimi impedimenti, & piantate era

dall' un colpo all' altro tanto intervallo, che con piccoliſſimo

frutto a comparatione di quello, che ſeguito dopo, molto

tempo confumavano, donde i defenſori de luoghi oppugnati

havevanoſpatio di potere otiofamentefore di dentro ripari &

fortificationi.

-

Ma i Franceſi fabricando pezzi molti

piu espediti, ne di altro che di bronzo, i quali chiamavono Can-

noni, & usando palle diferro, dove prima di pietra, & fenfa

comparatione piu groſſe & di peso graviſſimo, s'usavano,

gli conducevanofu le carette, tirate (non da buoi, come in Ita-

lia fi coſtumava) ma da cavalli con agilità tale d'huomini,

& d'instrumenti deputati a queſto ſervigio, che quaſiſempre

alpari degl'eserciti caminavano,& condotte alle muraglie erano

piantate con prestezza incredibile, interponendosi dall' un

colpo all' altro piccoliſſimo intervallo di tempo, ſiſpeſſo, & con

impetofi gaggliardo percotevano, che quello che prima in

Italiafare in molti giorni fifoleva, da loro in pochiſſime horefi

faceva. Vid. Guicciardin's Hiſtory, L. 1. p. 45. What

this Author obſerves of the prodigious Size of the Stone Bul-

lets uſed whilst the old Pieces were in Faſhion, will bebet-

ter understood by knowing, that when Mahomet the ſecond

befieged Conftantinople in theYear 1453, he battered the

Walls with Stone Bullets, and his Pieces wereſome ofthem

of the Calibre of 1200 Pounds ; but then they could not

be fired more than fourTimes aDay.

all
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all Europe, came in uſe (a). But the Change

ofthe Proportion of the Materials compofing

it, was not the only Improvement it receiv'd.

The Invention of graining it, is doubtleſs a

confiderable Advantage to it. For Powder at

firſt was always in the Form offine Meal, ſuch

as it was reduced to, bygrinding the Materials

together. And it is doubtful,whether the firſt

graining of Powder was intended to increaſe

its Strength, or only to render it more conve-

mient for the filling into ſmall Charges, and

the charging of ſmall Arms, to which alone

it was applied for many Years, whilst Meal-

Powder was ſtill made uſe of in Cannon. But

at laſt the additional Strength, which the

grain'd Powder was found to acquire from

the free Paſſage ofthe Fire between theGrains,

(a) Welearn from Tartalea, that the Cannon Powder

in his Time (polvergroſſa moderna) was made of four Parts

Saltpetre, one Part Sulphur, and one Part Charcoal, and

the Muſquet Powder of forty-eight Parts Saltpetre, ſeven

PartsSulphur, and eight Parts Charcoal ; or of eighteen

Parts Saltpetre, 2 Parts Sulphur, and three Parts Charcoal.

Theſe Compofitions for Muſquet Powder are very near

the preſent Standard ;the firſt having in one hundred Pounds

of Powder, about one Pound of Saltpetre more than is at

preſent allowed, andthe ſecondthreePounds more.

2

-00

)
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occafioned the Meal-Powder to be entirely laid

aſide (a).

THE Formation ofArtillery hath beenvery

little improved in the last two hundred Years ;

the beſt Pieces now caft, not differing greatly

in their Proportions from thoſe made in the

Time of the Emperor Charles V. Indeed light-

er and ſhorter Pieces have been often propoſed,

(a) ThatPowder was firſt uſed in Meal ; and that long

after the Invention ofGraining it for the the Use ofſmall

Arms, Cannon-Powder continued in its oldForm, are Facts

not to be conteſted. Tartalea in his Quæfiti, L. 3. Ques.

9. and 10. expreſsly aſſerts, that then the Cannon-Powder

was inMeal, and the Muſquet-Powder grained. And our

Countryman William Bourn, in his ART OF SHOOTING

IN GREAT ORDNAUNCE, publiſhed forty Years after

Tartalea, tells us in Chap. 1. that Serpentine-Powder(which

he oppoſes to Corn or Grained-Powder) ſhould be asfine as

Sand, and asfoft as Flour : And in his third Chapter he

ſays, that two Pounds of Corn-Powder will go as far as three

Pounds of Serpentine-Powder. Alſo Sir HenryManwayring,

in his SEAMAN'S DICTIONARY preſented to the Duke of

Buckingham in the Time of Charles I. under the Word

Powder, tells us, there are two Kinds of Powder, the one

Serpentine-Powder, which Powder is Duft (as it were) with-

out corning The other is Corn-Powder. Though he

informs us the Serpentine-Powder was not uſed at Sea. Indeed

when that Book was wrote, I believe, Powder was uſually

corned, for the foreign Writers onArtillery had long be-

forerecommended its general Ufe.

and
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and eſſayed ; but, though they have theirAd-

vantages, and are extremely useful in parti-

cular Circumstances, yet it feems now to be

agreed, that they are altogether inſufficient for

general Service. But though the Proportions

of Artillery have not been much varied within

that Period, yet its Uſe and Application have

undergone confiderableChanges, the ſame Ends

being now generally pursuedby ſmaller Pieces,

than what were formerly thought neceſſary.

Thus the Battering-Pieces now univerſally ap-

proved of, are the Demi-Cannons, carrying a

Ball of twenty four Pound weight, it being

found by Experience, that their Stroke, tho'

leſs violent than that of larger Pieces, is yet

ſufficiently adapted to the Strength of the uſu-

al Profiles of Fortification, and that the Faci-

lity of their Carriage and Management, and

the Ammunition they ſpare, give them great

Advantages beyond the whole Cannons for-

merly employed in making Breaches. The

Method too (now generally followed) of form-

ing a Breach, by firſt cutting off the whole

Wall as low as poſſible, before its upper Part

is attempted to be beat down, ſeems alſo to

be a confiderable modern Improvement inthe

practical Part of Artillery. For I do not re-

member to have feen this Procedure recom-

mendedC3
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mended by any ancient Author ; and Gabriel

Busca (a) who boasts much of his great Ex-

perience, expreſsly directs the Contrary. In-

deed Collado mentions it as the Practice of the

Turks, (b) but it is without commending it,

or propoſing it as an Example to be followed.

But the moſt important Improvement in

the practical Management of Artillery (for of

the ſcientific Part we ſhall treat by its ſelf) is ,

the Method of firing with ſmall Quantities

of Powder, and elevating the Piece ſo that the

Bullet in its Deſcent mayjuſt go clear ofthe Pa-

(a) Vid. His Inſtruttiqne de Bombardieri, printed at Car-

magnola in 1584, Cap. xxxvii. in which Place he orders

theBreach to be begun at the upper Part of the Wall, and

from thence to be continued downwards.

(b) Vid. Pratica Manuale di Artegliera d'al Mag. Sig-

nor Luigi Collado Hifpano, Bettico, Nebriſenſe, printed atVe-

nice in theYear 1586, Cap. xx. Where he ſays.-nelle

fattioni del gran Turco ſemprefi adoperano i pezzi

da tagliare le muraglie per di ſotto di eſſe tranſverſalmente, et

dipoi di alto in baſſo a perpendicolo, & applicandovi poi tutti a

un tratto i bafilifchi, con che fanno cascar giu quella parte di

muraglia che era gia tagliata. This Book here quoted was

compoſed and publiſhed in Italian, altho' the Author was a

Spaniard. But he ſerved as an Engineer in the Spanish Ar-

my in Italy . Andhe tells us in his Preface, that he ſoon in-

tended to re-publiſh it in Spanish, which laſt Edition is, I pre-

fume, what is quoted by Blondel in hisArt dejetter les Bombes,

rapet
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rapet of theEnemy, anddrop into their Works.

By this Means the Bullet coming to the

Ground in a ſmall Angle, and with a ſmall

Velocity, it either bounds or rolls along in the

Direction it was fired in ; and therefore, if

the Piece be placed in a Line with the Bat-

tery it is intended to filence, or the Front it is

to ſweep, each Shot rakes the whole Length of

that Battery or Front, and has thereby infinitely

more Chance of diſabling theDefendents, and

diſmounting theirCannon, than it would have, if

it was fired against the ſame Works in the com-

mon Manner. This Diſpoſition of Artillery,

whichisindeeda moſt uſeful one, is theInvention

oftheMarechal de Vauban, and is by him ſtiled

Batterie à ricochet (a) and was firſt put in

Practice at the Siege of Aeth, in the Year

(6) 1692.

AFTER this brief Recital of what has been

done in the mechanic Part of Gunnery, we

muſt 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 l'Attaque et la Defence des places.

(b) Vid. The Journal of this Siege printed at the end

of the laft Edition of Goulon's Memoires.
1

1

C 4 lets ;
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lets ; in which Inquiry we shall not indeed

find many Things worthy ofApprobation, or

even of Attention ; but however, as it is a

Theme in ſome Meaſure connected with the

Subject of the following Treatiſe, we must

beg the Reader's Indulgence.

THE firſt Author Ihave ſeen, whohas pro-

feſſedly written on the Flight ofCannon Shot,

is Tartalea, a celebrated Italian Mathema-

tician, famous for having invented the Me-

thod of folving cubic Equations, which is ufu-

ally aſcribed to Cardan. This Author in his

Nova Scientia, printed at Venice in the Year

1537, and afterwards in his Quefiti et Inven-

tioni diverfi, printed at the ſame Place in

1546, has profeſſedly diſcuſſed ſeveral Particu-

lars relating to the Theory of theſe Motions.

And though the then imperfect State of Me-

chanicks furnished him with very fallacious

Principles to proceed on, yet he was not alto-

gether unfucceſsful in his Inquiries : For he is

ſuppoſed to be the firſt who aſſerted that the

greatest Range of Projectiles was at anEleva.

tion of 45°. He likewiſe determined (con-

trary to the Opinion of Practitioners) that no

Part of the Track deſcribed by a Bullet was a

right Line, although the Curvature was in ſome

cafes
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caſes ſo little, as not to be attended to, hecom-

paring it to the Surface of the Sea, which

though it appears tobe a Plain when partially

confidered, is yet undoubtedly incurvated round

the center of the Earth. He alſo aſſumes to

himself the Invention of the Gunner's Qua-

drant, and has oftengiven ſhrewdGueſſes at

the Event of ſome untried Methods which

were propoſed to him. But as he had never

been converſant in the Practice of Artillery,

but founded his Opinions on Speculation only,

almoſt all the Writers who ſucceeded him were

perpetually carping at him,though often with-

out naming him ; of which many Examples

might be given from the Works of Bufca,

Collado, (a) Ufano, Simienowicz, &c. And

the Philoſophers of thoſe Times often inter-

vening in the Queſtions hence arifing, there

were hereby many Diſputes on Motion ſet on

(0) Collado cap. Ixiii. denies that Tartalea was the In-

ventor of the Gunner's Quadrant, and quotes Daniel Sant-

bech, or Regiomontanus (for he confounds them) as having

known it manyYears before. But the Truth is, that Sant-

bech's Book from whence his Quotation is taken (Preble-

matum Astronomicorum &Geometricorumfectionesfeptem) was

not printed till the Year 1561 , which was long after Tar-

talea. Nor did Santbech, though he talks of the different

Elevations of Artillery, know the Method of framing a

Quadrant proper for his Purpoſe,

foot
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foot (eſpecially in Italy) which continued till

the Time of Galileo, and perhaps gave Riſe to

his celebrated Dialogues on Motion, which

were firſt printed in the Year 1638. And in

this Interval, or before the Doctrine of Galileo

was eſtabliſhed, many Theories of the Mo-

tions of military Projectiles, and manyTables

of their comparative Ranges at different Ele-

vations were publiſhed, all of them egregiouf-

ly fallacious, and utterly irreconcileable with

the Motions of thoſe Bodies, although ſome of

them were the Labours of ſuch who had ſpent

the greatest Part of their Lives in Employ-

ments relating to the Artillery. Such were

the Tables of Ufano, of Galeus, of Ulrick,

&c. taken notice of by Blondel (a). To which

might be added, many more not mentioned

by thatAuthor. Indeed there have been very

few ancient Writers on this Subject (and they

are a numerous Sect) who have not indulged

themſelves in ſome Speculations on the Differ-

ence betwixt natural, violent, and mixt Mo-

tions, although in the Application of theſe

(b) Note, the Opinion diſcuſſed by Blondel in his Art de

jetter les Bombes, Cap. v. is not originally ofRivaltius whom

Blondel quotes for it, but of the laſt mentioned Santbech

from whom Rivaltius ſtole it. Vid, Santbech, Sect. 6.

I

miſtaken
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miſtaken Notions, ſcarce any two of them

agreed.

But what is moſt ſtrange, is, that during

theſe Contests ſo few of thoſe, who were in-

truſted with the Charge of Artillery, ſhould

think it worth while to examine their reſpec-

tive Theories by properExperiments. However

thus it has happened, for I do not remember to

have met with more than four Authors, who

have actually tried theRanges ofShot and Shells

at different Elevations. The first of theſe is

Collado, who has given us the Ranges of a

Falconet carrying a three Pound Shot to each

PointoftheGunner's Quadrant. But from his

Numbers it is manifeſt, that the Piece was not

charged with its cuſtomary Allotment ofPow-

der (a), The next is our CountrymanBourne

in

(4) The Reſult of his Trials 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° ) the

Range was 594 Paces ; at an 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 ſeventh Point fell

between thoſe of the third and fourth, at the eighth Point

it fell between the Ranges of the ſecond and third ; at the

ninth Point it fell between the Ranges of the firſt and ſe-

cond ;

1
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1

in a Treatiſe 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 (a). But

he has not informed us, with what Piece he

made his Trials ; tho' by hisProportions, I pre-

fume, it must have been a ſmall one. Itwere

to be wiſhed, that he had ſet down this Cir-

cumſtance ; for we shall hereafter thew, that

theRelation between the Extent of different

Ranges will vary extremely, according to the

Velocity and Density ofthe Bullet. The other

cond; at the tenth Point it fell between the point blank

Diſtance and that of the firſt Point ; and at the eleventh

Point it fell very near the Piece. Vid. Cap. lxi. And

note, that the Paces uſedby thisAuthor are not geome-

trical Paces, but common Steps, as he informs us Cap. xlii.

(a) If I repreſents the Extent of the point blank Shot,

then according to this Author, the Range at 5º will be

23, at 10° it will be 34, at 15° it will be 4 at 20° it

will be 48, and the greatest Random will be 5 ; which

greatest Random, he tells us, in a calm Day is at 42° ;

but according to the Strength of the Wind, and as it fa-

vours or oppoſes the Flight of the Shot, it may be from

45° to 36°. Vid. His Art of Shooting in great Ordnaunce,

Cap. vii.

two,
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two, which haveoccurred tome, are Eldred and

Anderson, both Englishmen ; the last of theſe

having vitiated his Experiments by his too

great Attachment to an erroneous Theory, I

ſhall have Occaſion to mention him hereafter .

But Eldred (a) deſerves a better Character ;

his Principles were fufficiently ſimple, and tho

not rigoroufly true, they were, within certain

Limits, near the Truth. He has given us the

actual Ranges of different Pieces of Artillery at

ſmall Elevations, all under ten Degrees. His

Experiments are numerous, and appear to be

made with great Care andCaution ; and he has

honestly fet down ſome, which were not re-

concileable to his Method; and upon the whole

feems to have taken more Pains, and to have

had a juſter Knowledge of his Buſineſs, than is

to be found in many of his practical Brethren.

For they have beengenerally toomuch attach'd

to ſome incorrect Theory, or to the common

Uſage which they have always followed, to

think of extending their Art by proper Expe-

(a) His Book is intitled THE GUNNER'S GLASSE, and

theExperiments he relates were moſt ofthem made atDover .

Castle, of which Place he was many Years Maſter-Gunner.

The earliest Date I find to any of his Experiments is 1611 ,

buthis Book was not publiſhed till 1646.

riments,
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riments, or indeed to conceive, that it was not

already compleat; it wouldotherwiſe have been

impoſſible, that Poſitions ſo little to bereconciled

withExperience, ſhould haveheld theirGround

ſo long as they have done, a remarkable Inſtance

of which, is the Doctrine which has taken

Place in this Subject, ſince the Time of Galileo.

GALILEO printed hisDialogues on Motion

in the Year 1638, as we have already obſerved ;

and in theſehe has pointed out the general Laws

obſerved byNature in the Production andCom-

poſition ofMotion, and was the firſt, who de-

ſcribed the Action and Effects of Gravity on

falling Bodies ; and on theſe Principles he de-

termined, that the Flight of a Cannon-Shot,

or of any other Projectile, would be in the

Curve of a Parabola, unleſs ſo far as it were

diverted from that Track by the Reſiſtance

of the Air. And what Inequalities would

thence arife, he has propoſed the Means of

examining ; for he has deſcribed a Method of

diſcovering what ſenſible Effects that Reſiſt-

ance would produce in the Motion of a Bul-

let at ſome given Diſtance from the Piece.

WHEN Galileo had thus ſhewn, that, inde-

pendent of the Reſiſtance of theAir, all Pro-

jectiles
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jectiles would in their Flightdeſcribe the Curve

ofa Parabola, it mighthave been expected that

thoſe whocame after him, wouldhave tried how

far the real Motions of Projectiles deviatedfrom

a parabolic Track, in order thence to have de-

cided whether the Reſiſtance of the Air was,

or was nor, neceſſary to be attended to in the

Determinations of Gunnery. But instead of

this cautious Procedure, the ſuoſequent Wri-

ters onGunnery have boldly afferted (without

an experimental Examination) that no confi-

derable Variation could ariſe from the Reſiſt-

ance of the Air, in the Flight of Shells or

Cannon-Shot, fupporting themſelves in this

Perfuafion chiefly by the Confideration of the

extreme Rarity of the Air, compared with

the denſe and ponderous Compoſition of thoſe

projected Bodies. And hence (this Maxim

of the inconfiderable Effects of the Air's Re-

ſiſtance to the Motion of Shells and Bullets,

being continually repeated and copied by fuc-

ceeding Authors,) it is now become an Axi-

om almoſt generally acquiefced in, that the

Flight of theſe Bodies is nearly in the Curve

of a Parabola.

For in theYear 1674, our CountrymanAn-

derfon publiſhed his Treatise of the genuine Ufe

and
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and Effects of theGun. In which he proceeds

on the Principles of Galileo, and ſtrenuoufly

aſſerts the Flight of all Bullets to be in the

Curve of a Parabola ; undertaking to anſwer

all Objections, that could be urged to the con-

trary. And in the Year 1683, MonfieurBlon-

del publiſhed at Paris, L'Art de jetter les

Bombes, where the Doctrine of Galileo is like-

wife applied to the Motion of Shells and Bul-

lets of all kinds, and the Variations of this

Doctrine which can arife from the Reſiſtance

of the Air, are particularly mentioned ; and

after a long Diſcuſſion the Author concludes,

that they will be ſo very minute as fcarcely to

affect the Accuracy of his Conclufions (a).

Alſo, the fame Subject is treated of in our Phi-

loſophical Transactions (6)by Dr. Hally, who,

fwayed by the Confideration of the very great

Diſproportion between the Denſity of Bullets

andoftheAir, thinks it reaſonable to believe, that

the Oppoſition of theAir to large Metal Shot

is ſcarcely difcernable, although in ſmall and

light Shot he acknowledges, that it ought and

must be accounted for.

In confequence then of theſe Opinions a-

bout the inconfiderable Effects of the Air's Re-

(a) Vid. Page 345. of the first Quarto Edition at the

Bottom, alfo Page 355. and following .

(b) Vid. No 216. p. 68 . fiftance
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ſiſtance on heavyShot, and the Demonſtrations

of Galileo, that all Projectiles moved in the

Curve of a Parabola, if they were not diſturb-

edby that Reſiſtance, it is now an Opinion ge-

nerally advancedby the Writers on the Theory

ofGunnery, that the Flight of Shot and Shells

is nearly in the Curve of a Parabola ; for the

Truth of which, we may appeal to the pro-

feffedAuthors on this Subject, who have wrote

within the last forty Years.

... But though this Hypotheſis went ſmoothly

on with thoſe, who contented themſelves with

Speculation only ; yet Anderson, who made a

great Number of Trials, found it impoffible

to ſupport it without some new Modification.

For though it does not appear, that he ever

examined the comparative Ranges of either

Cannon or Muſquet Shot when fired with their

uſual Velocities ; yet his Experiments on the

Ranges of Shells thrown with ſmall Velocities

(in reſpect of thoſe laſt mentioned) convinced

him, that their whole Track was not Parabo-

lical, as appears by his Treatiſe, intituled, To

bit a Mark, publiſhed in theYear 1690. But

inftead of making the proper Inferences from

hence, and diſcovering the Reſiſtance of the

Air to be of confiderable Efficacy, he from his

greatAttachment to his firſt Opinions framed

D
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a new Hypothefis, which was, that the Shell

or Bullet at its firſt Diſcharge, flew a certain

Diſtance in a right Line, from the End of

which Line only it began tobend into aPara-

bola. And this right Line which he calls the

Line of the Impulſe of the Fire, he ſuppoſes

tobe the ſame in allElevations. By this Hy-

potheſis (though an indefenſible one) it was al-

ways in his Power,by aſſigning a properMag-

nitude to this Line of Impulſe, to reconcile a-

ny two Shot made at different Angles, how-

ever oppoſite they might prove to the com-

mon Principles. But even this new-modelled

Theory, was not, I believe, confirmed by

his following Experiments ; for he has no

where ventured togive usExperiments ofthree

Ranges made at three different Elevations, with

the ſame Quantity of Powder ; as finding,

I preſume, that though by this Scheme he

could reconcile twojarring Ranges, the Irregu-

larities of three were inſurmountable. And,

if ſuch 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 ſuppoſed to effect in the Mo-

tions of Bullets, which being impelled by a

full Charge of Powder through a much longer

Cylinder, move perhaps three or four Times

as
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as faft, and confequently undergo near fifty

Times the Refiſtance, as will be more particu-

larly evinced hereafter.

THAT the Reſiſtance of the Air, which

acts with ſuch prodigious Power on all ſwift

Bodies, ſhould be entirely unattended toby the

Practitioners in Gunnery, is not the only re-

markable Circumſtance which occurs in this

Enquiry ; for after the Publication of Sir Ifaac

Newton's Philofophiæ Naturalis Principia Ma-

thematica, it might have been expected, that

all Mathematicians ſhould have been convinced

of its Energy, ſince in that immortal Work

the Law and Quantity of this Reſiſtance to

flow Motions is determined, and confirmedby

many Experiments. Indeed the ſame Law

when extended to ſwift Motions will be defec-

tive, and will exhibit the Reſiſtance greatly

ſhort of what it really comes out by Experi-

ment, (of which Sir Isaac Newton himſelf has

given us (a) warning;) yet even uponhisPrin-

ciples it would appear, that the Action of the

Air onBullets is by far too confiderable to be

neglected. But notwithstanding this obvious

Proofof the Neceffity of confidering the Acti-

on ofthe Air on militaryProjectiles, I can re-

collect but one Inſtance, where any Computa-

(a) Vid. Phil. Nat. Prin. Math. p. 351.1. 17.
;

D2 tions
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tions founded on Sir Isaac Newton's Doctrine,

have been applied to theſe Motions (a).

To fum up now at once all we here intend

to obſerve on this Head. It appears, that the

modern Writers on theArt of Gunnery have

been very much deceived, in ſuppoſing theRe-

ſiſtance of the Air to be inconfiderable, and

thence aſſerting, that the Track of Shot and

Shells of all kinds is nearly in the Curve of a

Parabola. That by this Means it has happen-

ed, that all their Determinations about the

Flight of Shot diſcharged with confiderable

Degrees of Celerity are extreamly erroneous,

and confequently that the preſent Theory of

Gunnery in this its moſt important Branch is

uſeleſs and fallacious.

Now to obviate in ſome degree theſe Im-

perfections in thisArt, we have undertaken in

the ſecond Chapter of the enſuing Treatiſe,

not only to confirm what we have here af-

ſerted relating to the Falſity of the parabo-

lic Motion of theſe Projectiles, but likewiſe

to afcertain the actual Degree of Reſiſtance,

which every Shot undergoes according to the

Velocity with which it moves ; whence, as the

(b) Vidcomm. Acad. Petrof. Tom. 2. p. 333. 339.

Ve
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Velocity with which the Bullet iſſues from

the Piece is easily known by the Principles

delivered in the first Chapter, the Delineation

of the Track paſſed through by the Bullet

hereby becomes a geometrical Problem, which

indeed in its utmoſt extent is of a very com-

plicate and operoſe Kind ; but in the Inſtances

which are moſt frequent in practice, it ad-

mits of fome very eaſy Approximations, which

enable us readily to compare the actual Ranges

of Bullets with the Reſult of this Theory.

And though ſuch as examine the follow-

ing Treatise with Attention, will not, I be-

lieve, entertain many Doubts of the Certainty

of the Determinations therein contained; yet

it might have been expected perhaps, that

the Accuracy of thoſe Principles ſhould have

been ſtill more irrefragably eſtabliſhed 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 Reaſons have diverted me from this De-

fign. The firſt was, the Difficulty I found in

aſcertaining the extended Ranges ; a Difficulty

which nonebut those who ſhall attempt Ex-

periments of the ſame Kind, can bejudges of.

The fecondReaſon was an Irregularitywhich

1

in-
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intervened in theſe Ranges, and which ren

dered all my Endeavours fruitless ; for the

ſame Piece at the ſame Elevation would con-

vey the Bullet to very diftant Places, fo that

no two Trials agreed with each other, as I

have more particularly recited in the 7th

Propofition of the 2d Chapter.

But notwithstandingtheſe Difficulties, which

have hindered me from inſerting in the fol-

lowing Treatife ſuch Experiments on the

Ranges of Shot, as might corroborate the

Theory of Reſiſtance there delivered, I have

yet reſolved to pursue this Subject; and I flat-

ter myſelf, that I have invented a Method of

preventing the laſt-mentioned Inequality from

taking Place, which unless it can be done, it

is fufficiently obvious, how fruitless allExperi-

ments of this kind muſt prove. The Reſult

of my future Trials on this Head, I intend for

a fecond Part to this Treatiſe, in which, be-

fides theſe Experiments on the Track de-

ſcribedby the Flight of Bullets, and the ne-

ceſſary geometricalDeterminations with which

they must be compared, I propoſe to infert

many other Experiments, which though of a

miſcellaneous Nature, are yet all ofthem con-

nected in ſome degree with the Theory or

Practice of Gunnery. I shall alſo annex to

this
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this ſecond Part many Maxims and practical

Precepts, which will ariſe from the preced-

ing Principles, and will, I hope, be of ſome

Conſequence in the future Management of

Artillery. A confiderable Part of this ſecond

Work I have already by me, as likewiſe an

Apparatus purpoſely intended for compleating

it. But thoſe Experiments which are yet

wanting, will require great Leiſure and apro-

per Seafon to execute.

As the following Sheets, beſides the Deter-

mination of the Quantity of the Air's Refiſt-

ance, do likewiſe contain the Theory of the

Force and Action of Powder ; it may perhaps

be expected, that I ſhould give ſome Account

of what precedingAuthors have advanced on

this Subject. But all, I have ever met with on

this Head, hath been ſo vague and indiſtinct,

that it is often difficult to determine the true

Meaning of the Writer. The moſt intelligible

Hypothefis on this Head, and what feems indeed

to have been the Original of all the others, is

that of Monfieur de la Hire.

:

In the Hiſtory of the French Academy for

the Year 1702, Monfieur de la Hire has fup-

poſed, that the Force of Powder may be ow-

ing to the increased Elasticity of the Air con

tained
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tained in, and between the Grains, in conſe-

quence of the Heat and Fire produced at the

Time of the Exploſion. Now, if this Air, to

whoſe augmented Spring the Violence ofGun-

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 muſt

be allowed to be ſo) the greatest Addition its

Elasticity could acquire from the Flame of

the Explosion, would not amount to five times

its uſual Quantity, as we shall more particu-

larly evince hereafter (a) ; that is, it would

not fuffice for the two hundredth Part of the

Effort, which we have found to be exerted

by fired Powder.

९

HOWEVER, this Hypotheſis hath given riſe

to many Differtations and Treatiſes in aneigh-

bouring Nation, and one Author in particu-

lar conceives he has made a very reasonable

Poftulate, in ſuppoſing the Elasticity of the

Air, whenheatedby the Exploſion ofthe Pow-

der, to be only an hundred Times greater

thanwhen it is heated to the Degree of boil-

ing Water. But as I think I have ſhewn

the Impoſſibility of accounting for the actual

Force of Power on theſe Principles, I will not

detain the Reader any longer with a particular

(a) Vid. Prop. V. Cap. 1. ofthefollowing Treatise.

Re



PREFACE. Ivii

Recital of the Speculations of theſe different

Writers ; eſpecially, as I flatter myſelf, that I

have eſtabliſhed that Theory of the Force of

Powder, which is contained in the following

Sheets, by ſuch deciſfive Experiments, as will

render a formal Confutation of any other Opi-

nion unneceſſary.

1

P

ERRATA.

AGE 28. line 3. for LM read LN.

Pag 32. lin. 6. Put afull Point after Velocity, anderase

that after indeed.

Pag. 33. lin. 3 and4, for ſenſibly, read ſenſible.

Pag. 36. lin. the last, for D 2 readD.

Pag. 42. lin. 8. after Length add and Weight.

Pag. 53. lin . 2. for two read too.

Pag. 62. lin. 33. for of read for. Also lin. 35. for clear read

clean.

Pag. 63. lin . 20. for by read from.

Pag. 72. lin . 5. erase it.

Pag. 93. lin. 19. for rotary read rotatory.

E

Corrected.
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CHAP. Ι.

Of the Force of Gunpowder.

PROPOSITION I.

Gunpowder,fired either in aVacuum or inAir,

produces by its Explosion apermanent elastic
Fluid.

Fa red hot Ironbe included in aRe-

ceiver, and the Receiver be exhauf-

ted, andGunpowder bethen let fall

on the Iron, the Powder will take

Fire, and the mercurial Gage will

fuddenly deſcend upon the Ex-

ploſion ; and, tho' it immediately aſcends again,

yet itwill never riſe to the Heightit firſt ſtood at, but

willcontinuedepreſſedby a Space proportioned to the

Quantity of Gunpowder, which was let fall on the

Iron. This is a well known Experiment, and is

circumſtantially deſcribed by Mr. Hauksbee, in the

Philofophical Transactions, No. 295 ; in which

Place he tells us, that he bythis means (firing fmall

Quantities at a Time) reduced the Gage from
B
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29 Inchesto 121. Now this Experiment,which has

been often repeated, provesthe Propoſition with re-

ſpect to the Production of a permanent elaftic Flu-

id in a Vacuum; for the Deſcent of the Gagecould

only be effectedby the Preffure of fome new gene-

rated Fluid in the Receiver, ballancing in Part the

Preffure of the external Air. That this Fluid or

fome Part of it at least was permanent, appears

from what Mr. Haukſbee relates inthe fame Place,

that tho' the Quickfilver afcended after the Opera-

tion, yet it nextDay had afcended no higher than

to 22 , at which Place it feemed to continue fix'd.

And, that this Fluid is elaſtic, is proved from the

Deſcent of the mercurial Gage; fince the Quantity

of Mattercontained in this Fluid, could not by its

Gravity alone have funk the Quickfilver by the leaft

ſenſible Quantity ; alſo from its extending itſelf

through any Space however great ; the Experiment

fucceeding in either a large or ſmall Receiver, only

the larger the Receiver the leſs will be the Deſcent

of the mercurial Gage to the fame Quantity of

Powder ; the Preſſure of the generated Fluid di-

miniſhing as its Denſity diminiſhes.

Thefame Production likewiſe takes Place, when

Gunpowder is fired in the Air ; * for if a ſmall

Quantity of Powder be placed in the upper Part of

aglaſs Tube, and the lower Part of the Tube be

immerged in Water, and the Water be made to

riſe ſo near the Top, that only a ſmall Portion of

Air is left in that Part where the Gunpowder is

placed ; if in this Situation the Communication of

the upper Part of the Tube with the externalAir

becloſed, and the Gunpowder be fired (whichmay

eafily be done by a Burning-glaſs) the Water

will in this Experiment deſcend on theExploſion,

as theQuickſilver did inthe laſt, and will always

* Vid. HauksbeePhyſ. Mechan. Exper, Page 81 .

continue

1

1
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continue depreſſedbelowthe Place, at which it ſtood

before the Explosion, and the Quantity of thisDe-

preſſion will be greater, if the Quantity of Pow-

derbe increafed, or the Diameter of the Tube be

diminiſhed. From whence itis proved, that as well

in Air asinaVacuum, the Exploſionof fired Powder

produces a permanent elaſticFluid.

SCHOLIUM.

It has been known ever ſince the Time of Mr.

Boyle, that many Subſtances, in Fermentation and

other chymical Operations, produce elaſtic Flu-

ids analogous inſome of their Effects to the com-

mon Air. It is likewise known, that other Mix-

tures will in many Caſes abſorb a Part of the Air

contiguous to them , in particular, it is obſerved,

that all burningBodies and all fulphureous Fumes

destroy great Quantities of Air, either by abſorbing

it into their ownSubſtance, or at leastbydepriving

it of its Elaſticity. This Creation and Confump-

tion of Air in chymical Proceſſes has been lately

moſt diligently and ſucceſsfully examined by the

Reverend Mr. Hales in his Vegetable Statics. And

on theſe Principles it follows, that in the laſt Ex-

periment the fulphureous Fumes arising from the

burning of the Charcoal andBrimſtonecontained in

thePowder muſt ſoon abſorb ſome of the Air, in

which the Powder is fired; for which Reafon

itis neceſſary, that the Bulk of theAir, which the

Powder is placed in,before it is fired, ſhould bear as

ſmall a Proportion as poſſible to the Quantity of

Powder, ſo that the Succeſs of the Experiment

may not be disturbed by the abſorbed Air, ap-

proaching to an Equality with the generated Fluid.

There is befides anotherReaſon, that,whenPowder

is fired inthe Manner of the laſt Experiment, the

Bulkof theAir, inwhich it is placed,ſhould be as little

as poſſible; which is, that the Fire at the inſtantof
B2
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the Expl fion will greatly augment the Elafticityof

thatAir, and the Preſſure arifing from this increafed

Elaſticity, being added to the Force of the gene-

rated Fluid, will endanger the bursting of theTube.

T PROP. II.

Toexplain more particularly the Circumstances

attending the Explosion of Gunpowder, either

inaVacuum or inAir, whenfiredin theMan-

ner described in the Experiments of the last

-Propofition. 11

WerneredReceiver
HEN any confiderable Quantity of Gun-

bybeing let fall on a red hot Iron ; the mercurial

Gage inſtantly deſcends upon the Explosion, and as

ſuddenly afcends again ; and after a few Vibrations,

none of which except the firſt are of any great Ex-

tent, it feemingly fixes at a Place lowerthan where

it ſtood before the Exploſion, and this ſtationary

Point is, what wehave always attended to in ourEx-

periments. But even, when theGage has acquired

this Point of apparent Repoſe, it still continues

rifing for a confiderable Time, altho' by ſuch im-

perceptible Degrees, that itcan only be discovered

bycomparingtogether its Place atdiſtant Intervals ;

however, it will notalways continue to afcend, but

will riſe flower andflower, till at laſt it will beabſo-

lutely fixed at a Point lower than where the Mer-

cury ftood before theExploſion. 1

The fame Circumstances nearly happen, when

Powderis fired in the upper Part of an unexhaufted

Tube, whoſe lowerPart is immerged in Water.

Now theſe Appearances allarife from thedifferent!

Modifications , which the Fluid produced from the

Exploſion undergoes. The first fudden Deſcent of

theMercury is effected by the Action of that Fluid,

while inthe Form of Flame. When the Flame is

extinguiſhed,

1
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1

extinguiſhed, and confequently theHeat of the Fla-

id is diminiſhed, its Elaſticity is likewiſe diminiſh

ed; and this being effected in a very ſhort Time,

occaſions the ſuddenRise of the Mercury after the

firſt Deſcent. When the Fluid is reduced to the

Temperature of thecontaining Receiver, its Elafti-

city isthenmore fixed and invariable ; andthis muſt

uſually happen by the Time the Mercurial Gage

firſt appears to be ſtationary. The ſubſequent flow

Afcent of the Mercury is partly owing to the De-

creaſe of the Heat of the Receiver, occafioned by

the cooling of the hot Iron contained in it ; but

muchmore to the Action of the fulphureous Fumes

of the Brimstone and Charcoal, which abſorb a Part

of the generated Fluid, and thereby diminiſh its

Preffure on the Gage.

SCHOLIUM.
r

Inthe following Propoſitions weshall irrefragably

demonſtrate, that the Force offiredGunpowder isno-

thing more than the Preffure of the Fluid, which is

generated in the preceeding Experiments ; and that

this Fluid in its Action obferves the fame Laws with

other elaſticFluids, particularly theAir ; fo that what-

ever Power is produced by the firing of a given

Quantity ofGunpowder, the famewouldbe exerted

by ſubſtituting in its ftead a Quantity ofAir equal

to the Fluid generated in the Explosion, provided

thatAir be included in the ſame Space, andbe heated

to the fame Degree, as the other Fluid is, at the In-

ſtant of its firing. Mr. Hales has concluded, that

theWeight of the factitious elaſtic Fluids produced

fromchymical Proceſſes isthe fame with that ofcom-

mon Air ; he having tried that produced from Tar-

tar with great Exactneſs. He has found too, that

theyexpandwith Heat, and contract with Cold, and

that with the ſame Preffure they are condenſed inthe

fameB3
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ſame Degree with common Air. And that, when

⚫they are cleared of their fulphureous Fumes, which

isdone by making them pats through Water, they

will then continue for many Months, nay Years,

without lofing any confiderable Part of their Eiafti-

city. And from theſe and other Circumstances he

doubts not to affert, that theſe Fluids are true per-

manentAir. Now if this beſuppoſed ofall, or any

of the elaſtic Fluids produced by Distillation, Burn-

ing, &c. it must be preferably allowed to be true of

that Fluid, which is generated in the Exploſion of

Gunpowder ; fince it is from Saltpetre alone, that

this Fluid ſeems to bederived (for neither the Brim-

ftone nor the Charcoal yield it, when fired by them-

ſelves) and Saltpetre is known tobe aSubſtance im-

bibed from the Air by Earth ; for the fame Parcel

of Earth by being properly expoſed to theAir will

furniſh Saltpetreover and over again for ever. How-

ever, tho' it be highly reasonable to ſuppoſe, that

the elaſtic Fluid ariſing fromthe firing ofPowder, is

genuine andpermanentAir ; yet theTruth or Falf-

hood of thisSuppoſition no ways affects the Certain-

ty of our Conclufions. It is ſufficient for our Pur-

poſe, that it is an elastic Fluid ; whether it be Air or

another Compoſition ourReaſoning will be ſtill the

fame, ſince it is by Experiments on this Fluid itſelf,

and not by obſcure Speculations on its Nature and

Qualities, that our future Deductions relating to its

Force andAction are confirmed.

PROP.
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PROP. III.

TheElasticityorPreffure of the Fluid produced

by thefiring ofGunpowder, is cæteris paribus

directly as its Denfity.

T

THIS follows from hence, that, if in the ſame

Receiver a double Quantity ofPowder be let

fall, the Mercury will lubſide twice as much as

in the firingofafingleQuantity. Forthe Vapour pro-

ducedfrom thedoubleQuantity being contained in the

fameReceiverwillbeofdouble theDentityof thatpro-

ducedfrom the fingleQuantity ; whencetheElasticity

or Preffure eftimatedby the Defcent of the Mercury

beinglikewiſe double, the Preffure is directly as its

Denſity. AlſotheDefcents oftheMercury,when equal

Quantities of Powder are fired indifferentReceivers,

are reciprocally as theCapacities of thoteReceivers,

and conſequently as the Denſity of the produced

Fluidin each.

But as in the uſualMethod of trying this Experi-

ment, the Quantities ofPowder are to very tmall,

that it isdifficult to aſcertain theſe Proportions to a

requifite Degree ofExactness, I took a large Recei-

ver containing about 520 Inches, and letting fall

at once on the red hot Iron, I Dram or the of an

Ounce Avoirdupoiſe ofPowder (the Receiver being

firſt nearly exhaufted,) the Mercury after theEx-

ploſion was ſubſided 2 Inches exactly, and all the

Powder had taken Fire. Thenheating the Iron a

ſecondTime, and exhausting it as before, 2 Drams

were let down at once, which funk the Mercury 3

and a ſmall Part of the Powder had fallen beſide the

Iron, which (the Bottom oftheReceiverbeing wet)

didnot fire, and theQuantity, that thus eſcaped,did

appear to be nearly ſufficient, had it fallen onthe
Iron

B4
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Iron, tohavefunk theMercury PartofanInch more ;

in which Cafe the two Deſcents, viz. 2 Inches, and

4 Inches, would have been accurately in the Propor-

tion of the reſpective Quantities of Powder ; from

which Proportion, as it was, they very little varied.

Hence then it appears, that the Elasticity of the

Vapour produced by Gunpowder in its Exploſion,

is directly as its Denſity.

PROP. IV.

To determine the Elasticity, and Quantity ofthis

elastic Fluid, producedfrom the Explosion ofa

given Quantity ofGunpowder.

A
Sdifferent Kinds of Gunpowder produce dif.

ferent Quantities of thisFluid in Proportion

to their different DegreesofGoodneſs, before

anydefiniteDeterminationofthiskind cantakePlace it

is neceſſary toaſcertain the particularSpecies ofPow-

der thatispropoſedtobeuſed ; andthereforeI ſhall in

every Examination and Poſition relating to this Sub-

ject ſuppoſe the Powder in Queſtion to be of the

ſame fort with what is made fortheUse of theGo-

vernment ; that being by Contract to conſiſt of a

known and invariable Proportion ofMaterials ; and

is therefore much properer for a Standard, than

what iscompounded according to the arbitrary Fan-

cy of the Artiſt.

This being fettled, we must further premiſe theſe

two Principles, which we have already mentioned

intheScholium to Prop II. the firſt, that the Elaſti-

city of this Fluid increaſes by Heat, and dimi-

niſhes by Cold, inthe fame Manner as that of the

Air; the ſecond, that the Denſity of this Fluid

and conſequently its Weight is the fame with the

Weightof an equal Bulk of Air, having ame

Elafticity, and the fame Temperature.
Now
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Now from theExperiment recited in the laſtPro-

poſition, it appearsthat ofanOunceAvoirdupoiſe or

about 27 Grains Troy, ofPowder, funk the Gage

on its Exploſion 2 Inches ; and the Mercury in the

Barometer ſtanding at near 30 Inches, 1 of an

Ounce Avoirdupoiſe, or 410Grains Troy, would

have filled theReceiver with a Fluid, whoſeElaſti-

city would havebeen equal to the whole Preſſure

of theAtmoſphere, or the fame with the Elaſticity

of the Air we breathe ; and the Content of the

Receiver being about 520 cubic Inches, it follows,

that of anOunce of Powder will produce 520

cubic Inches of a Fluid, poſſeſſing the fame De-

gree of Elaſticity with commonAir ; whence an

Ounce of Powder will produce near 575 cubic

Inches of fuch a Fluid.

5

But in order to aſcertain the Denſity ofthisFluid

we must conſider, what Part of its Elafticity at the

timeofthis Determination wasowing totheHeat it re-

ceived from the included hot Ironand the warm Re-

ceiver. NowthegeneralHeat of the Receiver being

manifeſtly less thanthat ofboiling-Water, which is

knowntoincreaſe the Elaſticity of theAir, fomewhat

morethan of its augmented Quantity, I collect from

hence and other Circumſtances,thattheAugmentation

ofElaſticity arising from this Cauſe was about the

of the whole, that is, ifthe Fluid arising from the

Exploſion had been reduced to the Temperatue of

the external Air, the Deſcent ofthe MercurialGage

inſtead of 2 Inches would have been only 1 Inch ;

whence 575, reduced in the Proportionof5 to 4, be-

comes460, andthis laſt Number reprefents the cubic

Inches of an elastic Fluid equal inDenſity and Elafti-

citywith commonAir, which are produced from the

Exploſion of 1 Ounce Avoirdupoife ofGunpowder,

the Weight of which Quantity of Fluid according to

theuſualEftimation of theWeight ofAir is 13 1Grains,

whence
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437
whence the Weight of this Fluid is or

of the Weight of the generating Powder.

nearly

If the Ratio of the Bulk of the Gunpowder to

the Bulk of this Fluid be wanted, this will be de-

terminedby knowing, that 1 Ounce 1Dram, or 17

Drams Avoirdupoiſe of Powder, fill 2 cubic

Inches, if the Powder be well fhook together ;

wherefore augmenting theNumber laſt found in the

Proportion of 16 to 17, the reſulting Term 488

is the Number of cubic Inches of an elastic Fluid,

equal in Denfity with the Air produced from 2 cu-

bic Inches of Powder ; whence the Ratio of the

reſpective Bulks of the Powder, and theFluid pro-

duced from it, is in round Numbers, 1 to 244.

And farther, to confirm this Determination, I

fired the Quantity of aDram ofPowder four times

ſucceſſively, in an exhausted Receiver by aBurning-

glaſs; the Capacity ofthis Receiver was 470 cubic

Inches. Theſe Experiments were more troubleſome

than thoſe, inwhich it was fired by a hot Iron, be-

cauſe itwas ſometimes long before it would fire ; in

which Interval the Air would often infinuate itſelf,

andtherebydisturbtheMeaſures ofthe Deſcent ; and

beſides, near Part of the Powder was usuallydiffi-

pated unfired by the Blaſt : However, by collecting

the Grains that were thus ſcattered, and weighing

them, and increaſing the Deſcentby aproportional

Quantity,theSubſiding of the Mercury, correſpond-

ing to one Dram of Powder, was the first time

2, 1- Inches, the ſecond time 1, 8 - Inches, the

third time 2, 1-, and the fourth time 1,85

Inches, or at a Medium 1,9 6 Inches ; and this,

diminiſhed in the Ratio of 520to 470, becomes

1,77 for the Deſcent to a like Quantity in the firſt

Receiver. Nowthe Deduction to be made on Ac-

count of the Heat of the Receiver was but little in

theſe Experiments ; for,by including a ſmall Ther-

mometer, I found that the Fluid within the Re-

ceiver
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ceiver was not hotter after theBlaſt than that ofthe

Summer Air ; whence, if the Deſcent 1,77 be re-

duced in the Ratio of 13 to 12, which is nearly

that of the Elafticity ofhotSummerAir to tempe-

rate Air, it becomes 1,63 nearly, which differs

little from 13, or 1,6 ; which is, whatwe found it

to be in the preceding Experiment : Whence the

Proportion between the reſpectiveBulks ofthe Pow-

der, and the Fluid produced from it, may be ſtill

affumed to be that of 1 to 244.

And this Ratio agrees very well with the Expe-

riment recited by Mr. Hauksbee in hisPhysico-Me-

chanic Experiments, p. 81 ; for he there found,that

oneGrain of Powder produced when fired in the

Air, a cubic Inch ofelastic Fluid, which, ſuppo-

fing the Denſity of Powder to be what we have

here affigned, gives the Ratio of their respective

Bulks to be that of 1 to 232 ; a Difference, from

what we have affigned above, that may easily ariſe

from the Difference of the Powder only. Whence

wemayconclude, that the Prefence of a greater or

leſs Quantity of Air does not affect the Production

of this Fluid ; fince, by comparing Mr. Haukſbee's

Experimentwith our own, it appears, that the ſame

Quantity of this Fluid is generated in a Vacuum as
intheAir.

If this Fluid, instead of expanding, when the

Powder was fired, had been confined in the fame

Space, which the Powder filled before the Explo-

ſion; then (itsElaſticity having been ſhewn to be

as its Denſity) itwouldhavehad, in that confined

State, af Degree of Elasticity 244 times greater

thanthat of common Air, and this independent of

the great Augmentation this Elaſticity would re-

ceive from the Action of the Fire in that inſtant.

Hence then we are certain, that any Quantity of

Powder fired in anyconfinedSpace, which it ade-

quately fills, exerts at the Inſtant of its Explosion

against
1
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against the Sides oftheVeſſel containing it, and the

Bodies it impells before it, a Force at least 244

times greater than the Elasticity of commonAir,

or, which is the ſame thing, than the Preſſure of the

Atmosphere ; and this without confidering the great

Addition which this Force will receive from the

violent Degree of Heat, with which it is endued at

that Time ; the Quantity ofwhich Augmentation is

the next Head of our Enquiry.
!

PROP. V.

To determine how much the Elasticity of the

Air is augmented, when heated to the ex-

tremest Heat of red-hot Iron.

O fix this Point, I a Piece of a Mufket-

Tbarrel, about fix Inches in Length, andor-
der'd one End to be cloſed up entirely, but the

otherEnd was drawn out conically, and finiſhed in

an Aperture of about of an Inch in Diameter.

ThisTube, thus fitted,was heated to the Extremity

of a red Heat in a Smith's Forge, and was then

immerged with itsAperture downwards in aBucket

of Water, and kept there, till it was cool ; after

which it was taken out carefully, and the Water,

whichhad enter'd it incooling, was exactly weigh'd.

The Weight of the Water thus taken in at three

different Trials was 610 Grains, 595 Grains, and

600 Grains reſpectively.

whole Cavity of the Tube was 796 Grains of Wa-

ter; whence the Spaces remaining unfilled in theſe

threeExperiments were equal inBulk to 186, 201,

196Grains of Water reſpectively ; andtheſe Spaces

diddoubtless contain all the Air, which, when the

Tube was red-hot, did extend through its whole

Concavity ; conſequently the Elaſticity of the Air,

when heated to the extreme Heat of red-hot Iron,

The Content of the

was
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was totheElaſticity of the fame Air, when reduced

to the Temperature of the ambient Atmosphere,

as the whole Capacity oftheTube to the reſpective

Spaces taken up by the cooled Air, that is, as 796

to 186, 201, 196, or taking the Medium of theſe

three Trials, as 796 to 1943 .

The Heat given to theTube each Time was the

Beginning of what Workmen call a white Heat ;

and to prevent the rushing in of the aqueous Va-

pour at the Immerfion, which will otherwise drive

outgreatPart oftheAir, and render theExperiment

fallacious, I had an Iron Wire filed tapering, ſo as

to fit theAperture of the Tube, and with this I al-

ways ſtopt it up, before it was taken from the Fire,

letting it remain in till the whole was cool, when

removing it, the due Quantity of Water would

enter.

PROP. VI.

Todetermine how much that Elasticity ofthe

Fluidproduced by thefiring of Gunpowder,

which we have above affigned, isaugmented

bytheHeat,ithasat theTime ofitsExplosion.

A
SAir and this Fluid appear to be equally

affectedby HeatandCold, and conſequently

have theirElaſticities equally augmentedbytheAddi-'

tion of equalDegrees of Heat to each, if we ſuppoſe

theHeat, with which the Flame of fired Powder is

endued, tobe the fame as that of the extremeHeat

of red-hot Iron, then the Elaſticity of the generated

Fluid will be greater at the Time of Exploſion ,

when it is in the Form of Flame, than afterwards,

when it is reduced to the Temperature of the am-

bientAir, in theRatio of 796to 194; nearly, thatis,

in theRatio of the Elasticities ofcommonAir,under

ſimilar Circumſtances, aſcertained inthe laft Propo
fition.

:

১

Now
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Now that the Heat ofPowder, when fired in any

confiderableQuantity, is not less thanthat ofred-hot

Iron, ſeems fufficiently evident fromthe Appearance

ofthe Flame, andthe knownProperties of fome of

its Materials ; for the Fire produced by the Explo-

ſion is certainly as active as anycommon Fire ; and

it is well known, that all Fires will communicate a

red-hot Heat to Iron, provided the Bulk of the Iron

be ſufficiently ſmall, whencompared with the Quan

tity of the Fire.

This being ſuppoſed then, that the Flame of

fired Gunpowder is not leſs hot than red-hot Iron

and the Elaſticity of the Air, and confequently of:

the Fluid generated by the Explosion, being aug-

mentedby the Extremity of this Heat in the Ratio

of 194 to 796, as has been ſhewn in the laft Pro-..

poſition, it follows, that if 244 be augmented in

this Ratio, the reſulting Number, which is 999 ,

will determine howmany times the Elasticity of the

Flame of firedPowder exceeds theElasticity ofcom-

monAir, ſuppoſing it to be confined in the ſame

Space which the Powder filled, before it was fired.

Forfince wehave ſhewn, in the 3d Propofition, that

the elaſtic Fluid produced from the firing a Quan-

tity ofPowderwould, if confined in the ſame Space

which the Powder took up before its Exploſion,

exert anElaſticity 244 times greater than theElaf-

ticity of commonAir, ſuppoſing the Temperature

of that Fluid and of theAir to be the fame ; it is

plain from hence, that,when 244 is increased inthe

Ratio, in which the Elasticity of this Fluid is

greater at the Time of the Exploſion than after-

wards, the reſulting Number will aſcertain, how

many times the Elasticity of this inflamed Fluid,

at the Inſtant of its Exploſion, and before it has

dilated itſelf, exceeds the Elaſticity of common
Air.

Hence

४
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Hence then the abſolute Quantity of the Preffure

exerted by Gunpowder at the Moment of its Ex-

ploſion may be affigned ; for, fince the Fluid, then

generated, has an Elaſticity 999 , or in roundNum-

bers, 1000 times greater than common Air ; and

ſince commonAir by its Elaſticity exerts a Preſſure

on any given Surface equal to the Weight of the in-

cumbent Atmoſphere, with which it is in Equi

librio, the Preſſure exerted by fired Powder, before

it has dilated itſelf, is one thousand times greater

than the Preſſure of the Atmoſphere, and confe-

quently the Quantity of this Force, on a Surface of

an Inch ſquare, amounts to above 6 Tun Weight,

which Force however diminiſhes, as the Fluid di-,

lates itſelf, according to what has been ſhewn in

the third Propoſition.

SCHOLIUM.
:

Tho' we have here ſuppoſed, 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 theBeginning of a white

Heat, (which Determination we ſhall hereafter

confirm by many Experiments) yet it cannot be

doubted, but that the Fire produced in the Explo-

fion is ſomewhat varied (like all other Fires) by a

greater or leſs Quantity of Fuel; and it may be

prefumed, that, according to the Quantity of Pow-

der 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-

tals; but as the Quantity of Powder requifite for

the Production of this laſt mentioned Heat, is cer-

tainly greater than what is ever fired together for

any military Purpoſe, we shall find, by our future

Experiments, that we shall not be far from our

Scope, if we ſuppoſe the Heat of ſuch Quantities
as
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as come more frequently inUſe tobe, when fired,

nearly the fame with the ſtrongest Heat of red-hot

Iron; allowing a gradual Augmentation to this

Heat in larger Quantities, and diminiſhing it when

theQuantities are very ſmall.

PROP. VII.

Given the Dimensions of any Piece of Artil-

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

tity of its Charge, to determine the Velocity

which the Ball will acquire from the Explo-

fion, fuppofing the Elasticity of the Powder

at thefirst Instant of itsfiring to be given.

I
N the Solution ofthis Problem, we shall aſſume

the two following Principles :
N

I. That the Action of the Powder on the Bullet

ceafes, as foon as theBullet is got out of the Piece.

II. That all the Powder of the Charge is fired,

and converted into an elastic Fluid, before theBul-

let is ſenſibly moved from its Place.

Theſe Poftulates we ſhall demonftrate in an an-

nexed Scholium ; and they being ſuppoſed, the Pro-

pofition itſelf is thus determined :

LetAB repreſent theAxis of anyPiece ofArtil-

Jery,AtheBreech, andBtheMuzzle ; DC theDia-

meter of its Bore, and DEGC a Part of its Cavity

filledwith Powder. Suppoſe theBall, that is to be im

pelled, to lie with its hinderSurface at theLine GE,

thenthe Preffure exerted at the Exploſion, on the

Circle of which GE is the Diameter, or, which is

the fame thing, the Preffure exerted in the Direc-

tion FB, on the Surface of the Ball, is easily known
from
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from the known Dimenſions of that Circle; draw

any Line FH perpendicular toFB, andAI paral-

lel toFH, andthrough the PointH, to the Aſymp-

totes IA andAB, deſcribe the HyperbolaKHNQ;

then if FH repreſents theForce impelling theBall

at the Point F, the Force impelling the Ball in

any other Place asM will be repreſented by the

Line MN, the Ordinate to the Hyperbola at that

Point ; for when the Fluid impelling the Body

along, has dilated itſelf toM, its Density will, be

then to its original Denſity in the Space DEGC

reciprocallyas theSpaces, thro' which it isreſpective-

lyextended ; that is, as FA to MA, or as MN to

EH; but wehave ſhewn in the ſecond Propoſition,

that the Elaſticity or impelling Force of this Fluid

is directly as its Denſity ; therefore, if FH re-

preſents that Force at the PointF, MN will repre-

fent the like Force at the Point M.
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Since the abſolute Quantity of the Force impell-

ing the Ball at the Point F is known, and the
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Weight of the Ball is likewise known ; the Pro

portionbetweenthe Force, theBall is impelled with,

and its own Gravity is known. In this Proportion

take FH to FL, and draw LP parallel to FB ;

then MN the Ordinate to the Hyperbola in any

Point will be to its Part MR, cut off by the Line

LP, as the impelling Force of the Powder in that

PointM, to 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 ; whilst the Hyperbola HNQdeter-

mines in like Manner fuch Ordinates, as are

proportional to the impelling Force of the Pow-

der in every Point ; whence, by the 39th Propofi-

tion of Lib. I. of Sir Ifaac 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 onby its

own Gravity through the Space FB, and when im-

pelled through the fame Space by the Force of the

Powder. But fince the Ratio ofAF to AB, and the

Ratio of FH to FL are known, the Ratio of the

Area FLPB to the Area FHQB is known ;

and thence its Subduplicate. And fince the Line

FB is given in Magnitude, the Velocity, which a

heavy Body would acquire when impelled thro

this Line by its ownGravity, 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 laſt mentioned Velocity

bears the given Ratio of the Subduplicate of the

Area FLPB to the Area FHQB, and this Ve-

locity, thus found, is the Velocity the Ball will ac-

quire when impelled thro' the Space FB by the

Action of the inflamed Powder.

Now to give an Example of this, letus ſuppoſe

AB the Length of the Cylinder to be 45Inches, its

Diameter DC, or rather the Diameter of the Ball,to

be



( 19)

be of an Inch, and AF the Extent of the Pow

der to be 2 Inches; to determine the Velocity

which will be communicated to a leaden Bullet by

the Exploſion, ſuppoſing theBullet laid at firſt with

its Surface contiguous to the Powder.

By the Theory we have laid down in the laſt

Propoſition, it appears, that at the firſt Inſtant of

the Exploſion the Flame will exert, on the Bullet ly-

ing cloſe to it, a Force 1000 times greater thanthe

Preſſure of the Atmosphere ; the Medium Preſſure

of the Atmoſphere is eſteemed equal to that of a

Column of Water 33 Feet high ; whence Lead be-

ing toWater as 11,345 to 1 , this Preſſure will be

equal to that of a Column of Lead 34,9 Inches in

Height, whence multiplying thisby 1000, aColumn

of Lead 34900 Inches high would produce a Pref-

fure equal to what is exerted on the Ballby the Pow-

der in the firſt Inſtant of the Exploſion, and the leaden

Ballbeing & ofanInch inDiameter, and conſequently

equal to a Cylinder of Lead on the ſame Baſe an

Inch in Height, the Preſſure at firſt acting on it will

be equal to 34900×2 or 69800 times its Weight ;

whence FLto F Hisas 1 to 69800 : And FB to FA

is as 45-2 (or 42 ) to 2 ; that is, as339 to 21 ,

whence the Rectangle FLPB is to the Rectangle

AFHS, as 339 to 21 X 69800; that is, as I to43

24-. And from the knownApplication of the Lo-

garithms to theMenſurationof theHyperbolicSpaces

itfollows, that the Rectangle AFHS is to theArea

FHQB as 43429 &c. is to the tabular Loga-

rithm of ; that is, of , which is 1,2340579,
whence the Ratio of the Rectangle FLPB to the

Hyperbolic Area FHQB is compounded of the

Ratios of 1 to 4324-, and of ,43429 &c. to

1,2340579, which together make up the Ratio of

I to 12263, the Subduplicate of which is the Ratio

of 1 to 110,7 ; and inthis Ratio is the Velocity,

which theBullet would acquire by Gravity, in fall-

ing through a Space equal toFB, to the Velocity
C2

the
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the Bullet will acquire from theAction of thePow-

der, impelling it through FB, but the Space FB

being 42 Inches, the Velocity a heavy Body will

acquire in falling through fuch a Space is known

to be, what would carry it nearly at the Rate of

15, 07 Feet in 1" of Time; whence the Velocity,

towhich thishas theRatio of 1 to 110,7, isaVelocity,

which would carry the Ball at the Rate of 15,07X

110,7 Feet in 1 " of Time ; that is, at theRate of

1668 Feet in 1 " ofTime. Andthis is the Velocity,

which, according to the Theory, the Bullet in the

preſent Circumstances would acquire from the Action

of the Powder, during the Time of its Dilatation.

And this being once computed for one Cafe is

eaſily applied to any other ; for, if the Cavity DE

GC left behind theBulletbe only in Part filled with

Powder, then the LineHF, and confequently the

Area FHQB will be diminiſhed in the Propor-

tion ofthe whole Cavity to the Part filled ; if the

Diameter of the Bore be varied, the LengthsAB and

AF remaining the fame,thenthe Quantity ofPow-

der and the Surface of the Bullet, which itacts on,

will be varied in the duplicate Proportion of the

Diameter ; butthe Weight of theBullet will vary in

thetriplicate Proportion oftheDiameter ; wherefore

the LineFH,whichis directly as the abſolute impell-

ingForceof thePowder, andreciprocally astheGra-

vityoftheBullet, willchangein the reciprocalPropor-

tionoftheDiameteroftheBullet. IfAF theHeighth of

the Cavity left behind theBulletbe increaſed ordimi-

niſhed, theRectangle ofthe Hyperbola, and confe-

quently theArea correſponding to ordinates inany gi-

venRatio,willbe increaſed or diminiſhed inthe fame

Proportion. From all which it follows, that theA-

rea FHQB, which is in the duplicate Proportion

oftheVelocity ofthe impelledBody, willbe directly

as the LogarithmA , (whereAB reprefents theLength

of theBarrel, and AF the Lengh of the Cavity left

behind the Bullet) alſo directly as the Part of that

AB

Cavity
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Cavity filled with Powder, and inverſely as theDia-

meter of the Bore or rather of the Bullet, likewife

directly as AF the Height ofthe Cavity left behind

the Bullet. Conſequently the Velocity being com-

puted above for a Bullet of a determined Diameter

placed in a Piece ofagiven Length and impelledby

a given Quantity of Powder, occupying a given

Cavity behind thatBullet, it follows, that by means

of theſe Ratios the Velocity of any other Bullet may

be thencededuced, the neceſſary Circumſtances of its

Poſition, Quantity of Powder, &c. being given.

Where note, that inthe Inſtance of this Propofition

wehave ſuppoſed the Diameter ofthe Ball to be of

an Inch : Whence the Diameter of the Bore will be

ſomething more, and the Quantity of Powder con-

tained in the Space DEGC will amount to exact-

ly 12dw. a ſmall Wad of Tow included.

SCHOLIUM.

In this Propoſition we have taken for granted,

1st. That the Action ofthe Powder on the Buller

ceaſes, as foon as the Bullet is got out ofthePiece,

2dly, That all thePowder ofthe Charge is fired,

before the Bullet is ſenſibly moved from its Place.

Theſe Afſumptions we are now to demon-

ſtrate.

The firſt will, I prefume, appear manifeft, when

it is conſidered, how fuddenly the Flame will ex-

tend itſelf on every fide, by its own Elasticity,

when it is once got out ofthe Mouth of the Piece,

for by this means its Force will then be dif-

fipated, and the Bullet will be no longer ſenſibly

affected by it.

The ſecond Principle is indeed leſs obvious, being

contrary to the general Opinion of almoſt all

Writers on this Subject. But however it is not leſs

certain. It might perhaps be ſufficient for the

ProofC3
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Proof of this Poſition to obſerve the prodigious

Compreſſion of the Flame in the Chamber of the

Piece. Those, who will attend to thisCircumſtance and

to the eafy Paſſage of the Flame through the Inter-

valsoftheGrains, mayſoon fatisfythemſelves, that no

one Grain contained in that Chamber can continue

for any Time uninflamed, whenthus ſurrounded and

violently preſſed by ſo active a Fire. However, not

to rely onmere Speculation in a Point of ſo much

Conſequence, I confidered, that, if Part only of the

Powder is fired, and that ſucceſſively, then by lay-

ing a greater Weight before the Charge (ſuppoſe

2 or 3 Bullets instead of one) a greater Quantity of

Powder would neceſſarily be fired, ſince a heavier

Weightwould be a longer Time in paſſing through

the Barrel. Whence it ſhould follow, that two or

three Bullets would be impelled by a much greater

Force than one only. But the contrary to this ap-

pears by Experiment ; for firing one, two, andthree

Bullets laid contiguous to each other with the ſame

Charge reſpectively, I have found (by a Method

to be mentioned hereafter) that their Velocities were

not much different from the Reciprocal ofthe Sub-

duplicate of their Quantities of Matter, that is,

ifa given Charge would communicate to one Bul-

let a Velocity of1700 Feet in 1", the fame Charge

would communicate totwo Bullets a Velocity from

1250 to 1300 Feet in 1", and to three Bullets a

Velocity from 1050 to 1110 Feet in one 1". From

hence it appears, that, whether the Piece be loaded

with a greater or leſs Weight of Bullet, the Ac-

tion of the Powder is nearly the ſame ſince all

Mathematicians know, that ifBodies containing dif-

ferentQuantities ofMatter are ſucceſſively impelled

thro' the fame Space by the fame Power, acting

withadetermined Force at each Point ofthat Space,

then the Velocities given to thoſe different Bodieş

will be reciprocally in the fubduplicate Ratio of
their
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their Quantities of Matter. The Exceſs oftheVe-

locities of the two and three Bullets above what

they ſhould have been by this Rule, (which are that

of 1200 and 980 Feet in 1" ) does doubtleſs ariſe

from the Flame, which escaping by the Side of the

firſt Bullet acts on the Surface of the ſecond and

third.

Now this Exceſs has in many Experiments

been imperceptible, and the Velocities have been

reciprocally in the fubduplicateRatios ofthe Num-

ber ofBullets to ſufficientExactness ; and where this

Error has beengreater, ithas never ariſen to an eighth

Part of the whole; butif the commonOpinion was

true, that a ſmall Part only of the Powder fires at

firſt, and other Parts of it ſucceſſively, as the Bullet

paſſes through the Barrel, and that a confiderable

Partofit is often blown outof the Piece without fir-

ing at all ; thenthe Velocity, whichthree Bullets re-

ceived from the Explosion, ought tohave been much

greater, than we have ever found it to be; ſince the

Time of the Paſſage of three Bullets thro' the Bar-

rel being nearly double theTime, inwhich one paf-

fes, it ſhould happen, according to this vulgar Sup-

poſition, that in a double Time a much greater

Quantity of the Powder ſhouldbe fired, and con-

ſequently a greater Force ſhould have been produced,

than what acted on the ſingle Eullet only, contrary

to all our Experiments.

Butfurther, the Truth ofthe ſecond Poftulate will

be more fully evinced, when it ſhall appear, as it

will hereafter, that the Rules founded on this Sup-

poſition aſcertain the Velocities of Bullets impelled

by Powder, to the fame Exactness, when they are

acted on through a Barrel of 4 Inches in Length

only, as when they are discharged from one of four

Feet.

With Refpect to theGrains of Powder, which

are often blown out unfired, and which are always

C4 urged

1
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urged as aProofof thegradual firing oftheCharge,

Ibelieve Diego Uffano, a Perſon of great Experi-

ence in the Artof Gunnery, has given the trueRea-

fon for this Accident, which is, that ſome ſmall

Part of theCharge is often not rammed up with the

reſt, but is left in the Piece before the Wad, and is

by this Means expelled by the Blaſt of Air before

theFirecanreach it*; Imuſtadd, that in theCharging

ofCannon and ſmall Arms, eſpecially after the firſt

Time, this is ſcarcely to be avoided by any Method

I have yet ſeen practiſed. Perhaps too, there may

be ſome few Grains in the beſt Powder of ſo he-

terogeneous a Compoſition as to be leſs fufceptible

of firing, which I think I have myself obſerved ;

theſe, tho' they are furroundedby the Flame, may

be driven out unfired. However, be that as it

may, the Truth of our Poſition cannot in general

bequeſtioned.

Havingin this Propoſition ſhewnhowtheVelocity,

which any Bullet acquires from the Force ofPow-

der, may be computed upon the Principles ofthe

Theory laiddown inthe preceeding Propoſitions of

this Treatiſe, we will next ſhew, that the actual Ve-

locities, with which Bullets ofdifferent Magnitudes

are impelled from different Pieces, with different

Quantities of Powder, are really the fame with the

Velocities affigned by theſe Computations, and

conſequently, that this Theoryofthe Force ofPow-

der, here delivered, does unquestionably afcertain

the true Action and Modification of this enormous

Power.

But in order to compare the Velocities commu-

nicated to Bullets by the Exploſion with theVeloci-

ties reſulting from the Theory by Computation, it

is neceſſary, that the actual Velocities, with which

Bullets move, ſhould be capable of being diſco-

vered, which yet is impoffible to be done by any

* Dialog. 20 .

Methods
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Methods hitherto made publick. The only Means

hitherto practised by others for that Purpoſe have

been either by obſerving theTime of the Flight of

the Shot through a given Space, or by meaſuring

theRange of the Shot at a given Elevation ; and

thence computing, on the Parabolic Hypothefis,

what Velocity would produce this Range. The

firſt Method labours under this inſurmountableDif-

ficulty, that the Velocities of theſe Bodies are often

۱

fo ſwift, and conſequently the Time obſerved is fo

ſhort, that an imperceptible Error in that Time

may occafion an Error in the Velocity, thus found,

of 2, 3, 4, 5, or 600 Feet in a Second. The other

Method is fo fallacious, by reaſon of the Reſiſtance

of the Air, (to which Inequality the firſt is alſo li-

able) that the Velocities thus affigned may not be

perhaps the tenth Part of the actual Velocities

fought.

To remedy then theſe Inconveniencies, I have

invented a new Method of finding the real Veloci-

ties of Bullets of all kinds ; and this to ſuch a De-

gree of Exactness, (which may be augmented too

atPleaſure) that in aBullet moving with aVelocity

of 1700 Feet in 1 ", the Error in the Eſtimation of

it need never amount to its five hundredth Part ;

and this without any extraordinary Nicety in the

Conſtruction of the Machine. The Deſcription and

Uſe of which is the Subject of the next Propo-

fition.

PROP. VIII.

To determine the Velocity, which any Ball

moves with at any Distance from the Piece,

it is discharged from.

T
HE ſimpleſt Method of effecting this is by

Means of an Inſtrument like to that exhibited

inthe engraved Figure, where ABCD reprefents

the



(26 )

1

the Body of the Machine compoſed of the three

Poles B, C, D ſpreading atBottom, andjoining to-

gether at theTopA; being the fame with what is

vulgarlyuſed in the weighing and lifting of very

heavy Bodies, and is called by Workmen theTri-

angles. Ontwo oftheſe Poles, towards their Tops,

are fcrewed on the Sockets RS ; and on theſe

Sockets the Pendulum EFGHIK is hung by

Means of its croſs Piece EF, which becomes its

Axis of Suſpenſion, and on which it must 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 ſeen in this Scheme ;

but its entire Shape is repreſented in the annexed

FigureA.

A .1

The lower Part ofthe Pendulum iscovered with

a thick Piece of Wood GKIH, which is faſten'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

ſuſpended ; andtothis Brace there is faſten'd a Con-

trivance MNU, made with two Edges of Steel,

bearingon each otherin the LineUN, ſomething in

the Manner of a Drawing-pen ; the Strength with

which theſe Edges preſs on each other being dimi-

niſhed or increaſed at Pleaſure, by Means of a

Screw Z going through the upper Piece. There is

faſten'd to the Bottom of the Pendulum a narrow

Ribbon LN, which paſſes between theſe Steel Edges,

and which afterwards, by Means of an Opening

cut in the lower Piece ofSteel, hangs looselydown,

as at W.

This Inſtrument thus fitted, if the Weight of

the Pendulum be known, and likewise the reſpec-

tive Diſtances of its Centre of Gravity, and of its

Centre of Ofcillation, from its Axis of Suſpenſfion,

it will thence be known, what Motion will be com-

municated to this Pendulum by the Percuſſion of a

Body of a known Weight moving with a known

Degree of Celerity, and ſtriking it in a given

Point , that is, if the Pendulum be ſuppoſed at

Reft before the Percuſſion, it will be known, what

Vibration it ought to make in Conſequence of fuch

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

Pendulum, beingat Reſt, is ſtruck by a Body of a

known Weight, and theVibration, which the Pen-

dulum makes after theBlow, is known, the Veloci.

ty ofthe ſtrikingBodymay fromthencebedetemined.

Hence then, if a Bullet of a known Weight

ſtrikes the Pendulum, and theVibration, which the

Pendulum makes in conſequence of the Stroke, be

aſcertained, theVelocity, with which the Ball moved,

is thence to be known.

Now the Extent of the Vibration, made by the

Pendulum after theBlow, maybe meaſured togreat

Accuracy by the Ribbon LN ; for let the Preſſure

of theEdges UN on the Ribbon be fo regulated

by

:
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1

by the Screw Z, that the Motion of the Ribbon

between them may be free and eaſy, tho' with ſome

minute Refiſtance; then fettling the Pendulum at

Reſt, let the Part LN between the Pendulum and

the Edges be drawn ſtrait, but not ſtrained, and fix

aPin in that Part ofthe Ribbon, which is then con-

tiguous to the Edges: Let now a Ball impinge on

thePendulum, then the Pendulum fwinging back

will draw out the Ribbon to the juſt Extent of its

Vibration, which will confequently be determined

by the Interval on the Ribbon between the Edges

UN and the Place of the Pin.

But the Computation, by which the Velocity of

the Ball is determined from the Vibration of the

Pendulum after the Stroke, requires a more parti-

cular Explication ; and for this Purpoſewe will ex-

hibit, as an Example, the Pendulum made ufe of

byus in fome of our Experiments.

TheWeight of the whole Pendulum, Wood and

all, was 56 lb. 3 oz. its Centre of Gravity was 52

Inches diſtant from its Axis of Suſpenſion, and

200 of its ſmall Swings were performed in the

Time of 253 Seconds ; whence its Centre ofOfcil-

lation (determined from hence) is 62 Inches dif-

tant from that Axis. The Centre of the Piece of

Wood GKIH is distant from the fame Axis 66

Inches.

in

In the compound Ratio of 66 to 623, and 66 to

52, take the Quantity of Matter of the Pendulum

to a 4th Quantity, which will be 42 lb. oz . Now

Geometers will know, that if the Blow be ftruck in

the Centre ofthe Piece of Wood GKIH, the Pen-

dulumwill reſiſt to theStroke in the ſameManner,

as if this laſt Quantity of Matter only (42 lb. oz.)

was concentrated in that Point, and the rest of the

Pendulum was taken away ; whence, ſuppoſing the

Weight of the Bullet impinging in that Point to be

the of a Pound, or the of this Quantity of

Matter
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505

Matter nearly, the Velocity ofthe Point of Percuf

fion after the Stroke will, by the Laws obſerved in

the Congress of ſuchBodies as rebound not from

each other, be the sos of the Velocity the Bullet

moved with before the Stroke ; whence the Veloci-

ty of this Point of Percuſſion 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 easilydeduced from the Chord of the

Arch, through which it aſcends by the Blow ; for

it is a well known Propoſition, that all pendulous

Bodies afcend to the fame Height by their vibratory

Motion, as they woulddo, if they were projected

directly upwards from their lowest Point, with the

ſame Velocity they have in that Point ; wherefore,

ifthe verſed Sine of the afcendingArch be found,

(which is easily determined from the Chord and

Radius being given) this verſed Sine is the per-

pendicular Height, to which a Body projected up-

wards with theVelocity of the Point of Percuſſion

would ariſe ; and, confequently, what thatVelocity

is, canbe easily computed by the commonTheory

of falling Bodies.

For instance, the Chord of theArch, deſcribed

by the Afcent of the Pendulum after the Stroke

meaſured on the Ribbon, has been ſometimes 17

Inches ; the Diſtance of the Ribbon from theAxis

of Suſpenſion is 71 Inches, whence reducing 17

in the Ratio of 71 to 66, the reſulting Number,

which is nearly 16Inches, will be theChord of the

Arch, through which the Centreofthe BoardGKIH

afcended after the Stroke: Now the verſed Sine of

anArch, whoſeChord is 16 Inches, and its Radius

66, is 1,93939 ; and the Velocity, which would

carry a Body to this Height, or, which is the fame

thing, the Velocity, which a Body would acquire by
defcending
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deſcending through this Space, is nearly that of

3.Feet in 1 " .

505

To determine then the Velocity, with which the

Bullet impinged on the Centre of the Wood, when

the Chord of the Arch described by the Afcent of

the Pendulum, in conſequence of the Blow, was

17 Inches meaſured on the Ribbon, no more is

neceſſary, than to multiply 3 by 505, and the

reſulting Number 1641 will be the Feet which the

Bullet would deſcribe in 10, 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 ſtruck, we have just now deter-

mined to be that of 34Feet in 1 " ; and we have

before ſhewn, that this is the of the Velocity of

the Bullet. If then aBullet weighing of a Pound

ſtrikes the Pendulum in the Centre of the Wood

GKIH, and the Ribbon be drawn out 174 Inches

by theBlow, the Velocity of the Bullet is that of

1641 Feet in 17. And fince the Length, the Rib-

bon is drawn, is always nearly the Chord of theArch

deſcribed by the Afcent, (it being placed ſo as to

differ inſenſibly from theſe Chords which moſt fre-

quently occur) and theſe Chords are knowntobe in

the Proportion of the Velocities of the Pendulum

acquired fromthe Stroke, it follows, that the Pro-

portion between the Lengths of Ribbon drawn

out at different times, will be the ſame with that

of the Velocities of the impinging Bullets ; and,

conſequently, by the Proportion of theſe Lengths

ofRibbon to 174, 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 ſhewn, in general, how theVeloci-

ties of Bullets of all kinds may be found out by

Means of this Inſtrument ; but that thoſe, who may

bediſpoſed to try theſe Experiments, may not have

unforeſeen Difficulties to ſtruggle with, Iſhall here

fubjoin
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ſubjoin a fewObſervations, which it willbe neceffary

forthem to attend to, both to fecure Suceefs to their

Trials, and Safety to their Perſons.

And firſt, that they may not conceive the Piece

of Wood GKIH to be an unneceſſary Part of the

Machine, I must inform them, that if aBullet im-

pelled by a full Charge of Powder ſhould ſtrike

directly on the Iron, the Bullet would be beaten in-

to Shivers by the Stroke, and theſe Shivers will re-

bound back with fuch Violence, as to bury them-

ſelves in any Wood they chance to light on, as I

have found by hazardous Experience ; and beſides

the Danger, the Pendulum will not inthis Inſtance

aſcertain the Velocity of the Bullet, becauſe the

Velocity, with which theParts of it rebound, is un-
known.

The Weight of the Pendulum, and the Thick-

neſs of the Wood, must be in ſome Meaſure pro-

portioned to the size of the Bullets which are uſed.

APendulum of the Weight here deſcribed will do

very well for all Bullets under three or fourOunces,

if the Thickness of the Boardbe increaſed to 7 or 8

Inches for the heaviest Bullets; Beech is the toughest

and propereſt Wood for this Purpoſe.

It is hazardous ſtanding on the fide of the Pen-

dulum, unless the Board be ſo thick, that the

greatest Part of the Bullet's Force is loſt before it

comes at the Iron, for if it ſtrikes the Iron withVio-

lence, the Shivers of Lead,which cannot return back

thro' the Wood, will force themselves out between

the Wood and Iron, and will fly to a conſiderable

•Diſtance.

As there is no effectual wayof faſtening theWood

to the Iron but by Screws, the Heads of which muſt

come thro' the Board ; the Bullets will fometimes

light on thoſe Screws, from whence the Shivers will

diſperſe themſelves on every fide.

When
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When in theſe Experiments ſo ſmall a Quantity

ofPowder is used, as will not give to the Bullet a

Velocity ofmorethan 4 or 500Feet in 1", theBullet

will not ſtick in theWood, but will rebound from

itentire, and (if the Wood be of a very hardTex-

ture) with avery confiderable Velocity. Indeed. I

have never examined any of the Bullets, which have

thus rebounded, but I have found them indented

by the Bodies they have ſtruck againſt in their Re-

bound.

To avoid then theſe Dangers, to the braving of

whichinPhiloſophical Reſearches no Honour is an-

nexed, it willbe convenient to fix whatsoeverBarrel is

uſed,on astrong heavyCarriage, and to fire itwith a

little flow Match. Let the Barrel too be very well

fortified in all its Length ; for noBarrel, (I speak of

Muſket Barrels) forged with the uſual Dimenſions

will bear many of the Experiments recited here-

after without burſting, as I have found to my Coft.

The Barrel, I have moſt relied on, and which I

procured to be madeon Purpoſe, isnearly as thick

at the Muzzel as at the Breech, that is, it has

ineach Place nearly the Diameter of its Bore in

Thickness ofMetal .

The Powder uſed in theſe Experiments ſhould

be exactly weigh'd,and that no Part of it be ſcatter-

edin the Barrel, the Piece mustbe charged with a

Ladlein the ſame manner as is practiſedwithCannon,

theWad ſhould be ofTow ofthe ſame Weight each

Time, and no more than isjuſt neceſſary to confine

the Powder in its proper Place, the Length of the

Cavity left behind the Ball ſhould be determined

each Time with Exactness, for the increaſing or di-

miniſhing that Space will varythe Velocity of the

Shot, altho' the Bullet and Quantity of Powder be
not changed. The Diſtance of the Mouth of the

Piece from the Pendulum oughttobe ſuch, that the

Impulſe ofthe Flame maynot act onthePendulum ;

this
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this will be prevented inacommonBarrel charged

with anOunce of Powder, ifit be at theDiſtance of

16 or 18 Feet; in larger Chargesthe Impulſe is ſen-

fible farther off, Ihave founditextend toabove 25

Feet; however, between 25 and 18 Feet is theDif

tance Ihaveusuallychoſen; other Precautions, which

are neceſſary, will better find their Place in theAc-

count of the Experiments Ihave made, to which

Inowhaſten.

PROP. IX.

To compare the actual Velocities with which

Bullets ofdifferent kinds are dischargedfrom

their respective Pieces, with their Velocities

computed from the Theory.

H

OW to determine the actual Velocities with

whichBullets aredischarged, has been amply

ſhewn in the laſt Propoſition; and how to compute

the Velocity with which they would bediſcharged

according to our Theory, has been likewife fully

explained in the fixth Propoſition ; we shall here

then compare the Reſult of our Theory with Ex-

perience, andthence evince, how accurately that

Theory agrees with the real Motions ofBullets,

tho founded on Principles noways connected with

theſeExperiments.

The firſt Experiments, I ſhall exhibit, were made
with a Barrel of the ſame Dimenſions with theEx-

ample of the fixth Propoſition, the Ball being of

an Inch inDiameter, the Length 45Inches, and the

Cavity containing the Powder 2 & Inches, which, as

theBarrel exceeded theBullet inDiameter by about

the ath of an Inch, juſt contained 12 dw. of Pow-
der.

The Bullet thus made uſe of was of a Pound,

Avoirdupoiſe, inWeight, and conſequentlythe fame
withD

:
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with the Exampleof the ſeventh Propoſition ; but the

Board on thePendulum uſed here was 4 lb. lighter

thanwhat is affigned inthatExample; from theſeCir-

cumſtances, andthe Velocity whichby theTheorythe

Bulletoughtto bediſchargedwith,there isknownthe

Chord of theArch meaſured on the Ribbon, thro

which the Pendulum ſhould aſcend after theStroke,

if the Theory betrue : Hownearthis agrees withour

Experiments, will appear by the followingTable:

Quantity of
Powder.

No.

Chord of afcending | The ſame by

Arch meafured on theTheory.
theRibbon.

Error of

Theory.

Dw.

I 12 18,7 19,0 ++3
V

2 12
19,6 19,0 一, 6

3
6

13,6 13,4 一,2

The next Experiments were made with the fame

Barrel, but the Board on the Pendulum was now of

little more Weight than that in the Example of

the ſeventh Propofition.

Length | Quan-

of the

Cavity

contain-

ing the

!

Chordofafcend- The fame

tityof

Powder.

ingArch mea-

fured on the

byTheory.

Error of

Theory..

1 Ribbon.

Powder

or Line

AF, in

Fig. 1.

No. Inches. Dw. Inch. Inch. Inch

4
2 6

11,9 12, F 2

5
2 6 12,2 12, 1

I

6 14 6
13,2 13,6 +, 4

I

7
14

6
13,9 13,6 一3

8 2 12
16.7 17,2 +, 5

9
2 12

17,5 17,2 一,3

10 2 12
16,9 16,8 -, 1

1 2-8- 12-
17,0 16,8 2

12 2 6
11,7 11,5 一, 2

13
2 6

11, 1 11,5 +,4

14
2 12

16,7 16,3 4

The
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The last five Numbers reſulting from the Theory

are corrected from the Quantity of Bullets lodged

in the Board, which, as many otherExperiments of

a different kindwere tried inthe Interval, amounted

at laſt to above two Pounds ; whence the Weight

of the Pendulum being increaſed, its Vibration with

the ſame Blow muſt be proportionably diminiſhed.

The next Experiments were made with a Barrel

of the ſame Bore with the laſt, but only 12, 37.5

Inches in Length: To diftinguiſh them, we shall

for the future denominate the firſt Barrel by the

LetterA, and this ſhort one by C. TheBoard on

the Pendulum was at firſt rather lighter than in the

Example of the ſeventh Propoſition.

Quan- Chord of af-

tityof

Extent

ofthe

The fame Errorof

cendingArch by Theory. Theory.

Cavity

contain-

Powder. meaſured on

theRibbon.

ingthe

Powder.

No. Barrel Inch. Dw. Inch. Inch.

15
C

25
12

12,7 12,8

16 C 2

5
8 12 12,6 12,8 , 2

17
C 2 12

12,4 12,8 +, 4

18 A 2 12
17,0 17,3 +3

19
A 2 12

17,2 17,2 ,0

20 A

21 A

2
0

12
17, 1I 17,2 4, I

2 12
17,2 17,2 ,0

22 A 28 6
12,4 12,2 一, 2

Infome of the following Experiments a third

Barrel was used 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 firſt but littleheavierthan that in the ſeventh

Propofition ; andwhen in the Courſe of the Experi-

ments it is ſenſibly increaſed in the Weight, Idimi-

niſh theNumbers arising from the Theory by a

correfponding Part,
D2 No..
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Extent Quanti- Chord of af- | The fame

ofthe

Cavity

contain-

ing the

tyof

Powder.

cendingArch by Theory.

Errerof

Theory.

meaſured on

theRibbon.

Powder.

No. Barrel. Inch.
dw. Inch. Inch.

23 A

24

25

26

27

28

29

30

A
A
A
C
C
C
C
B

2

5
0
0 12

17, 1 17,2 +, I

2
9 15, 2 15,0 一, 2

2
9 15,4 15,0 , 4

23
12

11,5 12,8 +1,3

2 12
11,5 12,8 +1,3

2
6

8,7 9, +3

2 12

12,3 12,5+, 2

2 12
14,4 14,4 0,0

31
B 2 12

14,4 14,4 0,0

32 B 2 6
10,3 10,5 +, 2.

33. A 13

3
4 8

14,7 14,5 一, 2

34 A 4
12

15,7 15,3 一, 4

The Error in the 26th and 27th Experiments

beingmuch greater than what has occurred to me

in any other Trials, I ſuſpect, that ſome Mistake

was made in the Weight of the Powder, or that

the Barrel (whichhad indeed lain by in a moiſt

Place) was very damp ; which Circumſtance, I

know by Experience, will confiderably diminiſh
the Action of the Powder.

The following Experiments were made with a

Pendulum much heavier, it weighing in the whole

97 lb. its Center of Gravity was 55,625 Inches

diſtant from itsAxis of Suſpenſion, and 200 of its

ſmall Swings were performed in the Space of255",

whence its Center of Oscillation is 63,9 Inches dif-

tant from the Axis of Suſpenſion. Alſo ſometimes

another Barrel was used 7,06Inches inLength, and

,83 in Diameter, its Ball was exactly fitted to the

Bore without any Windage, ſo that it went inwith

Difficulty, the Weight of this Ball was 33 dw.
This Barrel we ſhall denominate D.

2
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Length | Quanti | Chord of the The fame by
ofthe

Cavity

contain-

tyof

Powder.

afcendingArch

meaſuredon

theTheory.

Error

ofThe-

ory.

theRibbon.

ingthe

Powder. i

No

35

36

37

38

39

40

41

42

43

44

45

46 A

47 A

48

49

50

51

52

53

54

55

56 D

57

58 A

59

60

61 A

M
A
A
A

A
A
A
A
A
A
C
C
B
B
A
A
A
A
C
C
C
C
D
D
D
D
A
A
A
A
A

Barrel Inch. dw. Inch. Inch. Inch.

2 12 9,2 9,2 رو

2

5

2

2

2

5
8
1
-
4
7
8
5
8
3
4
5
8
5
8

5
7
2

12
9,5 9,2 3.

24 11,7 11,3 -4

73 36 13, 2 12,6 -,6

12
9,3 9,1

- 2

1- 8 7,6 8, 1I +5

12 6, 1 6,6 +,5

12 6,5 6,6

2 12 8, ο 8,2 +,2

2 12
8,3 8,2

1'-

2 12
9,5 9, I -14

2 12
9, 1 9,1

2
6

7,2 6,5

23 6 6,7 6,5
2

2 12 6,8 6,7 I,سو

2 12
7,5 6,7 -,8

2
6

4,7 4,8 +,1

2
6

5,0 4,8 2

I2
12 7,0 7,2 +,2

2

4
5
8

12 7, 1 6,8

2
6

4,7 4,8

23 6 4,8 4,8

I

26
6 6,4 6,5

I

2
2
2
2

26
6 6,4 6,5

I

6 6,6 6,5

216
6. 6,7 6,5

I

216
12 9,0 9,1

1
+

+
+
1
1
+

٤٠٠

10

4,1

+,1

2

1

D3
The
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The Error in the 50th Experiment, the greatest

in this Set, was doubtless owing to the Wind; for

the49, whichwas made immediately before it in the

fame Manner, and with the ſame Quantity of Pow-

der, differs but little from the Theory. The Ex-

ceſs of the 38th Experiment above the Theory

was inPart occaſioned bythe Impulſe 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 Action of very ſmall Quantities

ofPowder. We have hitherto ſuppoſedthe Powder

when fired tobe equally hotwith Iron atthe begin-

ingof its white Heat, but we have obſerved, that in

very ſmall Quantities ofPowder the Heat is proba-

bly less than this, and conſequently the Elaſticity

in thoſe Cafes leſs than what arifes from this Sup-

poſition. Now this Decrease ofElafticity in ſmall

Quantities of Powder we have found by many

Trials actually to take place ; for Inſtance, in

theExample of the 7th Propoſition, the Velocity,

which ſhould be given to the Ball by the Action

of thePowder accordingto theTheory, is in round

Numbersthat of 1670 Feetin 1", andthisVelocity we

havefoundinthepreceedingExperimentstobetheme-

dium Velocity, which the Ball really receives in thoſe

Circumstances. Ifnow, the Barrel and Poſition of the

Ball remainingthe fame, there be placed inthe ſame

Space DEGCcontinuing likewiſethe ſame Idw. of

Powder instead of 12, which is theQuantity ſuppo-

ſed in thatExample, it follows from the Principles

there laid down, that ifthe Elaſticity of the ſmaller

Charge be the fame in Proportion to its Quantity

with that ofthe larger, then the Velocity of the

Bullet when impelled by the Exploſion of the

ſmaller Charge, will be to the Velocity of a Bul-

let impelled by the greater Charge in the ſubdu-

plicateRatio of the Quantities of the reſpective

Charges,

1

で
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Charges, that is, inthe ſubduplicate Ratio of 1 to

12. Conſequently theVelocity communicated by 12

dw. being known to be that of 1670 Feet in 1 ", the

Velocity communicated by a dw. would be thatof

482 Feet in 1" nearly ; but I found by repeated

Trials, which differed very little from each other,

that the real Velocity acquired by theBall in this

Caſe, fromthe Exploſion of 1 dw. was rather leſs

thanthatof400Feet in1 " ; whence it is evident, that

the Elasticity of 1 dw. of Powder when fired is

leſs in Proportion to its Quantity thanthat of12

dw. as it ought to be by our Theory.

Likewiſe if 3 dw. ofPowder beplaced inthe ſame

Manner with the Idw. in the laſtExample, the real

Velocity, the Ball will acquire from the Exploſion,

willbe from 740to 720Feet in 1", as I have found

bymanyExperiments ; whereas ſuppoſing theElaf-

ticity of 3 dw. when fired to be in ſimilar Cir-

cumſtances the fame with that of 12dw. the Velo-

city acquired by the Ball ſhould be 835 Feet in

1"; whence, even in 3dw. the Elaſticity and confe-

quently the Heat is less than in 12 dw. as it ought

to be by the Theory.

The Ratios of theſe diminiſhed Elaſticities to

the Elasticity eſtabliſhed by us for larger Quanti-

ties, arethe Duplicate of the Ratios ofthe reſpective

Velocitiescommunicated bythem in acting thro' the

ſame Space, whence the Elaſticity of dw. is to

the Elaſticity of 12 dw. in ſimilar Circumſtances

as 2 to 3. and the Elasticity of 3 dw. to that of

12 dw. is as 3 to 4 nearly, ſuppoſing the ſmaller

Elaſticities to be uniformly diminiſhed in each

Part oftheirExpansion;but inallProbability this is not

the Cafe, for as the Decrease ofElasticity is owing

to a Deficiency in the Heat ofthe Fluid, it is moſt

reasonable to conceive, that intheſe ſmallQuantities

the Heat is not only leſs at first, but islikewife per-

petually decreafing, as the Bullet is impelled thro
D4 the
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the Barrel, and conſequently that the comparative

Elaſticity is more abated,the longer itsAction con-

tinues ; a Circumſtance that does not take place,

when the Quantity of Powder is well proportioned
to the Barrel, thro' which it is to act.

P SCHOLIUM.

Thus then have we confirmed our Theory by the

moſt indiſputable Evidence,which is its Coincidence

witha numerousSeries ofExperiments made in all the

various Circumſtances, that theNature ofthe Subject

couldſuggeſt; andI must add, that theſeExperiments

or the greatest Part ofthemweremadeand regiſter'd

beforeanyof the Computations, by which they are

comparedwiththeTheory, were formed ; altho' I had

aſcertained thatTheory, ſuch as it is here delivered,

fome timebefore I enter'd ontheſe Experiments.

The Variety of theſe Experiments, andtheAc-

curacy with whichthey correſpond to the Theory,

leave usno room to doubt of the Certainty of the

Theory ; for we have examined the Action of fired

PowderonBullets ofdifferentWeights andinBarrels

of different Magnitudes from7Inches to45 Inches

inLength ; wehavevaried tootheQuantity ofPow

der from6dw.to36dw. andhaveincloſedtheſeQuan-

tities differently, ſometimes in ſuch Cavities as they

exactly filled, at othertimes in ſuch as wereſufficient

tohave held much greaterQuantities; and we have

found, that in all theſe different Circumstances, our

Theory has truly exhibited the real Velocities with

which theBullets were impelledby theExploſion, or if

(as in very ſmall Quantities of Powder) there were

anyExceptions fromthegeneral Rule wehadeſtabliſh-

ed, itwas, whattheTheorydidplainlydemand ; and

furely thatTheory, whichſo accurately agrees withEx-

perimentin theſe diverſifiedTrials,cannotbutcontain

the
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the true and genuine Determination of the Force

and Manner of acting offired Gunpowder.

This Theory as here eſtabliſhed ſuppoſes, thatin

thefiring ofGunpowder about of its Subſtance is con-

vertedbythe ſuddenInflammation into apermanenté-

laſticFluid, whoſe Elaſticity in Proportion to itsHeat

and Denſity is the fame with that of common Air

in the like Circumſtances ; it farther ſuppoſes, that

all the Force exerted byGunpowderin its moſt vio-

lentOperations is no more than the Action of the

Elaſticity of the Fluid thus generated ; and theſe

Principles enable us, as we have ſeen, todetermine

the Velocities of Bullets impelled from Fire-Arms

of all kinds, andare fully fufficient for all Purpoſes,

where the Force ofGunpowder is to be eſtimated.

Whether this Fluid be true and genuine Air, or an-

other Subſtance, we shall notdiſcuſs in thisPlace,

as it isan Inquiry noWays connected with the De-

ſign of this Treatife.

From this Theory many Deductions may be

made of the greatest Conſequence to the Practical

Part ofGunnery. From hence the Thickness of a

Piece, which will enable it to confine without Burf-

tingany given Charge of Powder, is easilydetermin-

ed, ſincethe Effort ofthe Powder is known. From

hence appears the Inconcluſivenessofwhatſome mo-

dernAuthors haveadvanced relating totheAdvanta-

ges of particular Forms for the Chambers of Mor-

tars andCannon ; forall their labour'd Speculations

on this Head are evidently founded on very erro-

neous Opinions about the Action of fired Powder.

From this Theory too we are taught the Neceffity

ofleaving the ſame Space behind the Bullet, when

wewould by the ſame Quantity of Powder com-

municate the fame Velocity to the Bullet; ſince on

our Principles it follows, that the ſame Powder has

agreater or leſs Degree ofElafticity, according to

the different Spaces it occupies. The Method,
which
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1

which Ihave always practiſed for this Purpoſe, has

beenbymarking theRammer, and this is aMaxim,

which ought not tobediſpenſed with, when Cannon

are fired at an Elevation, particularly in thoſe

calledby the FrenchBatteries à Ricochet.

From the continued Action of the Powder, and

itsManner ofexpandingdeferibedin thisTheory, and

Weight the Length of the Piece, one ofthe moſt effential
Circumſtances inthewelldirecting ofArtillery may

be eafily afcertained. All Practitioners are agreed,

thatnoShot canbedependedon, unless thePiece be

placed on a folid Platform ; for if the Platform

ſhakes with the first Impulſe of thePowder, it is

impoſſible, butthe Piece muſt likewiſe ſhake, which

will alter itsDirection and render its Shot uncertain.

To prevent thisAccident, the Platform is usually

made extremely firm toa confiderableDepth back-

wards, fo that thePieceis not only well fupported

in the Beginning of its Motion, but likewiſe thro' a

greatPart of itsRecoil. However, it is ſufficient-

lyobvious,that when the Bullet is ſeparated from

thePiece,it canbe no longer affectedby the trem-

bling of the Piece or Platform, andby a very eaſy

Computation itwillbe found, that in a Piece 10

Feetin length, carryinga Bullet of24lb. and charged

with 16 lb. ofPowder, the Bullet willbe out of the

Piecebefore thePiece has recoil'd an Inch; whence,

ifthePlatform be ſufficiently folid at the Beginning

ofthe Recoil, the remainingPart ofitmay be much

flighter, ſince its Unſteadineſs beyond the firſt Inch

willhave no Influence on the Direction of the Shot.

And hence a more compendious Method of con-

ſtructing Platforms maybefound out.

From this Theory it alſo appears, how greatly

thoſeAuthorshavebeenmiſtaken, whohave attribut-

ed the Force ofGunpowder, or at least a confiderable

Part of it, to the Actionof theAir, contained ei-

ther in the Powder orbetween the Intervals ofthe

Grains:

4



(43 )

Grains. For they have ſuppoſed (tho' indiſtinctly

enough) that Air to exift in its natural elaſtic State,
and to receive all its Addition of Force from the

Heat of the Exploſion. But, from what we have

experimentedin the fifth Propoſition, relating tothe

Increaſe of the Elaſticity of the Air by Heat, we

may conclude, that the Heat ofthe Exploſion cannot

augment the Elasticity of the Air to five times

its common Quantity ; confequently, the Force a-

rifing from thisCauſe only cannot amount to more

than the 200th Part ofthe real Force exerted on this:

Occafion.

Having thus diſpatched the general Confirmation

of ourTheory, we shall proceed to the Examination

of fome other Particulars relating to this Subject,

which tho' eafily enough flowing fromthe Principles

already laid down, do yet from the Novelty and

Singularity of the Matter merit a circumftantial

Difcuffion.

PROP. Χ.

To affign the Changes in the Force ofPowder,

which arise from the different State of the

Atmosphere.

I
N all the Experiments I have hitherto examin-

ed, I have never been able to diſcover, thatthe

Variation of the Denſity of theAtmosphere did any

way alter the Action ofPowder, altho' I have made

ſeveral hundred Shot in very different Seafons: In

particular, I have fometimes compared the Trials

made atNoon in the hottest Summer Sun with thoſe

made in the Freſhness ofthe Morning andEvening,

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 ; altho' in this

variety ofSeafons, the Denſity of the Atmosphere

must

:
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muſt havebeenvery different: Indeed, as wehave

feen, that the fameQuantity of that Fluid, in which

theForceofPowder conſiſts, isgenerated inavacuum,

andin common Air, it is difficult toconceive,how

this Force canbe affected by the greater or leſſer

Densityof theAtmoſphere.

But tho' the Denſity of theAtmoſphere has no

Influence on the Force ofPowder, yet its Moif-

ture has a great one; for the fame Quantity ofPow

der, which in adry ſeaſon 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, aVelocity of more

perhaps than 12 or 1300Feet in 1", or ſtill leſs, if

the Powder be of a bad Sort, and has been negli-

gently kept. And this Decrease of the Force in

damp Powder appears by my Experiments to be

veryunsteady andvariable, ſothat 2 Shot madewith

equal Quantities of ſuch Powder, taken out of the

fameParcel,will differ conſiderably from each other,

perhaps tentimes more than if the Powder was

ingoodOrder ; andas far asthis Uncertainty in its

Effects willpermit me, Iſeemtocollect, that a imall

Charge loſes a greater Part of its Force than a

larger, provided each are equally damp. Another

Circumſtance attending damp Powder is a re-

markable Foulneſs inthePiece afterfiring, muchbe

yondwhat ariſes from an equal Quantity of dry
Powder.

Now all theſe Effects are easily to be accounted

for, when it is known, thatPowder will imbibe Moif-

ture from the Air ; for as a certain Quantity of

Water mixed with Powder will prevent its firing

at all, it follows, that every Degree of Moisture in

Powder, the inſufficient to produce this Effect,

will yet abate theViolence of its Exploſion, and

will render theFire thereby produced leſs vehement

than itwould otherwise be ; whence a lefs Quantity
of
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ofFluid willbe in this Cafe generated, andthe Heat

of thatFluid and its Elasticity is likewife leſs ; confe-

quently,theAction ofdampPowdermuſtonthistwo-

foldAccountbe diminiſhed according to the Degree

ofMoisture, withwhich it is impregnated.

And as bad Powderusuallycontains fomecom-

mon Salt in it, by reaſon of the little Care taken

inthe refining ofthe Nitre, and ascommon Salt im-

bibes Moisture in a strongerDegree than Nitre, it is

not difficult to conceive, how bad Powder ſhould

in a moiſt Seafon be more impregnated withMoif-

ture than good, and ſhould confequently loſe more

of its Force.

The Uncertainty in the Effects ofdamp Powder

ariſes, I preſume, from the different Degrees of

Dryneſs it acquires in the Piece ; for as after the

firſt or ſecondfiring the Barrel grows warm, if the

Powder is contained any Time in it, ſome Part of

its Moisture will be thereby evaporated, and as

theHeat of the Barrel, andtheTimeof the Charge

continuing in it, areCircumſtances, which in their

Nature are veryuncertain, it is notto bewonder'd at,

that theEvaporation, andconſequently theAction of

the Powder,is likewiſe uncertain. I must remark on

thisHead, that, inthe drieſt Seaſons, I have foundthe

Coldneſs of the Barrel, andperhaps ſome little Moif-

urecondenſed initsCavity, tohaveſenſiblydiminiſhed

the Force of the Powder in the firſt Shot.

That ſmall Quantities of Powder ſhould have

their Actionmore diminiſhedthan largerQuantities

withthe ſameDegree ofMoisture, naturally follows

from the ſmaller Degree ofHeat, with which (as

we have obſerved above) the Exploſion of ſmall

Charges is attended; ſince the ſame Proportion of

Moisture muſt of neceſſity clog a weak Fire more

effectually,than it candoonewhich is more violent.
The remarkable Foulneſs of the Piece from the

firing of damp Powder, which we have mentioned

above, muſt likewife arife from the Diminution of
the
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theActivityof theFire in the Explofion. For, when

Powder is of a properTemperature to fire readily and

violently, the greatest Part of its Subſtance ought to

beconſumedtoAſhes, which will then be difcernable

inthe Form ofagreyish Subſtance onallBodies pla-

eed near the Mouth of the Piece ; and the Foulness of

thePiece is owing to thoſe Partsofthe Powder, which

either by their Contiguity to thecold Barrel, or their

leſs inflammable Compoſition, are but imperfectly

burnt ; now ſince moiſt Powder producesa leſs vio-

lent Flame in Proportion to the Moisture it im-

bibed, itmust follow, that a ſmallerPartofthePow-

der will in this Cafe be perfectly confumed, andcon-

ſequently a greater Part will remain to contribute

to the Foulness of the Barrel.

SCHOLIUM.

Wehave afferted as the Baſis of our Reaſoning

in this Propofition, that Powder will imbibe Moift-

urefrom theAirinahumidState of theAtmosphere;

but it remains to aſſign the Quantity it can thus

imbibe, which we shall here endeavour to do from

our own Experiments.

AParcel 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 hotWater, Ifound, that in half

aMinute the Powder was increaſed in Weight by

about Part.
50

Trying another Parcelin the fame Manner, but

continuing it longer inthe Steam, I found, that the

Powder increaſed its Weight by Part; butin this

Caſe ſome of the Grains adhered together in ſmall

Lumps, altho' the Figure of the Grains themselves

was no ways changed.

To convince myself that the Moisture of the

Atmosphere would likewise increase the Weight of

Powder, I took about anOunce of Powder, which

had
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had for fome' time been kept in a 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 ofwhich Decrease in Weight ithad again

acquired in leſs than two Hours,by being removed

to adifferent Part ofthe Room, ata Diſtance from

the Fire.

Now as the Weather is often much moiſter, than

when I tried this Experiment, and as in open Air

this Moisture abounds much more than in a Room,

where there is a Fire ; it cannot bedoubted, but

that ſometimes the twentieth or thirtieth Part of

the Subſtance of the beſt Powder is Water, which

maybe eaſily ſuppoſed to produce all the Effects,

we have obſerved and deſcribed in this Propoſi-
tion.

But however, the Moiſture thus imbibedby Pow-

der from the Air does not, as I have yet obſerved,

render it less active, when it is dried again. The

Reader muſt have obſerved in the Experiments of

the laft Propoſition,hownearly thoſe made with the

ſameQuantities ofPowder and in thefame Circum-

ſtances agreewith each other. In theſe Experiments,

tho' made at different Times inthe Courſe of three

SummerMonths,theDrynessofthe Seaſonprevented

allthe Inequalitiesofthis Propoſition. Buttrying the

fame Powder in the Winter, inaverydamp Seafon, I

found, thattho' if itwasusedas intheSummer, in its

natural State, without any drying, its Effects were

very irregular, and much ſhort of thoſe Experi-

ments, yet if each Charge was well dried, juſt be-

fore it was uſed, no Diminution of its Force could

then be perceived, nordid it appear to act in any

manner different fromwhat it haddone inthepre-

ceeding Summer. Indeed ifthe Powder be expof-

ed to the greatest Damps without any Caution, or

if common Salt abounds in it, the Moisture, it im

bibes, mayperhapsbeſufficient todiffolvefomePart of
the
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theNitre, which is a laſtingDamage, thatnoDry-

ingcan retrieve. But when tolerable Care is taken

inpreſerving Powder, and the Nitre, it is compofed

of,has been well purged from common Salt, it will

retain its Force much longer than is usually ſup-

pofed. Ihaveheard, that Powder, which hadbeen

well kept, did not at the End of fiftyYears appear

tobeany ways injuredby itsAge.

Some Care is neceſſary in the drying ofdamp

Powder; for there is aDegree of Heat,whichtho not

fufficient to fire the Powder, will yet melt theBrim-

ſtone, and destroy the Texture oftheGrains. Nay

more, there is aHeat, with which the Brimstone

will flame and burn away gradually, and yet the

Powder will not explode, of this any one may

fatisfy himſelf by heating a Piece of Iron red-hot,

and then throwing a few Grains of Powder on it

at different Intervals,during the Time of its cool-

ing, for by this Means he will find,that at acertain

Timethe ſeparateGrains, that fall onthe Iron, will

not explode, but will burn with a ſmall blue Flame

for fome Space ofTime, theGrain ſtill remaining

unconfumed. Indeed,whenithasbegun toburn inthis

Manner, it ſometimes ends withexploding, butthis

morecommonlyhappens,whenaNumber ofGrains

lie near together; for then tho' each ſeparateFlame

isnot fufficient to explode its reſpective Grain, yet

the whole Fire made by them all together grows

ſtrongenough at last to end ina generalExplosion ;

however,by attending to theproperTemperature of

theIron,andſpreadingtheGrains, Ihaveoftencovered

two or three ſquare Inches with a blue lambent

Flame, which has lafted aconfiderable Time with-

outanyExploſion, and examining the Grainsafter-

wards, Icould notperceive, thatthey had loft either

their Colour or their Shape. Now ſince theſe

Grains, when the Brimſtone is thus burnt or even

melted out ofthem, will nolonger act asPowder,

it
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it is evident, that Powder maybe fpoiledbybeing

dried with too violent a Heat.

From the great Difference in the Effects of

moift and dry Powder eſtabliſhed in this Propoſition,

it appears, how very uncertain and irregular all

thoſe practical Operations of Gunnery may prove,

where this Circumſtance is not attended to; and

how little Confidence can be placed in any Ex-

periments, where this Cauſe of Inequalitycould in-
terfere.

Before I leave this Article, I muſt mention a

Sufpicion, I once entertained about this Matter. As

Water,when rarified intoVapour, is generallyſuppo-

fedtobe near ten times more elafſtic thanAir equally

heated, I imagined, that poſſibly the Moisture im-

bibed by Powder might, in certain Cafes, be fo

proportioned to the Quantity of Powder, that it

might be converted into Vapour by theExplosion ;

and that thereby the Force of the Powder might be

more increaſed by the Addition of this very elaftic

Vapour, than it was diminiſhed by thedamping of

its Flame. And I was the more induced to be

lieve, that this did ſometimes happen, fromtheExt

periments of a lateAuthor, who tells us, that the

Ranges of the fame Shot, fired from the ſame Mor-

tar, with equal Charges of Powder, were much

greater in the Freſhness of the Morning, than in

the Heatof the Day. For I was well fatisfied, that

the meer Denſity of theAir (to which he ſeems to

impute this Variety) could not produce ſuch diffe

rent Effects. However, upon a more accurate Ex-

amination, I cannot find, that any Degree of Moi-

ſture does at any time augment the Force of Pow-

der; for, in all the numerousTrials I have made,

I never obſerved that Force ſenſibly to exceed its

mean Quantity, except in two Experiments ; and

even thoſe Exceſſes, Ihad goodReaſon to believe,

were occafioned by fome Diſorder in the Machine.

How-E
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However, if the Elasticity of watryVapour be as

great as it is usually eſteemed, (a Point far from

being afcertained at preſent) it is not impoſſible,

but ſomething of this kind may takePlace in the

firing of large Quantities of Powder.

1

: PROP. XI.

To investigate the Velocity which the Flame of

Gunpowder acquires, by expanding itself,fup-

pofingit be fired in agiven Piece ofArtillery,

without either a Bullet or any other Bodybe-

fore it.

F the whole Subſtance of the Powder was con-

10

verted into an elastic Fluid at the Inſtant of the

Exploſion, then from the known Elaſticity of this

Fluid aſſigned byourTheory, and its knownDenſity,

we could eaſily determine theVelocity, with which

it would begin to expand, and could thence trace

out its futureAugmentations in its Progreſs through

the Barrel ; but as we have ſhewn, that the elaſtic

Fluid, in which theActivity of the Gunpowder

conſiſts, is only of the Subſtance of the Powder,

the remaining will in theExploſionbemixedwith

the elaſtic Part, and will by its Weight retard the

Activity of the Explosion ; and yet they will not

be ſo compleatly united as to move with onecom-

mon Motion, but the unelaſtic Part will be leſs ac-

celerated than the reſt, and ſome of it will not even

be carried out of theBarrel, as appearsby thecon-

ſiderable Quantity of unctuous Matter, which ad-

heres to the Inſide ofall Fire-Arms, after they have

beenuſed.

Theſe Inequalities in the expanſive Motion ofthe

Flame oblige us to recur to Experiments for its

accurate Determination.

The

1
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TheExperiments made uſe of for this Purpoſe

were of two kinds : The firſt 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 ſeventh Propofition ; on

firing it in this Situation, the Impulſe of theFlame

on the Pendulum made it aſcend through anArch,

whoſe Chord was 13,7 Inches ; whence, if the

whole Subſtance of the Powder was ſuppoſed to

ſtrike against the Pendulum, and each Part to ſtrike

with the fame Velocity, that common Velocity

muſt have been at the Rate of about 2650Feet in

1 ". This then is the leaſt Velocity, which the Pow-

der could be ſuppoſed to acquire in its Expanfion ;

for if we ſuppoſe the elastic Part to acquire a greater

Velocity in expanding, than the other groſs Vapour,

(which it undoubtedly does) this commonVelocity

here affigned muſt be augmented for the elaſtic

Fluid, and diminiſhed for the groſſer Subſtance of

the Powder. As fome Part of theVelocity of the

Flamewas lost in paſſing through 19 Inches ofAir,

Imade the remaining Experiments on this Subject
in a manner not liable to that Inconvenience.

I fixed the BarrelA on the Pendulum, ſo that its

Axis might be both horizontal and alſo perpendi-

cular to the Plane HK ; or, which is the fame

thing, that it might be inthe Plane of the Pendu-

lum's Vibration ; the Height of the Axis of the

Piece above the Centre of the Pendulum was fix

Inches, and the Weight of the Piece and of the

Ironthat faſten'd it, &c. was 11 lb.. TheBar-

rel in this Situation being charged with 12dw. of

Powder, without either Ball orWad, the Powder

only put together with the Rammer, on the Dif-

charge the Pendulum afcended through anArch,

whoſe Chord was 10 Inches, orreduced to an equi-

valent Blow in the Centre of the Pendulum, fup-

poling
E2
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:

pofing the Barrel away, it would be 14, 4Inches

nearly.

The fame Experiment repeated again, the Chord

ofthe afcending Arch was 10, 1 Inches, which, re-

duced to the Centre, is 14,6 Inches.
ديا

To determine what Difference of Velocity

there was in the different Parts of the Vapour, I

loaded the Piece again with 12 dw. of Powder, and

rammed it down with a Wad of Tow weighing

Idw. Now I conceived, that this Wad being very

light would preſently acquire that Velocity, with

which the elaftic Part of the Fluid would expand

itſelf when uncompreſſed ; and I accordingly found,

that the Chord of the aſcendingArch was by this

Means augmented to 12 Inches, or at the Centre to

17,3 : Whence, as the Medium of the other two

Experiments is 14,5, the Pendulum afcended thro'

anArch 2,8 Inches longer, by the additional Mo-

tion of I dw. of Matter moving with the Velocity

of the ſwifteft Part of the Vapour; and confe-

quently, the Velocity, with which this I dw. of

Matter moved, was that of about 7000 Feet in 1 ".

It will perhaps be objected to this Determination,

that theAugmentation of theArch, through which

the Pendulum vibrated in this Cafe, was not all of

it owing to the Quantity of Motion given to the

Wad,butPart ofitwas producedby the Confinement

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

happen, that in firing different Quantities of Pow-

der without a Wad, the Chord of the afcending

Arch would increaſe and decreaſe nearly in theRa--

tio of thoſe Quantities, which yet I have found it

to do; for with 9dw. thatChord was 7, 3 Inches,

which with 12 dw. we have feen was but to, and

10, 1; and evenwith 3 dw. theChord was 2 Inches ;
deficient
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deficient from this Proportion by ,5 only ; for which

Defect too,other valid Reaſons are to be affigned.

And there is ſtill a more convincing Proof, that

all, the Powder is fired, altho' no Wad be placed

before the Charge ; which is, that the Part of the

Recoil arifing from the Expansion of thePowder

alone is found to be no greater, when it impells a

leaden Bullet before it, than when the fame Quan-

tity is fired without anyWad to confine it. We

have feen, that the Chord of theArch, thro' which

thePendulum roſe from the expanfive Force of the

Powder alone, is 10, or 10, 1 ; and the Chord of

that Arch, when the Piece was charged in the cufto-

mary Manner with a Bullet and Wad, I found to

be the first time 224, and the ſecond time: 227 ;

or at a Medium 22, 56. Now the Impulſe of the

Ball and Wad, if they were ſuppoſed to ſtrike the

Pendulum in the fame Place, in which the Barrel

was ſuſpended, with the Velocity they had acquired

at the Mouth of the Piece, would drive it through

anArch, whoſe Chord would be about 12,3, as is

known from the Weight of the Pendulum, the

Weight and Poſition 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, 26 is nearly the

Chord of the Arch, which the Pendulum would

have afcended through, from the Expanfion of the

Powder alone, when fired with a Bullet before it ;

and this Number 10, 26 differs very little from 10,1 ,

which we have above found to be the Chord of the

aſcending Arch, when the fame Quantity of Pow-

derexpanded itſelf freely, without either Bullet or

Wad before it.

Again, that this Velocity of 7000 Feet in 1 " is

not much beyond what the most active Part of the

Flame acquires in expanding, is evinced from hence,

that we have above, in the 38th. Experiment, an

Inſtance
E3
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Inſtance of a Ball actually discharged with aVelo-

city of 2400 in 1 ", and yet it appeared not, that

theAction of the Powder on this Bullet was at all

diminiſhed on account of this immenfe Celerity ;

conſequently, the Degree of Swiftneſs, with which

inthisInſtancethe Powder followed theBall, with-

out lofing any Part of its Preſſure, must have been

much ſhort of what the Powder alone would have

expanded with, had not theBall been there.

And it is this prodigious Celerity of Expanfion

of the Flame of fired Powder, which is its peculiar

Excellence ; and theCircumſtance, inwhich it fo

eminently furpaffes all other Inventions, either anci-

ent or modern, for the Purpose of military Projec-

tions : For as to the Quantity of Motion of theſe

Projectiles only, many of the warlike Machines

of theAncients produced this in a Degree far fur-

paſſing that of our heaviest Cannon-ſhot or Shells ;

but the great Celerity given to theſe Bodies cannot

be in the leaſt approached by any other Means than

by the Flame of Powder. The Reaſon ofthis Dif-

ference is, that theAncients could by Weights, or

the Elasticity of Springs and ſtretched Cords, aug-

ment their Powers to anyDegree defired ; but then

eachAddition of Power brought with it a propor-

tional Addition of Matter to be moved: So that as

the Power increaſed, thoſe Parts of the Machine,

which were to communicateMotion to the Projeс-

tile, and were confequently to move with it, were

likewife increaſed ; and thence it neceffarily hap-

pened, that theAction of the Power was not folely

employed in giving Motion to the impelled Body,

but much the greatest Part of it was ſpent in acce-

lerating thoſe Parts of the Machine, in which the

Power refided, to enable them to pursue the Body

to be projected with a perpetual Impulſe, during

its whole Paſſage thro' the Extent of theirActivity.

Hence then it came to paſs, that, tho' theſe ancient

Machines
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Machines could throw enormous Weights, they

could project them but with ſmall Degrees of

Celerity, compared with what we cancommunicate

to our Cannon and Muſket-ſhot : Whence, in all

Operations, where theſe great Velocities are useful,

our Machines are infinitely ſuperior to thoſe ofAn.

tiquity ; altho', in more confined and ſhorter Pro-

jections, theſe laſt have fome Advantages, which

may yet render them worthy of the Attention of

thoſe military Genius's, who have Capacity enough

to confider each Part of their Profeſſion according

to its true and genuineValue, independent of the

partial Eftimation of the Times they live in.

From the Determinations contained in this Pro-

pofition, the Force of Petards may be deduced,

fince their Action ſolely depends on the Impulſe of

the Flame ; and it appears, that a Quantity ofPow-

der, properly diſpoſed in ſuch a Machine, may

produce as violent an Effort as a Bullet of twice its

Weight, moving with a Velocity of 14 or 1500

Feetin 1".

PROP. XII.

To ascertain the Manner in which the Flame of

Powder impells a Ball, which is laid at a

confiderable Distancefrom the Charge.

E have, in manyof the Experiments recited

contiguous to the Powder, but a ſmall Diſtance

from it ; the greatest Interval, however, has not

amounted to more than about 1 : Inch, from the

hinder Part of the Bullet to the nearest Part of the

Powder ; and, in theſe Cafes, we have ſeen, that the

Theory agreed very well with the Experiments :

But if a Bullet be placed at a greater Distance from

theE 4
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the Powder, ſuppoſe at 12, 18, or 24 Inches, we

cannot then apply to the Motion of this Ball the

fame Principles which, in the 7th Propoſition, we

have applied to fuch as are contiguous to thePow-

der, or nearly fo ; for we have feen, in the laſt

Propoſition, that, when the Surface of the fired

Powder is not confined by a heavy Body, which it

is obliged to impell before it, the Flame dilates it-

ſelf with a Velocity much beyond what it can at

any time communicate to a Bullet by its continued

Preſſure ; confequently, as in the Diſtance of 12,

18, or 24 Inches, the Powder will have acquired a

confiderable Degree of this Velocity of Expanfion,

the firſt Motion of the Ball will not be produced

by the continued Preffure of the Powder, but by

the actual Percuſſion 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 reſpective Parts.

From hence then it follows, that the Velocity of

a Bullet, laid a conſiderable Diſtance before the

Charge, ought to be greater, than what would be

communicated to it by the Preſſure of the Powder

acting in the Manner deſcribed in the 7th Propofi-

tion; and this Deduction from our Theory we

have confirmed by manifold Experience ; bywhich

we have found, that a Ball laid in the Barrel A,

with its hinder Part 111 Inches from its Breech,

and impelled by 12 dw. of Powder, has acquired

on its Discharge a Velocity of about 1400 Feet in

1 " ; when, if it had been acted on by the Preſſure

of the Flame only, it would not have acquired a

Velocity of 1200 Feet in 1 ". The ſame we have

found to hold true in all other greater Distances,

(and alfo in leffer, tho' not to the ſame Degree)

and in all Quantities of Powder. And we have

likewiſe found, that theſe Effects nearly correſpond

with what was laid down in the laſt Propoſition,

about
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about the Velocity of Expanfion, and the elaftic

and unelaſtic Parts of the Flame..

And from hence too arifes another Confideration

of great Conſequence in the Practice of Gunnery ;

which is, that no Bullet ſhould at any time be

placed at any confiderable Diſtance before the

Charge, unless the Piece be extremely fortified ; for

a moderate Charge of Powder, when it has ex-

panded itſelf through the vacant Space, and reaches

the Ball, will, by the Velocity each Part has ac-

quired, accumulate itſelf behind the Ball, and will

thereby be condenſed prodigiously ; whence, if the

Barrel be not of an extraordinary Firmneſs in that

Part, it must, by this reinforced Elasticity of the

Powder, infallibly burst. TheTruth of this Rea-

foning I have experienced in an exceeding good

Tower-Muſquet, forged of very tough Iron ; for

charging it with 12 dw. of Powder, and placing

theBall 16 Inches from the Breech, on the firing

it, the Part of the Barreljuft behind theBullet was

fwelled out to double its Diameter, like a blown

Bladder, and two large Pieces oftwo Inches long

were burst out of it.

Having feen that the entire Motion of a Bullet,

laid at a confiderable Distance from the Charge, is

acquired by two different Methods, in which the

Powder acts on it ; the firſt being the Percuffion of

theParts of the Flame, with theVelocity they had

reſpectively acquired by expanding ; the ſecond,

the continued Preſſure of the Flame through the

remaining Part of the Barrel ; I, endeavoured to

ſeparate theſe different Actions, and to retain that

only, which aroſe from the continued Preſſure ofthe

Flame. For this Purpoſe, I no longer placed the

Powder at the Breech, from whence it would have

full Scope for its Expanfion, but I ſcattered it as

uniformly as I could through the whole Cavity left

behind the Bullet ; imagining that, by thisMeans,
the

:
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the progreſſive Velocity of the Flame in each Part

would be prevented by the Expansion of the neigh-

bouring Parts : And I found, that the Ball

being laid II Inches from the Breech, its

Velocity, inſtead of 1400Feet in 1 ", which it ac-

quired in the laſt Experiments, was now no more

than 1100Feet in 1 " ; which is 100 Feet ſhort of

what, according to the Theory, ſhould ariſe from

the continued Preſſure of the Powder only

The Reason of this Deficiency was, doubtleſs,

the intestine Motion of the Flame ; for the Accen-

ſion of the Powder, thus diſtributed through ſo

much a larger Space than what it could fill, muſt

have produced many Reverberations and Pulfations

of the Flame ; and from theſe internal Agitations

of the Fluid, its Preſſure on the containing Surface

will (as is the Caſe in all other Fluids) be confide-

rably diminiſhed ; 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 cloſely confined in as ſmall a Space as pof-

ſible, even when the Bullet lay at ſome little Diſtance

from it.

PROP. XIII.

;

To enumerate the various Kinds of Powder, and

to defcribe the propereft Methods of examining

its Goodness.

HE Powder, we have hitherto conſidered, is

Ifuppofedto be fuch,as is madefor the service
of the Government ; but, beſides this, there are

many other Kinds, ſome better and ſome worſe,

which I here propoſe to enumerate, as far as they

have come to my Knowledge.

But, firſt, I must premiſe, that the Government

Powder, if properly wrought, is, I believe, nearly

as
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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 madehere inEngland,

which are eſteemed the beſt, ſuch as the Battle, &c.

and I cannot find any ſenſible Difference between

them. I have likewiſe compared it, in frequent

Trials, with ſome Spanish Powder, taken out of

the St. Jago Prize ; and tho', if Iwere to givemy

Opinion, I ſhould rather believe the Spanish Pow-

der the better of the two, yet ſo ſmall an Inequa-

lity as a fiftieth or fixtieth Part, which is the moſt

that the Difference between them can amount to,

is too little to be aſcertained with abſolute Certain

ty. I conceive too, by comparing the Experiments

of others with my own, that the French Powder is

little different from ours ; altho' I cannot be ſo cer-

tain on this Head as I could wiſh, having never

been able to procure any of their Powder myſelf.

But itmust be remember'd, thatwhen I speak of our

Government Powder, it must be,what is ſuppoſed

tobe made ofthe Standard ProportionofMaterials,

and properly wrought ; for ſuch was the Powder I

madeuſe of.

The ſtrongest Powder, I have yet met with, is

ſome which , I am told, was made inHolland ; its

Force, compared with that of our Government

Powder, is nearly as 5 to 4. But this Powder is

undoubtedly made of the choiceſt pick'd Materials,

and is probably wrought up with Spirits ; ſo that

Quantities of it could notbe made, but at a much

greater Expence, than what would be repaid by its

additional Strength .

The next beſt Powder, that has come to my

Hands, is a Powder made in Portugal, under the

Direction of a Dutchman, who ſome Years fince

eftabliſhed Powder-Mills near Lisbon. This is in

Strength interior to the Dutch Powder laſt men-

tioned;
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tioned; but is, however, nearer to that than to our

Government Powder.

The common Sale Powder here inEngland, ſuch

as is to be had at every Grocer's, is much worfe

than the Government or the Battle Powder, and ex-

tremely various, according to the Caprice of the

Maker. I have tried fome, whoſe Strength has

been in Proportion to the Government Powder, as

2 to 3 nearly, and other Parcels have been ſtill

worſe , but the worst of all is the Powder made for

the African Trade, usually styled Guinea Powder :

But theſe weaker Powders are not worth Examina-

tion, as there is no eſtabliſhed Standard for their

Compoſition.

Now theſe Differences in the Strength of Powder

may ariſe from three Causes ; either from the Qua-

lity of the Materials, from the Proportion obſerved

in their Mixture, or from the Manner of working

them together.

Powder, as is generally known, is composed of

Saltpetre, Sulphur, and Charcoal : Of theſe Mate-

rials the Sulphur and Charcoal are much the cheap-

eft ; and tho' there are peculiar Kinds of theſe,

which are fittest for this Purpoſe, yet the Expence

of having the very beſt is ſo ſmall, when compared

to the whole Coſt of the Powder, that it is ſtrange,

if Powder, which would be otherwise good, is

ſpoiled by bad Sulphur or Charcoal.

The moſt expenſive Part of the Compoſition, and

conſequently the Part to which the Defects of Pow-

der are oftner owing, is the Saltpetre. This is a

Subſtance imbibed by the Earth from the Air ; for

a Quantity of Earth, which has had its Saltpetre

waſhed out of it, will, when it has been expoſed

to theAir for fome time, produce Saltpetre again ;

and this as often as the Experiment ſhall be re-

peated.

Saltpetre

:
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Saltpetre is of itſelfanuninflammable Subſtance;

for if it be placed inthe moſt violent Fire, it only

melts, and never flames, provided no combustible

Matter is permitted to mix with it: But tho' of it-

ſelf, unmixed with otherBodies, it will neither flame

nor burn ; yet, if it be joined with burning Sub-

ſtances, it prodigiouſly augments the Violence of

their burning ; performing, in this Cafe, what the

Air, forcibly mixed with Fire by the Blast of a

Pair of Bellows, does ina much inferiorDegree.

Powder then being a Mixture of Sulphur and

Charcoal, which are very inflammable Subſtances,

with Saltpetre, which in itſelf is not, if the Salt-

petrebe too much inQuantity,whencomparedwith

the other two, their burning maynot be fufficient

to confume the whole of the Saltpetre ; whence the

Fire may be leſs violent, and conſequently (accord-

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

fition) the Powder leſs vigorous, than if fome of

theSaltpetre was taken away, and a like Quantity

of the other Materials were added in its Stead. On

the other hand, if the Saltpetre in the Compofition

be leſs, than what the burning of the other two

Subſtances can easily confume, the Fire will be lefs

active than it ought to be, becauſe 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.

Hence then it appears, that the Goodness of

Powder is not to be eſtimated only from the Quan-

tity of Saltpetre contained in it, altho that Sub-

ſtance ſeems to be the Baſis of the elastic Fluid, in

which its Force conſiſts ; for ſince the converting of

the Saltpetre into that Fluid, and the Elasticity of

the Fluid afterwards, depend in ſome meaſure on

theViolence of the Fire produced at the Explo-

ſion, it is plain, that there is a certain Proportion

in the Mixture of the Materials, which will beft

contribute

1



( 62 )

contribute to this Purpoſe, and confequently to the

Perfection of the Powder.

What this Proportion is, has been aſcertained by

Experience ; and it feems now to be generally

agreed, that in any Quantity of Powder of it

ſhould be Saltpetre, the remaining confifting of

equal Quantities of Sulphur and Charcoal. This

is the Proportion followed by the French, and, I

believe, by moſt Nations in Europe : We, indeed,

pretend to agreater Degree of Nicety in our Pro-

portions; tho', I am told, theydo not greatly differ

from what I have mentioned; nor am Iconvinced,

that they are preferable : This I am fure of, that no

Methods of proving Powder, hitherto generally

practiſed in England, could at all afcertain theDif-

ference ; and other Powders, made with the uſual

Proportions, are no whit inferior to ours.

But it is not the due Proportion of the Materials

only, which is neceſſary to the making of good

Powder ; another Circumſtance, not leſs eſſential, is

the mixing them well together ; if this be not ef-

fectually done, ſomeParts of the Compoſition will

have too much Saltpetre in them, and others too

little ; and in either Cafe there will be a Lofs of

Strength in the Powder.

As the Excellency of Powder then depends on

ſomany Particulars, in the Quality andQuantity of

the Materials, and in the working them together,

it is, doubtleſs, ofgreat Importance, that those who

receive the publick Stores ſhould have it in their

Power to fatisfy themselves about the Goodness of

what is delivered tothem. The Method moſt com-

monly followed for this Purpoſe, here with us, is

(if I am rightly informed) to fire a ſmall Heap of

it on a cleanBoard, and to attend nicely to the

Flame and Smoke it produces, as likewiſe to the

Marks it leaves behind it on the Table ; from all

which inftructive Particulars the Merit of the Pow-

der
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der is afcertained with greatAccuracy, as is pre-

tended: But beſides this uncertain Method, which,

I prefume, (how much foever it may be practiſed)

none will feriouſly undertake to defend, there are,

on particular Occafions, other Contrivances made

uſe of; all which bear ſome Analogy to the com-

mon Powder-triers, fold at the Shops; only they

are more artfully fabricated, and instead of aSpring

they move a Weight, which is a more certain and

equable Power.

But theſe Machines, tho' more perfect than the

common Powder-triers, are yet liable to great Irre-

gularities ; for as they are all movedby the inſtan-

taneous Stroke of the Flame, and not by its conti-

nued Preſſure, they do not determine the Force of

the fired Powder with that Certainty and Unifor-

mity, which were to be deſired in theſe kinds of

Trials : And therefore, I cannot but think, the

Method followed by the French, in the receiving of

Powders theMakers, to be much better. Their

Practice is thus :

fromhe

They have, in each Magazine, a ſmall Mortar

caſt, with its Bed, according to a determined Pat-

tern, which is the fame throughout the Kingdom :

This Mortar is always pointed at45°, and it con-

tains juſt three Ounces of Powder ; and it is a

ſtanding Maxim, that no Powder can be received

into their Stores, unleſs three Ounces of it, placed

in the Chamber of this Mortar, throws a ſolid Ball

of 7 Inches Diameter to theDiſtance of at least 55

French Fathom.

Ithas been objected to this Method, that if each

Barrel of Powder was to be proved in this manner,

theTrouble of charging the Mortar, and bringing

back the Ball each time, would be intolerable, and

the Delay ſo great, that no Buſineſs of this kind

could ever be finiſhed ; and if a Number of Bar-

rels are received on the Merit of a few, it is great

Odds
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Odds but fome bad ones will be amongst them,

which may prove a greatDiſappointment in time of

Service. Add to this another Exception, which

to me has much more Weight; and that is, the

monſtrous Diſproportion between the Weight of the

Ball and the Powder that projects it ; ſo that the

Powder continues inAction a longer time, and ex-

pands through a much larger Space, in Proportion

to its Quantities in theſe Trials, than it ever does

in any real Service ; whence it happens, that the

Vapour cools, and great Part of it eſcapes thro the

Touch-hole, or bytheSide oftheBullet ; ſo that the

Quantity of Motion produced by the Exploſion is,

inthis Inſtance, but little more than half of what it

ought to be, if the Powder acted on the Ball with

its full Force undiminiſhed by theſe Accidents ;

conſequently, as this Diminution of Force maynot

be always conftant, the Action of the fame Powder,

by the varying of theſe adventitious Circumſtances,

may, at differentTimes, convey the Ball to diffe-

rent Diſtances.

Now this laſt Exceptiondoesno ways hold againſt

theMethod by which I have tried the comparative

Strength of different kinds of Powder, which has

been by the actual Velocity given to a Bullet, by

fuch a Quantity of Powder as is usually eſteemed a

proper Charge for the Piece: And as this Velocity,

however great, is easily discovered by the Motion

which the Pendulum acquires from the Stroke of

the Bullet, (according to the Principles laid down

above) it might feem a good Amendment to the

Method uſed by the French, to introduce this Trial

by the Pendulum inſtead of it. But tho' I am fa-

tisfied, that this would be much more accurate, leſs

laborious, and readier than the other, yet, as there

is fome littleAttention and Caution required in this

Practice, which might render it of leſs Diſpatch

than might be convenient, when a great Number of

Barrels
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Barrels were to be ſeparately tried, I ſhould myself

chooſe to practise another Method not leſs certain,

but prodigioufly more expeditious ; fo thatI could

engage, that the weighing out of a ſmall Parcel of

Powder from each Barrel ſhould be the greatest

Part of the Labour ; and, doubtleſs, three or four

Hands could, by this Means, examine 500Barrels

in a Morning ; befides, the Machines for this Pur-

poſe, as they might be made of caſt Iron, would

be ſo very cheap, that they might be multiplied at

Pleaſure. However, I ſhall defer the Deſcription

of this Method at preſent, and ſhall proceed to the

Confideration of the Reſiſtance of the Air, a Sub-

ject of the greatest Importance to the Perfection of

Gunnery.

CHAP



CHAP. II.

Of the Resistance of the Air, and of

the Track described by the Flight

of Shot and Shells.

B

EFORE I more minutely diſcuſs the

Subject of this Chapter, it is neceſſary

topremiſe, that the greatest Part ofAu-

thors have eſtabliſhed it as a certain

Rule, that, whilst the ſame Body moves

in the fame Medium, it is always refifted in the

duplicate Proportion of its Velocity ; that is, if

the reſiſted Body move in one Part of its Track

with three times theVelocity with which it moved

in ſome other Part, then its Reſiſtance to thegreater

Velocity will be nine times the Reſiſtance to the

leſſer. If the Velocity in one Place be four times

theVelocity in another, theReſiſtance to the greater

Velocity will be fixteen times the Reſiſtance to the

leſſer, and ſo on. This Rule, tho' exceſſively erro-

neous, (as we shall hereafter ſhew) when taken in

a general Senſe, is yet undoubtedly very near the

Truth, when confined within certain Limits ; and

therefore, in our future Diſquiſitions, we ſhall ſup-

poſe,thatin all ſmallChanges ofVelocityinthe reſiſt-

ingBody it does accuratelyhold true; ſo that when

we ſpeak hereafter of the Reſiſtance oftheMedium

being increaſedor diminiſhed by the varying ofthe

Velocity, we ſhall not hereby include that Increaſe

orDiminution, which ought to takePlace according

to this Law, but ſhall thereby intend aReſiſtance,

greater



(67)

/

greater or leſs, than what the moving Body ought

to undergo from theApplication of this Principle ;

that is, we shall thereby underſtand an Increaſe or

Diminution in the reſiſting Power of the Medium,

fimilar to what might be occaſionedby increaſing

or diminiſhing its Denfity : the principal Purport

of our preſentAttempt being to evince, that, ac-

cording to thedifferent CompreſſionoftheMedium,

or the different Degree of Velocity in the moving

Body, fuch Changes mayariſe in the refifting Power

of theMedium, as could ſcarcely be effected, ac-

cording to the Principles commonly received onthis

Subject, by a treble Augmentation of its Denſity.

This we doubt not irrefragably to confirm in the

following Differtation.

PROPOSITION I.

:

To defcribe the general Principles of theRe

fiftance of Fluids to folid Bodies moving in

them.

I
N order to conceive the Reſiſtance of Fluids to

aBody moving in them, it is neceſſary todiſtin-

guiſh between thoſe Fluids which,being compreſſed

by ſome incumbent Weight, perpetually cloſe up

the Space deferted by the Body in Motion, without

permitting for an Inſtant any Vacuity to remainbe-

hind it; and thoſe Fluids in which (they being not

ſufficiently compreſſed) the Space left behind the

movingBody remains for ſome time empty. Theſe

Differences, in the reſiſting Fluids, will occafion

very remarkableVarieties in the Laws oftheir Re-

ſiſtance, and are abſolutely neceſſary tobeconfidered

in the Determination of the Action of the Air on

Shot andShells ; for theAir partakes ofboth theſe

Affections, according to the different Velocities of

the projected Body.
F2 If
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If aFluid wasſo conftituted, that all the Par-

ticles compoſing it were at ſome Diſtance from each

other, and there was noAction between them, then

the Reſiſtance of a Body moving therein wouldbe

eafily computed, fromthe Quantity of Motion com-

municated to theſe Particles : For instance, ifa Cy-

linder moved in ſuch a Fluid in the Direction of

its Axis, it would communicate to the Particles it

met with a Velocity equal to its own, and in its

ownDirection, ſuppoſing that neither the Cylinder,

nor the Parts of the Fluid, were elastic ; whence,

if the Velocity and Diameter of the Cylinder be

known, and alſo the Density of the Fluid, there

would thence be determined the Quantity of Mo-

tion communicated to the Fluid, which (Action

and Re-action being equal) is the fame with the

Quantity loft by the Cylinder, conſequently the

Reſiſtance would be hereby ascertained.

In this kind of discontinued Fluid, the Particles

being detached from each other, every one ofthem

canpurſue its ownMotion in any Direction, at least

for ſome time, independent of the neighbouring

ones ; wherefore, if, instead of a Cylinder moving

in the Direction of its Axis, a Body, with a Sur-

face oblique to its Direction, be ſuppoſed to move

in fuch a Fluid, the Motion the Parts of the Fluid

willhereby acquire, will notbe in the Direction of

the refifted Body, but perpendicular to its oblique

Surface ; whence the Reſiſtance to ſuch a Body will

not be eſtimated from the whole Motion communi-

cated to the Particles of the Fluid, but from that

Part of it only, which is in theDirection ofthe re

fifted Body. In Fluids then, where the Parts are

thus diſcontinued from each other, the differentOb.

liquities of that Surface, which goes foremost, will

occafion confiderableChangesin the Reſiſtance, altho

the Section of the folidby a plain Perpendicular to its

Direction ſhould in allCafes be the fame. And Sir

Ifaac
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:

Ifaac Newton has particularly determined, that in

aFluid thus conftituted, the Reſiſtance of aGlobe

is but half the Reſiſtance of a Cylinder of the

ſame Diameter, moving in the Direction of its Axis

with the fame Velocity.

But tho' the Hypotheſis of a Fluid, thus confti-

tuted, be of great Uſe in explaining the Nature of

Reſiſtances ; yet, in reality, no ſuch Fluiddoes exiſt

within ourKnowledge: All theFluids withwhich we

are converfant are ſo formed, that their Particles

either lie contiguous to each other, or at least act

oneach other in the fame manner, as if they did ;

conſequently, in theſe Fluids, no one Particle, con-

tiguous to the reſiſted Body, can be moved, with-

out moving at the same time a great Number of

others, fome of which willbediſtant from it ; and

the Motion thus communicated to a Maſs of the

Fluid will not be in any one determined Direction,

but will in each Particle bedifferent, according to

thedifferent Manner in which it lies in Contact with

thoſe, from whence it receives its Impulſe ; whence,

great Numbers of the Particles beingdiverted into

oblique Directions, the Reſiſtance of the moving

Body, which will depend on the Quantity of Mo-

tion communicated to the Fluid in its own Direc-

tion,will beherebydifferent in Quantity, from what

it would be in the preceding Suppoſition, and its

Eftimation becomes much more complicated and

operofe. :

If the Fluid be compreſſed by the incumbent

Weight of its upper Parts (as all Fluids are with

us, except at their very Surface) and if theVelo-

cityof the movingBody be much less than that

with which the Parts of the Fluid would rush into

a void Space, inconfequence of their Compreffion,

it is evident, that in this Cafe the Space leftby the

moving Body will be inſtantaneously filled up by

the Fluid, and the Parts of the Fluid against which

F3 the
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the foremoſt Part of the Body preſſes in its Mo-

tion, will, inſtead ofbeing impelled forwards in the

Direction of the Body, circulate in ſome meaſure

towards the hinder Part of the Body, thereby to

reſtore the Equilibrium, which the conſtant Influx

of the Fluid behind the Body would otherwiſe de-

ſtroy ; whence the progreſſive Motion of the Fluid,

and conſequently theReſiſtance of the Body,which

depends thereon, would be in this Inſtance much

leſs than in our firſt Hypotheſis, where each Par-

ticle was ſuppoſed to acquire, from the Stroke of

the reſiſting Body, a Velocity equal to that, with

which the Body moved, and in the ſame Direc-

tion. Sir Ifaac Newtonhas determined, that theRe-

ſiſtance to a Cylinder moving in the Direction of

itsAxis, in ſuch a compreſſed Fluid as we have

here treated of, isbut one fourth Part of the Re-

fiſtance, which the ſame Cylinder would undergo,

if it moved with the fameVelocity in a Fluid con-

ſtituted in the Manner, we have deſcribed in our

firſt Hypotheſis, each Fluid being ſuppoſed to be

of the fameDenſity.

But again, it is not only in the Quantity oftheir

Reſiſtance that theſe Fluids differ, but likewise in

thedifferent Manner, in which they act onSolids of

different Forms moving in them.

We have ſhewn, that in the diſcontinued Fluid,

whichwe firſt deſcribed, the Obliquity of the fore-

moft Surface of the movingBody would diminiſh

the Reſiſtance ; but in compreſſed Fluids this holds

not true, at leaſt not in any confiderable Degree ;

for the principal Reſiſtance in compreſſed Fluids

arifes from the greater or leſſer Facility, with which

the Fluid, impelled by the Fore-part of theBody,

can circulate towards its hindermoſt Part ; and this

being little, if at all, affected by the Form of the

moving Body, whether it be cylindrical, conical,

or ſpherical, it follows, that while the tranſverſe Sec
tion
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tionof theBody, and conſequently the Quantity of

impelledFluidbe the fame, theChange ofits Figure

will ſcarcely affect the Quantity of its Reſiſtance.

Andthis Cafe, that is, the Reſiſtance of a com-

preſſed Fluid to a ſolid, moving in it with aVelo-

citymuch less than what the Parts of the Fluid

would acquire from their Compreffion ; this Cafe,

I ſay, has been very fully confidered by Sir Ifaac

Newton, whohas ascertained the Quantity of fuch

a Reſiſtance according to the different Magnitudes

of the moving Body, and the Denſity oftheFluid.

But he very expressly informs us, that theRules he

has laiddown are not generally true, but upon a

Suppoſition that the Compreſſion of the Fluid be

increaſed in the greaterVelocities of the moving

Body : However, ſome unſkilful 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 Compreſſions of the Fluids they were re-

ſiſted by ; and by this Means they have accounted

the Reſiſtance of the Air to Muſket and Cannon-ſhot

to bebut one third Part of what I have found it

byExperience.

Indeed, from all we have faid, it appears plain

enough, that the reſiſting Power of the Medium

muſt be increaſed, when the reſiſtingBodymoves fo

faſt, that the Fluid cannot inſtantaneously preſs in

behind it, and fill the deferted Space ; for when

this happens, the Body will be deprived of the

Preſſure of the Fluid behind it, which in ſome

meaſureballanced its Reſiſtance, and muſt ſupport

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 beſides, the Motion in

the Particles driven before the Body is, in this Cafe,

leſs affected by the Compreſſion ofthe Fluid, and

conſequently they are leſs deflected from the Di-

F4 rection
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rection in which they are impelled by the reſiſted

Surface ; whence this Species of Reſiſtance ap.

proaches more and more to that deſcribed in our

firſt Hypotheſis, where each Particle of the Fluid

being unconnected with the neighbouring ones,

purſued its ownMotion, in its own Direction,with-

out being interrupted or deflected by their Conti-

guity ; and therefore, as we before obſerved, that

the Reſiſtance of adiſcontinued Fluid to a Cylin-

der, moving in the Direction of its Axis, was four

times greater than the Reſiſtance of a Fluid ſuffici-

ently compreſſed of the fame Denſity, it follows,

that the Reſiſtance of a Fluid, when a Vacuity is

left behind the moving Body, may be near four

times greater than that of the fame Fluid, when

no ſuch Vacuity is formed ; for when a void Space

is thus left, wehave ſhewn the Reſiſtance to approach

in its Nature to that of a diſcontinued Fluid.

This then may probably be the Cafe in a Cy-

linder moving in the fame compreſſed Fluid, ac-

cording to the different Degrees of itsVelocity ; fo

that if it ſet out with a great Velocity, and moves

in the Fluid till thatVelocity be much diminiſhed,

the reſiſting Power of the Medium may be near

four times greater in the Beginning of its Motion

than in theEnd. In aGlobe the Difference will not

be ſo great, becauſe, on account of its oblique Sur-

face, its Reſiſtance inadiſcontinued Medium is but

about twice as much as in one properly compreſſed ;

for its oblique Surface diminishes its Reſiſtance in

one Cafe and not in the other : however, as the

Compreffion of the Medium, even when aVacuity

is left behind the moving Body, may yet confine

the oblique Motion ofthe Parts of the Fluid,which

are driven before the Body, and as in an elastic

Fluid (as is our Air) there will be fome Degree of

Condenſation in thoſe Parts, it is highly probable,

that the Reſiſtance of aGlobe, moving in acom-

preffed
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preſſed Fluid with a very great Velocity, willbe

between that of a Globe and of a Cylinder, in a

diſcontinuedMedium ; that is, (in Proportion to its

Velocity) we may ſuppoſe it to be more than twice,

and less than four times the Reſiſtance of the ſame

Globe, moving flowly through the ſame Medium ;

whence, perhaps, we shall not much err in ſuppoſing

theGlobe in its ſwiftest Motions to be reſiſted near

three times more, in Proportion to its Velocity, than

when it is floweſt.

And as this Increaſe of the reſiſting Power of

the Medium will take Place, when the Velocity of

the movingBody is ſo great, that a perfect Vacuity

is left behind it, ſo ſome Degree ofAugmentation

willbe ſenſible inVelocities much ſhort of this ; for

evenwhen, by the Compreffion of the Fluid, the

Space left behind theBody is inſtantaneously filled

up, yet if the Velocity, with which the Parts of the

Fluid ruſh in behind, is not muchgreater than that,

withwhich the Body moves, the fame Reaſons we

have urged above, in the Cafe of an abſoluteVa-

cuity, will hold in a leſsDegree in this Inſtance ;

and therefore we are not to ſuppoſe, that the in-

creaſed Reſiſtance, which we have hitherto treated

of, immediately vaniſhes, when the Compreſſion of

theFluid is juſt ſufficient to prevent a Vacuum be-

hind the refifted Body; but we must conſider it as

diminiſhing only, according as the Velocity with

which the Parts of the Fluid follow the Body, ex-

ceeds that with which the Body moves.L

Hence then we conclude, that if a Globe ſets

out in a reſiſting Medium, with a Velocity much

exceeding that with which the Particles of the Me-

dium would rush into a void Space, in conſequence

of their Compreſſion, fo that a Vacuum is neceffa-

rily left behind the Globe in its Motion, the Re-

ſiſtance of this Medium to the Globe will be near

three times greater, in Proportion to its Velocity,

than what we are fure, from Sir Isaac Newton,

would
(...
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would take Place in a flower Motion. We may

farther conclude, that the reſiſting Power of the

Medium will gradually diminiſh, as the Velocity

ofthe Globe decreases, till at laſt, when it moves

with Velocities, which bear but a ſmall Proportion

to that, with which the Particles oftheMedium fol-

low it, the Reſiſtancebecomes the fame withwhat

is aſſigned by Sir Isaac Newton in the Caſe of a

compreſſed Fluid.

And from thisDeterminationwe may learn, how

falſe that Poſition is, which afferts the Reſiſtance

of anyMedium tobe in the duplicate Proportion

of the Velocity of the reſiſted Body ; for it plainly

appears, by what we have faid, that this can only

beconfidered as nearly true in ſmall Variations of

Velocity, and can never be applied in the compa-

ring together the Reſiſtances to all Velocities what-

ever without the moſt enormous Errors.

Theſe Principles being laid down, we shall next

proceed to an experimental Examination ofthe Re-

ſiſtance oftheAir in particular, both in orderthence

to evince how nearly theſe Speculations agree to

the real obſervedAction of Fluids, and likewiſe to

ſhew, how egregiouſly all thoſeTheorists have been

miſtaken, who have conceived, that the Reſiſtance

of the Air to Shells and Shot of all kinds was

ſcarcely worthy of Attention.

PROP. II.

To determine theResistance of the Air to Pro-

jectiles by Experiments.

Y Means of the Machine deſcribed inthe 8th

BProposition, have indeedinte
mine the Velocity, with which a Ball moves in any

Part of its Track, provided I candirect the Piece

fo as to cauſe the Bullet to impinge on the Pendu-
lum
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lumplaced inthat Part ; and therefore charging a

Muſket-barrel three times ſucceſſively witha leaden

Ball of of an Inch Diameter, and about half its

Weight of Powder, and taking ſuch Precaution in

the weighing of the Powder, and placing it, that

I was aſſured, by many previous Trials, that the

Velocity of the Ball could not differ by 20 Feet in

1" from its Medium Quantity, I fired it against the

Pendulumplaced at25 Feet, at 75 Feet, and at 125

Feet Diſtance from the Mouth of the Piece reſpec-

tively; and I found that it impinged against the

Pendulum in the firſt Caſe with aVelocity of 1670

Feet in 1 ", in the ſecond Cafe with a Velocity of

1550 Feet in 1 ", and in the third Caſe with a Ve-

locity of 1425 Feet in 1 " ; ſo that in paffing thro

50Feet of Air, the Bullet loſt a Velocity of about

120or 125Feet in 1 "; and theTime of its paſſing

thro' that Space being about or of 1 ", the

MediumQuantity of Reſiſtance muft, intheſe In-

ſtances, have been about 120 times the Weight of

the Ball, which (as the Ball was nearly of a

Pound) amounts to about 10lb. Avoirdupoiſe.

32

4

30

Now if a Computation be made according to

theMethod laid down for compreſſed Fluids in the

38th Propoſition, Lib. 2. of Sir Isaac Newton's

Principia, ſuppoſing the Weight of Water tobe to

the Weight of Air, as 850 to 1, it will be found,

that the Reſiſtance to aGlobe of of an Inch Dia-

meter, moving with aVelocity ofabout 1600 Feet

in 1", will not, on thoſe Principles, amount to any

morethan a Force of4 lb. Avoirdupoiſe ; whence,

as we know, that theRules contained inthat Pro-

poſition are very accurate in flow Motions, wemay

hence conclude, that the reſiſting Power of the Air

in flow Motions is less than in ſwift Motions in the

Ratio of 4 to 10, a Proportion between that of

1 to 2 and 1 to 3 .

Again,
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1

Again, I charged the famePiece, aNumber of

times, with equal Quantities of Powder, and Balls

of the fameWeight, taking all poſſible Care to

give to every Shot an equal Velocity ; and firing

three times against the Pendulum, placed 25 Feet

only distant from the Mouth of the Piece, the

Medium of the Velocities with which the Ball im-

pinged, was nearly that of 1690 Feet in 1": Then

removing the Piece 175 Feet from the Pendulum,

I found, taking the Medium of five Shots, that the

Velocity, with whichthe Ball impinged atthisDif-

tance, was that of 1300 Feet in 1 " ; whence the

Ball, in paſſing through 150Feet of Air, loft a

Velocity of about 390 Feet in 1 " ; and the Refif-

tance computed from theſe Numbers comes out

fomething more than in the preceding Inſtance, it

amounting here to between 11 and 12 Pounds,

Avoirdupoiſe ; whence, according to theſe Expe-

riments, the reſiſting Power ofthe Air to fwift Mo-

tions is greater than in flow ones in aRatio which

approaches nearer to the Ratio of 3 to 1, than in

the preceding Experiments.

Having thus afcertained the Reſiſtance to aVe-

locity of near 1700 Feet in 1 " , which must be al-

lowed to be more than fufficient for leaving a

Vacuum behind theBall, I next examined the Re-

ſiſtance to ſmaller Velocities ; and for this Purpoſe

I charged the ſame Barrel with Balls of the ſame

Diameter, but with leſs Powder ; and placing the

Pendulum at 25 Feet Distance from the Piece, I

fired against it five times with an equal Charge

each time ; the Medium Velocity, with which the

Ball impinged, was that of 1180 Feet in 1" ; then

removing the Pendulum to the Diſtance of 250

Feet, the Medium Velocity of five Shots made at

this Diſtance was that of 950 Feet in 1" ; whence

theBall, in paffing through 225 Feet of Air, loft

a Velocity of 230 Feet in 1 " ; and as it paſſed

through



( 77 )

through that Interval in about of 1 ", the Refif-

tance to the Middle Velocity will come out tobe

near 33 times the Gravity of the Ball, or 2 lb.

10 oz. Avoirdupoiſe. Now theReſiſtance to the

fame Velocity, according to the Laws obſerved in

flower Motions, amounts to of the fame Quan-

tity; whence, in a Velocity of 1065 Feet in 1",

the reſiſting Power of the Air is augmented in no

greater a Proportion than that of7 to 11 ; whereas

wehave seen in the former Experiments, that to

ſtill greater Degrees of Velocity, theAugmentation

approached very near to the Ratio of 1 to 3 .

Butfarther, I fired threeShot, of the fame Size

and Weight with thoſe already mentioned, over a

largePiece of Water; ſo that theirdropping into

theWater being very difcernable, both the Diſtance

andTime of their Flight might be accurately af

certained ; each Shot was discharged with aVelo-

city of400Feet in 1"; and Ihad fatisfied myself,

bymany previous Trials of the fame Charge with

the Pendulum, that I could rely on this Velocity

to 10 Feet in 1". The first Shot flew 313 Yards

in 4" , the ſecond flew 319Yards in4", and the

third 373 Yards in 5"1. According to theTheory

of Refiftance eſtabliſhed for flow Motions, the firſt

Shot ought to have ſpent no more than 3", 2, in its

Flight, the ſecond 31,28 , and the third4"; whence

it is evident, that every Shot was retarded confide-

rably more than it ought to have been, had that

Theory taken Place in its Motion ; conſequently,

the refifting Power of the Air is very ſenſibly in-

creaſed, even in fo fmall a Velocity as that of 400

Feet in 1" .

From allthat we have related then, itappears,

that the Theory of the Reſiſtance of the Air, efta-

bliſhed in flow Motions by Sir Ifaac Newton, and

confirmed by many Experiments, is altogetherer-

roneous, when applied to the twifter Motions of
Mufket
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Muſket or Cannon-ſhot ; for that, in theſe Caſes,

the reſiſting Power ofthe Medium is augmented

to near three times the Quantity aſſigned by that

Theory ; that, however, this increased Power of

Reſiſtance diminiſhes as theVelocity of the reſiſted

Bodydiminishes, till at length, when the Motion

is fufficiently abated, the actual Reſiſtance coincides

with that ſuppoſed in the Theory ; that therefore

theReſiſtance is not in the duplicate Proportion of

theVelocity ofthe moving Body, as is usually af-

ſerted, but varies from that Proportion according

to the different Compreſſion of the Fluid compared

with the Velocity ; confequently, from the Confi-

deration of theſe Particulars, we may venture to

affert, that whilst the Reſiſtance of the Air was

thus imperfectly and faultily conceived, the Track

of Muſket and Cannon-ſhot through that Medium

could not be afcertained with the leaſt Degree of

Certainty ; and therefore the Art of Gunnery could

not but continue extremely imperfect : However, it

is not ſufficient to have ſhewn the Reſiſtance to be

augmented in great Velocities, beyond what has

been uſually ſuppoſed; for, thatwe maybe enabled

more definitely to compute the Motion of Projec-

tiles, it is neceſſary that we ſhould affign the Rate

of thisAugmentation according to thedifferentVe-

locities of the reſiſted Body. This ſhall bethe Sub-

ject of our next Propoſition.

PROP. III.

To aſſign the different Augmentations of the

refifting Power of theAir according to the

different Velocities of the refiftedBody.

S no largeShot are everprojected in Practice

withVelocities exceeding that of 1700 FeetA
in 1", I have not as yet made any Experiments on

the
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the Reſiſtance of Bodies which have moved with

a ſwifter Motion than this, eſteeming theDetermi-

nation of the Variation of the Reſiſtance to all lef-

ferVelocities, to be ſufficient for the Purpoſes ofthis

Treatise.

According to the Trials I have made, the reſiſt-

ing Power of the Air to Velocities leſs than that of

1700 Feet in 1", may be thus nearly exhibited.

A

+

C B D

Let AB be taken to AC in the Ratio of the Ve-

locity of 1700 Feet in 1", to the given Velocity to

which the refifting Power of theAir is required ;

continue the Line AB to D, ſo thatBD may be

toAD, as the reſiſting Power of the Air to flow

Motions is to its refifting Power to a Velocity of

1700Feet in 1 ", then ſhall CD be to AD, as

the reſiſting Power of the Air to flow Motions is

to its refifting Power to the given Velocity repre

ſentedbyAC.

PROP. IV.

To determine the Velocities with whichMusket

and Cannon-fhot are discharged from their

respectivePieces by their usualAllotment of
Powder.

F
ROM the Computations ofthe 7th Propo-

ſition of the iſt Chapter, confirmed by the

ſucceeding Experiments, it plainly appears, that a

leaden Ball of ofan Inch inDiameter, and weigh-

ing nearly 1 oz. Avoirdupoiſe, if it be fired

from a Barrel of 45 Inches in Length, with half

its Weight of Powder, will iſſue from that Piece

with
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with aVelocity which, if it were uniformly conti-

nued, would carry it near 1700 Feet'in 1".
Ifinstead ofa leadenBall an Iron one ofthe fame

Diameter was placed in the ſame Situation in the

fame Piece, and was impelled by the fame Quan-

tity of Powder, the Velocity of ſuch an IronBullet

would be greater than that of the leaden one, in

the fubduplicate Ratio of the ſpecific Gravities of

Lead and Iron ; and ſuppoſing that Ratio to be as

3 to2, and computing on thePrinciples laid down

inthe laft-cited Propoſition, it will appear that an

Iron Bullet of 24lb. Weight, ſhot from a Piece of

10 Feet in Length, with 16lb. of Powder, will

acquire from the Explosion a Velocity which, if

uniformly continued, would carry it nearly 1650

Feet in 1 ".

This is theVelocity which, according to our

Theory, a Cannon-ball of 24 lb. Weight is dif-

charged with, when it is impelledbyafull Charge

of Powder ; but if, instead ofa Quantity of Pow-

der weighing two-thirds of the Ball, we fuppofe

the Charge to be only half the Weight ofthe Ball,

then its Velocity will, on the ſame Principles, be

no more than at the Rate of 1490 Feet in 1" ; and

the fame would be the Velocities of every leffer

Bullet, firedwith the fame Proportions of Powder,

if the Lengths of all Pieces were conftantly inthe

fame Ratio with the Diameters oftheir Bore : And

altho , according to the uſual Dimenſions of the

ſmaller Pieces of Artillery, this Proportion does

not always hold, yet the Difference is notconfider-

able enough to occafion a verygreatVariation from

the Velocities here affigned ; as will be obvious to

any one, who ſhall make a Computation thereon.

But in theſe Determinations, we ſuppoſe the

Windage to be no more, than is just neceſſary for

the eaſy putting down the Bullet ; whereas, in real

Service, either throughNegligence or Unſkifulneſs,

:

it
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it often happens, that the Diameter of the Bore fo

much exceeds the Diameter of the Bullet, thatgreat

Part of the inflamed Fluid eſcapes by its Side ;

whence the Velocityofthe Shot, in this Cafe, may

be confiderably leſs than what we have affigned.

However, Part of this may poſſibly be compen-

fated bythe greaterHeat, which (as we have ob

ferved in the 6th Propoſition) in all Probability at-

tends the firing of theſe large Quantities of Pow-

der.

COROLLARY.

From the greatVelocity of Cannon-ſhot affigned

in this Propoſition wemay clear up that Difficulty

which has driven ſome Writers, on the common

Theory of Gunnery, into a very extraordinary

Hypotheſis. The Difficulty, I mean, is the Extent

of the ſuppoſed point-blank Shot, or the Diſtance

towhich it is conceived to fly in a ſtraight Line..

OurAnderson having found,by manyExperiments ,

that the Track of Shells and Bullets, in the first

Part of their Motion, was much less incurvated,

than what it ought to be on the Principles of Gali

leo,when comparedwith the diſtantRanges,he fup-

poſed, in order to reconcile this Circumstance with

his Theory, that everyShot was impelled to a cer-

tain Diſtance from the Mouth of the Piece, in a

ſtraight Line, or that for fomeDiſtance it was no

waysaffected by theAction of Gravity. By this

Means hedefended, as hethought, the Hypothefis

of a parabolic Motion, and atthe fame time af-

ſented to the vulgar Opinion of the practical Wri-

ters, who, in general, afferted the fame thing. But

could no better Accountbe given of his Experi-

ments, it would yetbe unneceffary, I prefume, for-

mally to confute ſo ſtrange a Suppofirion as that of

the Sufpenfion of the Action of Gravity. Indeed,

Anderson was deceived, by his not knowing how

greatly
G
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greatly the primitiveVelocity of the heaviest Shot

is diminiſhed in the Courſe of its Flight by theRe-

ſiſtance 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 ſtraight Line to a certain Diſtance from the

Piece, which imaginary Diſtance they have deno-

minated the Extent of the point-blank Shot, we

need only ſuppoſe, that within that Diſtance, which

they thus determine, theDeviation of the Path ofthe

Shot from a ſtraight Line is not very perceptible

in their Method of pointing. Now, as a Shot of

24lb. fired with two-thirds of its Weight in Pow-

der, will, at the Diſtance of 500Yards from the

Piece, be ſeparated from the Line of its original

Direction, by anAngle of little more thanhalf a

Degree ; thoſe, who are acquainted with the inac-

curate Methods often uſed inthe directing of Can-

non, will easily allow, that ſo ſmall an Aberration

as this may, by the generality of Practitioners, be

unattended to, and the Path of the Shot may con

fequently be deemed a ſtraight Line, eſpecially as

other Caufes of Error will often intervene, much

greater than what ariſes from the Incurvationof this

Line by Gravity.
In the preſent Propoſition, the Velocity of a

Shot is determined, both when fired with two-thirds

of its Weight of Powder, and with half its Weight

of Powder, reſpectively ; and, on this Occafion, I

muſt remark, thaton the Principles of the Theory,

which we have ascertained in this Treatiſe, the in

creaſing the Charge of Powder will increaſe the

Velocity of the Shot, till the Powder arrives at a

certain Quantity ; after which, if the Powder be

increaſed, the Velocity of the Shot will diminiſh .

The Quantity producing the greatest Velocity, and

the Proportion between that greatest Velocity and

the
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the Velocity communicated by greater and leſſer

Charges, may be thus aſſigned:

C L

K

H
G

H E

F

K

A I D I B

LetAB repreſent theAxis of the Piece; draw

AC perpendicular to it, and to the Aſymptotes

AC and AB, deſcribe any Hyperbola LF, and

draw BFParallel toAC; find out now the Point

D, where the Rectangle ADEG is equal to the

HyperbolicArea DEFB, then willAD repreſent

thatHeighth ofthe Charge, whichcommunicatesthe

greatest Velocity to the Shot; whence AD being

toAB, as 1 to 2,71828, as appears by the Table

of Logarithms, from the Length of the LineA D

thusdetermined, and the Diameter of theBore, the

Quantity of Powder contained in this Charge is

caſilyknown.

If, inſtead of this Charge, any other filling the

Cylinder to the Heighth A I be used, draw IH

Parallel to AC, and through the Point H, to the

ſame Aſymptotes AC and AB, deſcribe the Hy-

perbolaHK ; then the greatest Velocity will be to

the Velocity communicated by this Charge AI, in

the fubduplicate Proportion of the Rectangle A E,

to the fame Rectangle diminiſhed by the trilinear

Space HKE. All this easily follows from the

Principles laid down in the 7th Propoſition of the

iftChapter.

:

G2 PROP.
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PROP. V.

When a Cannon-Ball of 24lb. Weight, fired

with a full Charge of Powder, firſt iſſues

from the Piece, the Resistance of theAir on

its Surface amounts to more than twenty

times its Gravity.

F
OR we have ſhewn, in the ſecond Propofi-

tion of the preſent Chapter, that the Refif-

tance of the Air on the Surface of aBullet of of

an Inch Diameter, moving with a Velocity of 1670

Feet in 1", amounted to 10 lb. Now we have

ſeen, in the laſt Propoſition, that an Iron Bullet

weighing 21lb. if fired with 16 lb. of Powder,

(which is usually eſteemed its proper battering

Charge) acquires a Velocity of about 1650 Feet in

", ſcarcely differing from the other ; whence, as

the Surface of this laſt Bullet is more than fifty-four

times greater than the Surface of a Bullet of of

an Inch in Diameter, and their Velocities are nearly

the fame, it follows, that the Reſiſtance on the

largerBullet will amount to more than 540lb, which

is near twenty-three times its own Weight.

-

S.CIIOLIUM,

Wehave obſerved, in the Introduction, that the

'Theorifts who have profeſſedly written on the Sub-

ject of Gunnery, have generally agreed in ſuppo-

fing the Flight of Shot and Shells tobe nearly in

the Curve of a Parabola ; and it is against this

Hypothefis that the two laft Propoſitions are parti-

cularly aimed.

For the Reaſon, which has been given by theſe

Authors, in Suppor of their Opinion, is the fup-

pofed
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poſed inconfiderable Reſiſtance of the Air ; fince,

as it is agreed on allSides, that theTrackof Pro-

jectiles would be a Parabola, if there was no Re .

"ſiſtance, it has from hence been too rafhly con-

cluded, that the Interruption, whichthe ponderous

Bodies of Shells and Bullets would receive from fo

rare a Medium asthe Air, would be fcarcely fen-

fible, and confequently that their parabolic Flight

would be hereby fcarcely affected.

Now the prodigious Reſiſtance of the Air to a

Bullet of 24 lb. Weight, ſuch as we have here efta-

bliſhed it, ſufficiently confutes this Reasoning ; for

how erroneous muſt that Hypothefis be,which neg-

lects as inconſiderable a Force, which amounts to

more than twenty times the Gravity ofthe moving

Body ? However, we shall not content ourſelvas

with having demonstrated theReality andQuantity

of the Air's Reſiſtance, but we shall proceed to a

more particular Examination ofthe Flight ofBodies

inthat Medium, where we shall evince, by many

Experiments, how greatly the Track, deſcribed by

calmoſt every Projectile, deviates in every Circum-

ſtance from what it ought to be on the generally.

received. Principles. But, firſt, it is neceffary to af-

fume a few Particulars, the Demonſtrations ofwhich

may be found in almoſt every Writer on the com-

monTheory of falling Bodies.

Post. 1. If the Reſiſtance of the Air be fo

ſmall, that the Motion of a projected Body

be in the Curve of a Parabola, then the Axis of

that Parabola will be perpendicular to the Horizon,

and conſequently the Partof the Curve, in which

the Body afcends, will be equal and fimilar to that

in which it defcends. 1.

Poft. 2. If the Parabola, in which the Body

moves,be terminated on a horizontalPlain, then the

Vertex of the Parabola will be equally diſtant from

its two Extremities.

G3 Poft
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Poft. 3. Alſo the moving Body will fall on that

horizontal Plain in the ſame Angle and the ſame

Velocity with which it was firſt projected.

Poft. 4. If a Body be projected in different

Angles, butwith the ſame Velocity, then its great-

eft horizontal Range willbe, when it is projected

in an Angle of 45 ° with the Horizon.

Poft. 5. If the Velocity, with which theBody is

projected, be known, then this greatest horizontal

Rangemay be thus found: Compute, according to

the common Theory of Gravity, what Space the

projected Body ought to fall through to acquire

the Velocity with which it is projected, then twice

that Space will be the greatest horizontal Range,

or the horizontal Range, when the Body is pro-

jected in anAngle of 45° with the Horizon.

Poft. 6. The horizontal Ranges of a Body,

when projected with the fame Velocity, at different

Angles, will be between themselves, as the Sines

oftwicetheAngle, inwhich the Line of Projection

is inclined to the Horizon.

Poft. 7. If a Body be projected in the fame

Angle with the Horizon, but with different Velo-

cities, the horizontal Ranges will be in thedupli-

cate Proportion of thoſe Velocities.

Theſe Poſtalates contain the Principles onwhich

the Motions of Projectiles are computed by the

modern Writers on theArt of Gunnery.

If any of theſe Poſtulates hold not true, when

applied to the Motion of a Projectile, then that

Projectile deviates in its Flight from a parabolic

Track ; we shall therefore effectually destroy the

common Theory of Projectiles, if we can ſhew,

that in general none of theſe Poftulates correſpond

to the obſerved Motions of thoſe Bodies.

PROP.
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:
PROP. VI.

The Track described by the Flight of Shot or

Shells is neither a Parabola, nor nearly a

Parabola, unless they are projectedwithsmall

Velocities.

OR we have determined, in the fourth Pro-

ball of an Inch in Diameter, fired with half its

Weight of Powder from a Piece 45 Inches long,

moves with a Velocity of near 1700 Feet in 1 ".

Now, if this Ball flew in the Curve of a Para-

bola, its horizontal Range at 45 ° would be found,

by the fifth Poftulate, to be about 17 Miles. Now

all the practical Writers aſſure us, that this Range

is really ſhort of half a Mile. Diego Ufano al-

ſigns to anArquebuſe, 4Feet inLength, and car-

rying a leaden Ball of 1 oz. Weight (which is

very near our Dimenſions) 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.

Mersennus too tells us, that he found the horizon-

tal Range of an Arquebuſe at 45° to be less than

400 Fathom, or 800 Yards ; whence, as either of

theſe Ranges are ſhort of half an English Mile, it

follows, that a Muſket-ſhot, when fired with a

reaſonable Charge of Powder, at an Elevation of

45°, flies not the Part of the Diſtance it ought

todo, if it moved in a Parabola.

34

Nor is this great Contraction of the horizontal

Range to be wondered at, when it is confidered,

that the Reſiſtance ofthis Bullet, when it firſt iſſues

from the Piece, amounts to 120 times its Gravity,

as has been experimentally demonftrated in the

fecond Propofition of the preſent Chapter.

G4 Again

:
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Again, leſt it ſhould be faid, that this Aberra

tion of the Flight of a Muſket-ball from the Curve

of a. Parabola is no Proof, but that heavier Shot,

whoſe Reſiſtance is much leſs inProportion totheir

Weight, may fufficiently coincide with the com-

mon Hypothefis ; our next Inftance ſhall be in an

Iron Bullet of 24lb. Weight, which is the heaviest

in commonUse for Land Service. Such aBullet,

fired from a Piece of the customary Dimenſions,

with its greatest Allotment of Powder, has a Velo-

city of 1650 Feet in 14, as we have determined in

the fourth Propoſition ofthe preſent Chapter: Now

if the horizontal Range of this Shot, at 45°, be

computed on the parabolic Hypotheſis by the fifth

Poftulate, it will come out to be about 16 Miles,

which is between five and fix times its real Quan-

tity , for the practical Writers all agree in making

it leſs than three Miles : And St. Remy informs us

of ſome Experiments made by Mr. Du Metz, in

which the Range, at 45°, of a Piece ten Feet in

Length, carrying a Balt of 24 lb. and charged

with 16 lb. of Powder, was 2250 French Fathom,

which is 222 Fathom ſhort of three Miles ; confe-

quently an Iron Bullet of 24lb. Weight, when im-

pelledwith its fullAllotment of Powder, flies not,

at 45°, to the fifth Part of the Diſtance which it

ought to do, if it described the Curve of a Para-

bola.
But farther, it is not only when Projectiles are

moved with theſe very great Velocities, that their

Flight ſenſibly varies from the Curve of a Parabo-

la ; the fame Aberration often takes place in ſuch

asmove flow enough to have their Motion traced

out by the Eye ; for there are few Projectiles, that

canbe thus examined, which do not viſibly difagree

with the firſt , ſecond, and third Poftulate, they

obviously deſcending through a Curve which is

ſhorter and leſs inclined to the Horizon than that

in
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1

inwhich they aſcended; alſo the highest Point of

their Flight, or the Vertex of the Curve, is much

nearer to thePlace,wherethey fall on the Ground,

than to that from whence they were at firſt diſ-

charged. Theſe 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 Diſtance.

Ihave found too by Experience, that the fifth,

fixth and feventh Poſtulates are exceſſively errone-

ous, when applied to the Motions of Bullets mo-

vingwith ſmall Velocities : AleadenBullet 4 ofan

Inch in Diameter, diſcharged with a Velocity of

about 400 Feet in 1", and in anAngle of 19°: 5',

with the Horizon, ranged on the horizontal Plane,

no more than 448 Yards ; whereas its greatest ho-

rizontal Range being found by the fifth Poftulate

to be at least 1700 Yards, the Range at 19° : 51

ought, by the fixth Poftulate, to have been 1050

Yards ; whence, in this Experiment, the Range

was not of what it must havebeen, had thecom-

mon-received Theory been true.

Again, a Ball was fired with the ſameVelocity

as in the laſt Experiment, but at an Elevation of

9° : 45 ', its horizontal Range was at a Medium

330Yards.

Now this Range, according to the fifth and fixth

Poftulates, (if its original Velocity be confidered)

ſhould have been 566 Yards. But if it were to be

deduced from the laſt Experiment, by Means of

the fixth Poftulate, it ſhould have been no more

than 241 Yards ; either of which Numbers are ex-

tremely distant from 330.

Again, a Ball being fired at an Elevation of 89,

but with a Velocity of 700 Feet in 1 ", the hori-

zontal Range at a Medium was 690 Yards.

But computing this Range from the originalVe

locity of the projected Body, according to the fifth

and



( 90)

and fixth Poftulates,we ſhall find, that if theTheo-

ry, on which thoſe Poftulates are founded, couldbe

relied on, the Range in the preſent Inſtance ought

to have been 1400Yards ; whence it appears, that

theBody flew not to half the Diſtance which, had

it moved in a Parabola, it ought to have done.

Again, a Ball being firedwith the ſameVelocity

as in the laſt, but at an Elevation of 4°, its hori-

zontal Range was 600Yards.

Now this Range, if deduced from the laſt Ex-

perimentby the fixth Poftulate, ſhould not have

been more than 350 Yards ; hence then is evinced

the Falſity of that Poftulate, and confequently of

the parabolicHypotheſis, onwhich it is founded.

Having thus proved, that theTrack deſcribed

by the Flight, even of the heaviest Shot, is neither

aParabola, nor approaching to a Parabola, except

whenthey areprojected with very ſmallVelocities ;

we shall refer to a ſecond Part, a more distinct

Explication ofthe Nature of the Curve which theſe

Bodies really trace out in their Motion through the

Air: But, as a Specimen of the great Complication

of that Subject, I shall here inſert anAccount of a

very extraordinary Circumſtance, which frequently

takes Place therein.

As Gravity acts perpendicularly to theHorizon,

it is evident, that if no other Power but Gravity

deflected a projected Body from its rectilinear

Courſe, its Motion would be conſtantly performed

in a Plane perpendicular to the Horizon, paſſing

through the Line of its original Direction : But we

have found, that the Body in its Motion often de-

viates from this Plane, ſometimes to the Right-

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 ofGravity,

and
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and again bent out of its original Direction to the

Right or Left by theAction of fome other Force :

In this Cafe no Part of the Motion of the Bullet is

performed in the ſame Plane, but its Track will lie

in the Surface of a kind of Cylinder, whoſe Axis

is perpendicular to the Horizon. The Truth of

thisAfſfertion we ſhall evince by indiſputable Ex-

periments.

PROP. VII.

Bullets in their Flight are not only depreffed

beneath theiroriginal Direction by theAction

of Gravity, but are also frequently driven

to theRight or Left of that Direction by the

Action offome other Force.

F it was true, that Bullets varied their Direction

1 by theAction ofGravity only, then it ought
tohappen, that the Errors, in their Flight to the

Right or Left of theMark they were aimed at,

ſhould increaſe in the Proportion of the Diſtance

of theMark from the Piece only : But this is con-

trary to all Experience ; the ſamePiece, which will

carry its Bullet within an Inch of the intended

Mark, at 10 Yards Diſtance, cannot be relied on

to 10 Inches in 100Yards, much leſs to 30 Inches

in 300 Yards. This Increaſe of the Uncertainty

of the Shot in great Diſtances, more than in the

Proportion of thoſe Diſtances, must have been ob-

ferved by all who have been at any time converfant

with the practical Part of Artillery. Nowthis In-

equality can only ariſe from theTrack of the Bul-

let being incurvated fideways as well as down-

wards ; for by this Means the Diſtance between

that incurvated Line, and the Line of Direction ,

will increaſe in a much greater Ratio than that of

the Diſtance; theſe Lines being coincident at the

Mouth
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Mouth of the Piece, and afterwards feparating in

the Manner of a Curve and its Tangent, if the

Mouth of the Piece be conſidered as the Point of

Contact.

But that thoſe, who have not been themselves ac-

cuſtomed to theſe Matters, may entertain ne

Doubt about whatwe here affert, I ſhall recite ſome

Experiments, I have made, which will put theMat-

ter out of all Queſtion.

I took a Barrel carrying aBall of of an Inch

Diameter, and fixing it on a heavy Carriage, I fa-

tisfied myself of the Steadiness and Truth of its

Direction, by firing at a Board Foot ſquare,

which was placed at 180 Feet Diſtance ; for I

found, that in 16 fucceſſive Shot I miſſed the Board

but once. Now the fame Barrel being fixed on the

fame Carriage, and fired with a ſmaller Quantity

of Powder, fo that the Shock on the Diſcharge

would be much leſs, and confequently the Direc-

tion leſs changed, I found, that at 760 Yards Dif

tance, the Ball flew ſometimes 100 Yards to the

Right of the Line itwas pointed on, and at other

times 100 Yards to the Left. I found too, that

its Direction in the perpendicular Line was not leſs

uncertain, it falling one time above 200 Yards

ſhort of what it did at another ; altho', by the niceft

Examination of the Piece after the Discharge, it

appeared not to have the leaſt ſtarted from the Po-

fition it was placed in.

This then fufficiently confirms the Propoſition,

ſince it was impoſſible the Bullet could have flown

in the Manner here deſcribed, had not the Line of

its Flight been bent round to the Right or Left as

well as downwards.

SCHOLIUM.

The Reality ofthis doubly-incurvated Track be

ing thus demonftrated, it mayperhaps be aſked,
What
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What can be the Cauſe of a Motion ſo different

from what has been hitherto ſuppoſed? And to

this I anſwer, that the Deflection in Queſtion muſt

be owing to ſome Power acting obliquely to the

progreſſive Motion of the Body, which Power can

be no other than the Reſiſtance of the Air. If it

be farther aſked, How the Action ofthe Reſiſtance

of theAir can at any time be in a Line oblique

totheprogreſſive Motion of the Body ? I farther

reply, that it may ſometimes ariſe perhaps from In-

equalities in the reſiſted Surface, but that its general

Cauſe is doubtleſs a whirling Motion acquired by

the Bullet about its Axis ; for by this Motion of

Rotation, combined with the progreſſive Motion,

each Part of the Bullet's Surface will ſtrike the Air

in a Direction verydifferent from what itwould do

ifthere was no ſuch Whirl ; and the Obliquity of

theAction of theAir arising from this Cauſewill

begreater, according as the rotary Motion of the

Bullet is greater in Proportion to its progreſſive

Motion.

to

Ihave now finiſhed all that I propoſed to deter.

mine in this Place, relating to the Force of Pow

der and the Reſiſtance of the Air: But as the

Knowledge of the Reſiſtance of Solids to the Pe .

netration ofShot is ofgreat Importance in theprac..

tical Part of Gunnery, eſpecially in battering in

Breach, I ſhall end the preſent Treatise with a

Propoſition relating thereto, which is as follows.

PROP.



( 94)

PROP. VIII.

IfBullets of the Same Diameter and Density

impinge on thefamefolid Subſtance with dif-

ferent Velocities, they will penetrate that

Subſtance to different Depths, which willbe

in the duplicate Ratio of those Velocities

nearly.And the Reſiſtance offolid Substances

to the Penetration of Bullets is uniform.

T
HE firſt Part of this Propoſition I have

found to be true in agreat Number of In-

ſtances ; for when a leaden Bullet, & of an Inch in

Diameter, was fired againſt a ſolid Block of Elm,

with aVelocity ofabout 1700 Feet in 1 ", I found

that in a great Number of Trials ithad penetrated

from 4 to 5 Inches deep. When a Bulletofthe

ſame Size was fired against the ſame Block, with

aVelocity of about 730 Feet in 1", its outer Sur-

face was always near of an Inch within the Sur-

face of the Wood, ſo that its Penetration was at a

Medium about 1 Inch ; or, if the Cavity be con-

fidered, and reduced to a Cylinder, about 7 of an

Inch, and with a Velocity of 400 Feet in 1 ", the

Bullet penetrated the fame Block uſually to about

half its Subſtance, which, reduced to a cylindric

Cavity, is of an Inch in Depth.

Now 55, 10, 3, are nearly inthe duplicate Pro-

portion of theſe Velocities ; whence, if the Pene-

tration to the greatest Velocity be ſuppoſed5 Inches,

thePenetration of the others oughtby the Propoſition

to be and of an Inch reſpectively ; and theſe

Numbers ſcarcely differ from ? and , whicharewhat

wehave found in our Experiments ; a greater Co-

incidence than this cannot be expected, when the

unequal Texture of the fame Piece of Wood, and
the
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theChange of the Form oftheBullet by the Stroke,

are confidered.

Now, from the Penetration being in thedupli-

cate Proportion ofthe Velocity ofthe impinging

Body, the uniform Reſiſtance oftheWood is easily

evinced on the fame Principles, that the uniform

Action of Gravity is demonſtrated, from its com-

municating to falling Bodies Velocities in thedu-

plicateProportion oftheSpaces they deſcend thro',

or from the rifing of Bodies when projected up-

wards, to Heights which are in the duplicatePro-

portion of the Velocities with which they begin to

afcend.

:

FINIS.
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