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TO HIS GRACE,

CHARLES,
DukE of RICHMOND,.
LENNOX, and AUBIGNY,
&c. &c. .

MASTER GENERAL

OF THR

ORDNANGCE.

My Lorp Duxks,

THIS tranflation has

more than a comupon claim:ta your
Grace's patronag:éf:_;f;zgﬁ;r;,if.' to . whom

could a work, ébﬁﬁiié&ééléi)refsly for
a3 the



vi DEDICATION.
the inftru@ion of young men deftined
k to ferve in the artillery, be with fuch
pcculia.r propriety infcribed, as to your
Grace? under whofe aufpices the Royal
Milita.ry Academy has attained a pitch
of excellence, thaf promifes to the
Sovereign and nation, whofe bounty
fupports it, an ample compenfation
in the knowledge and talents of ‘the

ftudents.

The % iof yam- @acc s command
of the ordnariec has bcen diftinguifhed
" by many Falutary reforms and ufeful

regulations ;
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regulations ; and By an attention to
every thing that can tend to the ad-
vancement of the public fervice, or
the promotion of fcience: I have,
v
therefore, prefumed to dedicate this
tranflation, the employment of my
leifure hours, to your Grace; in the
hope, that it may {crve more generally

to diffufe the fuperior military know-

ledge of M. D’Antoni.

I beg leave to feize this opportu-
nity of exprefling my wifh, that the
Royal Regiment of Artillery may long

a 4 . flourifh
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flourith under your Grace’s protec-

tion, and of fubfcribing myfelf,

My Lorp. Duke,

Your GrAacr’s moft obedient

and devated humble Servamt,

"The Tranflator.

’
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TRANSLATOR’S

P RETFACE.

LITTLE apology is neceflary for giving
tothe public in an Englifh drefs, the three fol-
lowing treatifes, written originally in Italian by
M. D’Antoni; who, from hisextenfive know=
Jedge and voluminous publications, ranks high
among the military writers of the prefentage,

 The obje&t immediately propofed by the au-
thor in thefe and his other works, is the in- -
ftruction of the young officers of artillery and
engineers ; and the ftudents in the military
academies, over which he prefides. From this
circumftance and from the particular fubje& of
thefe treatifes, it may at firft fight be conceived,
‘that- their {cope is too confined to merit general
attention;_but this objeGion will inftantly vanith

3

ot . on
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on the refletion, that from the various combi-
nations and calculations, which inevitably enter
into the military f{yftems . of modern days, a
courfe of ftudy is requifite to form an officer:
and where can this {fo properly commence, as
with gun-powder? on the effe@s of which viory
or defeat effentially depend. The evolutions of
fquadrons and the manceuvres of battalions are
m themfelves neceflary parts of a military edu-
cation; they ftand in the predicament of many
other qualitics, which it is reproachful to want
and not very meritorious to poflefs : ¢ Multa
¢ funt, qua quamvis cognita non magnam mere-
¢ antur laudem, eadem tandem ignorata non leve
s¢ poffent dedecus imprimere.” Bat an officer
who looks forward to diftin&tion will go far-
ther ; not content with fuperficial knowledge,
he will trace the military fcience in its progrefs
from the moft fimple to the moft complicated
details ; examine the properties and force of
each particular agent; and thence form thofe
combinations, which adapted to circumftances
“and fituations difplay, what is juftly termed, a
knowledge of the art of war.

Confidered in this point of view, thefe can
be little doubt but that the produtions of M.
P’ Antoni may be eminently ufeful : for though
many of the obfervations may have eccurred
- . . to
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‘to fome writer or other before him; yet the
copioufnefs, and, in general, the originality of
~ the matter, together with the clearnefs of the
~ arrangement, will, it is conceived, render it
nore fatisfaltory and fit for general ufe, than
any preceding work of the kind.

It muft indeed be confefled, that in this
country, the inducement for an officer to make
a ftudy of his profeflion is not very great;
weight of intereft and length of purfe fuperfede
all neceffity for knowledge or application: few
will fubmit to the drudgery, requifite for at-
taining a maftery of the profeffion, fince fuch at«
tainment avails nothing, opens no avenue to
rank or emolument, no profpet of advance-
ment: in the law, .in the church, in other
lines of life, learning and application have fome
effe®; in the former particularly, there are
daily inftances of abilities forcing their way
through the gloom of friendlefs poverty and
ftarting into the broad fun-thine of rank and
riches: in the military line, few fuch inftances
occur.

This picture, however true, ought not to be
difpleafing ; on the contrary, it will, on reflec-
tion prove what every true-born Briton infifts
en with exultation, that the military is a very
fecondary order in the clafs of fociety. Every
: ‘ thing
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thing in the courfe of time finds its level:
had the fituation of this country rendered 1ts
exiftence infeparably connefted with a nume-
rous army ; or had an extenfive frontier, expofed
to the invafion of powerful neighbours, made a
chain of fortrefles requifite for its protc&ion ;
the neceffity of cultivating the military fcience
would have been felt : confequence would have
attended the officer, coufidered both in his po-
Jitical capacity with refpe to the ftate, and in
his individual capacity as to his fuperior en-
dowment, and he would naturally have rifen to
the higheft level in fociety. But the peculiar
felicity of our infular fituation, having in a
great meafure fuperfeded the neceffity of main-
wining thefearmies and fortrefles, we are fallen
by a gradation natural to human nature, into
the oppofite extreme : an extenfive line of fea-
coaft left totally to the protection of the navy;
invaluable depofits of naval {tores either wholly
uncovered, or expofed to be deftroyed by a few
hundreds of the enemy ; and not a fingle fortrefs,
where the young men defigned for the army,
may fce the operations of attack and defence,
and exemplify the leffons they may have re-
ceived at their feveral academies or {chools.

It may be urged that officers cannot be formed
in time of peace, that all the theory in the

" world
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world is incompetentto this end : the fallacy of
this argument, however fpecious it may at firft
fight appear, is eafily expofed. During the
gloom of the middle ages, when the fun of
fcience underwent ‘a total eclipfe, and the arts,
by which the Grecians and Romauns had con-
quered the world, funk with all other {pecies of
knowledge into one common grave; while-
armies, in the ignorant {pirit of the feudal fyf-
tem, were compofed of peafantry drawn toge-
ther on the emergency, badly armed, and worfe
difciplined ; there feemed little more requifite
to dire¢t their endeavours for the fudden and
fhort- lived occafion, than bravery in the officers.
But the neceflity of {cience was foon felt : before
mathematics were applied to the purpofes of
war, before fyftems of taltics were formed ;
there was a certain combination of circume
ftances founded on calculation and previous ar-
rangement, which every officer commanding a.
body of troops found cffentially neceflary to en-
fure fuccefs.

Since the invention of gun-powder and the
introduction of fire-arms, what was formerly
the effett of mufcular ftrength, is now the
refult of folid principles, deduced from theory

and confirmed by experiment. Hence, war as
" a fcience, is grounded on certain immutable

axioms }
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axioms; a knowledge of which, joined to habits
of refle&tion and an acquaintance with the beft
military writers, will go far towards forming
an excellent officer.
. Not that experience is to be undervalued, ot
the merit of thofe depreciated, who by dint of
obfervation have in time acquired a very large
fhare of practical knowledge, to their own ho-
nour and the advantage of the fervice; and it
muft be confeft, that prattice unaided by theory
will in many cafes effe& more, than theory
without praitice can do: yet while we admit
that experience is our fureft guide, it muft be
granted at the fame time, that to make judi-
cious obfervations and accurite experiments; to
draw juft inferences; not to confound the effetts
of one caufe with thofe of another, and to apply
our obfervation and experience to the beft put-
pofes; is not a very fimple or common thing.
Happily for mankind, wars are neither fo fre-
quent or of fufficient duration for an officer to be
formed by praétice alone: the commentator on
Polybius, whofe voluminous work is ‘fraught
with excellent maxims and juft remarks, afferts
that ¢ the Coup d"Oil” that talent by which
a general feizes at once all the advantages pre-
fented by a country and improves them to the
utmoft, may be acquired in time of peace by con-
tinually
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tinually obferving the varieties of ground offered
to the view, and for this purpofe particularly
recommends the ¢¢ chafe.” Now if this branch
of the military art, which perhaps more than
any other is the teft of genius, can be obtained
during peace, how much more muft the fub.
ordinate parts be within our reach?

It would exceed the bounds of a preface to
purfue this idea and point out the plan of edu«
cation beft adopted to our natural and political
.circumftances: the difcuflion of the queftion,
why this ifland fo fertile in men of genius in
all other branches of {cience, has produced fo
very few men of firft rate talents in the military
line ; and why we have had few or no wri-
ters of real, original merit on the fame fubjeét,
would be naturally involved in the enquiry ?
let it therefore be difmifled for the prefent, with
a hope that the preceding remarks will not be
deemed altogether impertinent in the preface to
a didaétic work.

The feletion of the three following treatifes
has been made from the reft of M. D’Antoni’s
works, in the defire of diffufing the knowledge
contained in them among military men in ges
neral ; but more particularly among the officers
of artillery : for it muft be the with of every
man, that a corps fo eminently ufeful as the royal

artillery ;

[
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artillery ; that has obtained the feal of their good
condu&t in the approbation beftowed on their
fervices, by the men that Britain has chofen

to command her armies for feveral wars paft,

thould ftill retain their right to the applaufe of
the difcerning partof their profeflion and to the
gratitude of their country. ‘The fentiments of
an artillery-officer, grounded as he fhould be in

the feveral parts of military fcience, are in

every fervice held in high eftimation; a flatter-

ing diftin&ion, the right.¢o which can only be
preferved by fuperiority of knowledge. In this

refpe&, the very high ftate of improvement

that the royal academy at Woolwich has at-

tained, and the numberlefs good regulations that

have been made within thefe few years paft,
prefent a moft pleafing profpedt.

After the recent publications on artillery by
Doftor Hutton, wherein he has by a feries of
the moft accurate experiments, eftablithed cer-
tain principles and deduions, as abfolute data
in gunnery; a tranflation of the treatife on
gun-powder might by many be deemed f{uper-
fluous; particularly, as it militates againft
fome of the conclufions drawn by the learned
profeffor at Woolwich: but whoever refleCts
for a moment, on the various opinions that
have for along time prevailed among pratiti

oners,
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~oners, on. the theory of powder and its altion
on projeftiles, will be pleafed to find the opi-
nions of celebrated men brought forward to
public view; that the points cn which they
agree may be laid down as fixed axioms, and
thofe wherein they differ more fully difcuffed.
Dr. Hutton, for inftance, afferts that no ftrefs
whatever is to be laid on the wadding of guns,
with refpe&t to increafing the force of the
charge : D’Antoni affirms the contrary, and in
this he is fupported by Colonel Thompfon,
‘who has favoured the world with feveral
ingenious papers on gunnery. ‘Truth can only
be attained by experiment ; and to reafon from
effects to caufes is the only mode for beings ac-
quainted with nothing but effe@s : without this,
caufes can only be conje&tured at; and the
different ideas that have at various times pre-
vailed on the fubjet of artillery, is a convinc-
ing proof of the grofs error to which conjeture
is liable.

Without entering into the hiftory of the fci-
ence, it will fuffice to oblerve, that before Ro-
bins, who was in gunnery what the immortal
Newton ‘was in philofophy, the founder of a
new fyftem deduced from experiment and na-
ture, the fervice of artillery was mere matter
of chance, founded on no principles, or at

b beft,
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beft, but erroneous ones. All the nations of
Europe have joined in commendation of Mr.
Robins, and adopted his axioms: yet much re-
mained to be done; and it was left for the abi-
lities and profound feientific knowledge of Dr.
Hutton, by profecuting his difcoveries on a
larger fcale, to confirm his conclufions.

The military reader will not be difpleafed
with an account of the produttions of M.
D’Antoni and a fhort fketch of their eontents:
being compofed in a language that is not in
general techuically underftood in this country,
they are lefs known than their merit entitles
them to be.

M. D’Auntont’s works confift of thirteen vo-
lumes in 8vo. the firft in point of publication
was the treatife or examination of powder: the
author, confidering fire as the bafis of all expe-
riments upon gun-powder, gives in the firft
part of this treatife a defimtion of it; and then
inveftigates its effets on bodies, pointing
out the feveral modifications it is liable to: he
afterwards proceeds to analyze fulphur, char-
coal and faltpetre; the properties of which he
confiders individually and then colleftively, as
in the manufatture of gun-powder, of which
he defcribes the various forts. He then lays
down a theory of the inflammation of powder,

and
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and deduces a number of inferences praflically
ufeful and in geueral coinciding with the re-
{ults of experiments made in this country. In
the fecond part, after expatiating upon the dif-
fculty of meafuring the force of fired gun-
powder, even when the utmoft care and precau-
tion are taken to guard againft error and irregu-
larity ; and thence inferring the impracticabiiity
of doing it to an abfolute certainty in miliriry
operations, where a thoufand circumflonces
concur to baffle the attempt : he afferts the abs
furdity of laying down any rule as regular anl
conftant; fince the utmoft that can be obtained
is an approximation, fufficient with a tolcrable
fhare of intelligence and accuracy for all con-
mon purpofes. To thisend, he firlt confiders
the force of powder in its moft fimple, and af-
terwards in its moft complex ftate: then having
dwelt on its modifications when fired in guns,
he paffes to an inveltigation of the initial velo-
city of projeétiles, of the law of their impulfion,
and terminates the treatife with experiments
on the refiftance of the air,

Having in the former treatife, examined the
nature and compofition of gun-powder, and
analyzed it’s properties, the author in the {econd
work, entitled a Treatife on Fire-arms, applies
thefe principles to practice : but in order to

bz carry
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carry method and perfpicuity into every part
of his fubjelt, he takes up the matter ab initio;
and 1n the firlt piace treats. of the refiftance of |
fire-arms : in the courfe of which, he examines
- the hardnefs and tenacity of the metals employed
in their conftru&tion, giving at the fame time
the method of refining and fufing them, with
remarks on the feveral proportions in which
they are to be mixcd together.  Then, having.
made fome obfervations on the windage, figure, -
length, and cafting of brafs.guns and mortars, he
points out the inconvenie::ces arifing from what
1s called ¢ the running at the vent,” and con-
cludes with the feveral methods of proving and
examining new guns. The fecond part of this .
work is entitled ¢ On Projeétiles ;™ he explains
the duty of an artillery-officer, both on battery
and in the field, as far as regards the initial velo-
city of fhot, the path of the fhot’s flight, and
its effets upon werks ; and calsulates the num-
ber of men, that may be killed or wounded in
adtion, both by round or cafe-thot fired from
guns of different calibres at various pofitions of
the enemy. He draws a comparifon between
the effets of the howitzers and field pieces,
and finithes with a chapter on fhells projected
from mortars.
The various properties of | owd.r being thus
afcertained,



_ PREFACE. = Xxi
afcértained, - and its application to fire-arms
fully confidered; the author as a neceflary con-
‘{equent, treats in the third work, ¢¢ Of the Ser-
¢¢ vice of Artillery in the Time of War,” begin-
ing with the attack of places; in the courfe of
which he developes, the firft difpofitions for
laying fiege to a fortified town, wherein are
comprehended the proportion of guns and ftores
for the attack of fortrefles; the precautions ne-
~ ceffary to to be taken for enfuring the fafety of
the convoys; the fituation of the park; the
conftruéion of the firft, fecond and third bat-
teries ; the attack of the countermines and the
furrender of the place: diftinguithing the feve-
ral kinds of fieges, and giving dire@ions for
difmantling and blowing up the works of a re-
duced fortrefs. The fecond part includes the
whole {cience of defence; the author is parti-
cularly diffufe on the fubjet of mining, and lays
down rules for the defence of a place conftru&ted
on a {yftem of demolition. The third part treats
of the field fervice of artillery: to convey to
artillery officers an adequate idea of this eflential
branch of their profeflion, he enters into the
formation of an army, and the {y{tem of tac-
ties, and lays down difpofitions for the march
and encampments of armies, and for parking
the artillery : in the next place, he gives the

b3 method



xxii THE TRANSLATOR'S _
method of difpofing the artillery in the day of
a&tion; and its ufe in the defence and attack
of field-works, together with the principles of
their conftru&tion; whether for covering a
country or intrenching an army: and con-
cludes with the duties to be performed in can-
tonments and winter quarters. Although thefe
three treatifes did not immediately follow each
other in point of time, yet as they are in a
manner conneted together and form the fub-
je&t' of the following work, it was deemed ex-
pedient to clafs them together.

The firlt book of military architeGture is
prefaced with a general idea of fortification and
of the art of war, with a {uccin& account of
the writers on thofe fubjets. The fituations
proper for regular fortifications are pointed out,
wi&h rules and dire&tions for the conftrution
of the body of the place, and out-works of
every denomination.

This firft book containing as it were, the cle-
ments of fortification, which is confidered un-
der three heads, viz. the ancient, the primitive
modern, and the prefent {yftem, 1s followed in
natural order by the fecond volume, compre-
hending the attack and defence of regular for-
tifications.

Tiie third comprehends the maxims and

principles
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principles of fortification ; with remarks on
the various fyftems that have been hitherto
publithed, and direCtions for difpofing the
mines in a regular fortrefs.

The fourth includes the whole {yftem of irre-
gular fortification. _

The fifth treats of the materials ufed in the
conftru$tion of works, with dire&ions for afcer-
taining their feveral qualities; and concludes
with a chapter on hydraulics, and on works
that are to be occafionally made in water,

The fixth comprizes irregular attack and de-
fence, and the fyftems of ficld fortification.

In the two volumes on natural philofophy and
mechanics, ftiled ¢ Phyfico-mechanical Infti-
$¢ tutious,” the author treats of the varous
branches of thofe fciences which he efteems
indifpentably neceffary for an artillery officer to
be acquainted with, and enlarges on chemiftry
and metallurgy, which are brought into practice
in the analyfis of powder and the treatife on
fire-arms,

The praltice of artillery in time of peace,
contains rules for examining and proving guns,
fhot, fhells and powder; with the dimenfions
of pieces of ordnance, and of the carriages ufed
in the fervice of artillery; the conftrution of
the furnaces and moulds for cafting cannon, and

b4 the
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the duties of the laboratory and arfenal are ex-
plained. - A

In the eflay ¢ On the Management of Guns,
&c.” are comprehended. direftions for ufing
the feveral machines, as the gin, capftan, &c.
and difpofitions for pofting the men numerically
to the feveral duties.

This is a f{light fketch of the contents of
thefe volumes, which altogether form a com-
plete {yftem of artillery and engineering; and
perhaps, in a future day, fome individual whofe
leifure permits may favour the public with a
tranflation of them: well would the editor of
this work deem his labours requited, fhould his
example excite others of the corps to purfue the
fame route; a route, not ftrewed, ’tis true,
with many flowers, nor leading either to the
temple of fortune or of fame, yet abounding
with objects fufficient to afford matter of obfer-
vation and refletion to a contemplative mind.

It will be a fource of fatisfation to profef-
fional men to obferve, that the fame ideas and
modes of prattice prevail among men of genius in
different countries. M. D’Antoni, for inftance,
makes frequent applications to chemiftry, and
recommends it in common with other branches
of natural philofophy ; a courfe of chemical
lectures 1s eftablithed at Woolwich by the

l mafter-
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" mafter-general of the ordnance: Whoafter this’
cencurring teftimony can doubt, that chemiftry
entcrs into the education of the complete officer 2
A former mafter-general laid a foundation for
theoretical and praétical knowledge by found-
g the royal military repofitory; where the
inventions of ingenious men of all nations in
the military art may be colleCted together
and difplayed both in models and books : M.
D’Antoni refers his reader frequently to the’
models in the royal {chools; as to aplace, whence
he may draw from aual obfervation the moft-
accurate knowledge with refpe&t to the con~
ftrution and mechanifm of military machines.

The repofitory in both countries has been
equally produtive of a further good: in Turin,
it has led to the compilation of a kind of ma-
nual of artillery in the two books entitled ¢¢ the
* Praltice of Artillery and the Effay on the
¢ Management of Guns, &c.”: with us, weare
indebted to the exertions and abilities of Major
Congreve for the eftablithment of a plan of ex~
ercife, and a f{yftem of pra@ical knowledge.

It would be tedious to dwell on all the points
wherein thefe two {yftems agree; the artillerift
who has made himfelf mafter of the principles
eftablithed at Woolwich, will on a perufal of M.
D'Auntoni’s works find them fully confirmed at

| Turin,
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Turin. Similar inftitutions at the fame time
and at different places prove their own pro-
priety and utility : one man or fet of men may
err; men of liberal minds and comprehenfion
of intelle& in different countries thinking alike,
can hardly think wrong.

It would be a pleafing theme to a man, who
regards with any enthufia{in the future profpets
of the corps of artillery, in refpeé to know-
ledge and emancipation from prejudice, to
dwell on the feveral-ufeful and falutary regula-
tions that have within thefe few years paft been
adopted : but, the enumeration which would
gratify zeal, would be irkfome to indifference.
One inftitution, indeed, from its general good
to the country merits particular attention. If
Britain ranks high in the fcale of nations, the
is indebted for that pre-eminence to her mari-
time force; the fecond point in that force, is her
naval ordnance: the eftablithment, therefore,
of the office of intpetor of artillery became a
very important confideration; the number of
guns defective in cflential principles was become
a matter of ferious alarm; the artifices of con-
trattors and the ignorance of founders made it ne-
ceflary, that officers of knowledge and refpeéta-
bility fhould be appointed to the fuperintendance
of that department: the inflitution took place

under
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under the dire&tion of Major Bloomfield, and the
good effeéts refulting from it are too recent to
need recapitulation.

There are fome points in whlchM D’Antont
differs widely from the commonly received
opinions : in his proportion of ordnance and
flores for the attack and defence of places,
he omits howitzers and includes a large pro-
portion of mortars. It is doubtlefs an objet,
highly worthy the attention of profeffional
men to inveftigate, how far mortars can in
moft cafes fupply the place of howitzers. The
abfurd idea of fixing them in their beds at a
certain elevation is at length, to the credit of
the prefent day, in a fair way of being explo-
ded : the adoption of Captain Lawfon’s mode
of elevation, which feems at once to unitg'
ftrength and fimplicity, the two leading fea~
tures in military mechanics, will go far toward
the completion of this obje&. The field-how-
itzer, notwithftanding the apparent fairnefs of
M. D’Antont’s comparifon, will ftill maintain
its ground : it is true as he aflerts, that the
moral effets of howitzer-fhells cannot be cal-
culated ; yet, fuch is the conftitution of human
nature, that though we cannot afcertain to
mathematical precifion the force of terror, we
are neverthele{s certain that it works wonderful

effeéts
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effe&ts on the moft ftupid as well ason the moft
enlightened minds. His general condemnation
of light, fhort guns is deduced from the faireft
~of all principles: the only true critcrion to
judge of the efficacy of field artillery, is their
relative effects when compared with mufquets;
- whenever the fire of artillery can only produce
an effet a little greater than a few files of muf-
queteers can, no man who confiders impartially
the advantages and difadvantages attending the
wife of each fire-arm will hefitate to declare,
that the artillery fhould be difufed. In faying
this, there is no reafon to dread that artil-
lery will lofe any of its credit; profeflional
men will ever know how to eftimate its confe-
quence ; it is only by bringing forward guns,
that cannot produce the effeét expeted from
them, that the fervice of artillery can be
brought into difrepute. The infantry form
the foul of an army; it is to fupport and
ftrengthen their difpofition, that guns are
brought into the field. Each arm has its par-
ticular attribute : to theinfantry, belong folidity
and firmnefs; to the cavalry, velocity and weight
of charge; -and to the artillery, length of range
and irrefiftible force. As well would a {qua-
dron of cavalry, whofe utmoft velocity could
not exceed the quick march of infantry, anfwes
the
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the purpofe of cavalry ; as a gun, whofe range
with certainty would not much exceed the
range of ‘a mufquet, an{wer the purpofe of ar-
tillery. The reveries of fpeculatifts, or the
crude, ill-digefted produtions of mere practi-
tioners are equally to be rejeCted. The per~ -
fe@ion of artillery is to unite folidity with
lightnefs, fimplicity with ftrength, and to add
length of range to certainty of execution: wha=
ever does the moft toward attaining thefe ob-
je&ts, is beft intitled to . the gratit‘udé of his
coyntry. R ' X

There are a few terms ufed in the courfe of
this tranflation that may require a fhort expla= .
nation. A fyflem of demolition implies a {yftem .
of fortification, where the works are conne&ed.
together by arches thrown over ditches, or in.
any fimilar manner; and where the exterior
work may be demolithed or taken pofleffion of
by the enemy, and the communication de-
ftroyed, without the interior work being in the.
lealt degree expofed or weakened. In fhort,
it is an umproved mode of making intrench-
ments in the baftion and ravelin and behind the
curtain: its invention is attributed to Bufta of
Milan, who wrote in the beginning of the laft
century. )

. In treating of mines, the word provgfional has
been
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been adopted; fince thofe works which the
author terms branches of precaution, are not
only intended as /jffemers, but to be alfo occa-
fionally converted into galleries and chambers :
they differ from the permanent works in not
being made before the fiege, whereas the per-
manent ones arc conftruted previous to it.
All foreign words have been as much as poffi-
ble reje&ted: why our language fo rich in
other refpe@s fhould be fo poor in military
terms, it is difficult to account for; unlefs it
be from the abfurd vanity of fhewing a know-
ledge of foreign languages. Surely there is fuffi-
cient ftrength.and copioufnefs in the Englifh lan-
guage to exprefs our ideas; nor have we thewn
any backwardnefs in adoping new terms whern
neceflary ; yet we ought to be careful of ¢ na-
¢ turalizing ufelefs foreigners to the injury of
® the natives ;> and rather form a word from
our own ftock than admit needlefs circumlocu-
tion or foreign idiom. Dr. Johufon left muchi
to be done with refpet to technical terms; but
it is to be hoped that the Oxford Lexicographer
will amply fupply this deficiency; and not
leave the military language a prey to every petty
innovator. A ftandard of terms tfhould be
fettled : this can only be done under the autho-
rity of fome judicious compiler, who may

ftamp
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ftamp a lawful currency on fterling words,
and profcribe thofe that are unneceflary or im-
proper.

It cannot efcape the intelligent reader, that
M. D’Antoni has adapted his dire&ions for the
condué of officers, to the meridian of his own
country : Turin has the Alps on one hand and
the plainsof Lombardy on the other; the greater
part of the wars in which the Piedmontefe have
been engaged, have been in the Alps, the fron-
tier towards France and Savoy; and fome of
their ftrongeft fortrefles are exprefsly for the
defence of the pafles of the mountains: this
will account for the frequent introduion of
remarks on mountainous fituations.

A comparifon between the Englith and Sar-
dinian artillery will prove that there are many
points wherein our fervice is better arranged,
and many inftances where we have the advan-
tage of them in refpe&t to mechanifm and the
making up of flores : but this will detract no-
thing from the goodnefs of the general prin«
ciples, nor invalidate in the {malleft degree the
juftnefs of the author’s obfervations.” The dif-
ference of the two fervices in one refpect is
particularly ftriking: with us, the engineers
are accuftomed to conftru@ the batteries, the
artillery officer having little more to do than

prepare
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prepare the ftores and fight the guns: in the
Sardinian, and indeed, in moft other fervices
on the continent, the artillery officer plans she
batteries i conjunction with the engineer, and
conftru&ts them himfelf: how far this method
'may be advantageous, it would be forcign to
the prefent purpofe to difcufs.  Should it appcar
that M. D’Antoni brings the artillery officer
too much to the fure ground of the picture, it
ought to be recolleCted, that he profefles to
-fegard artillery only, as one of the principal
conditions in the conftitution of an army ; and
perhaps fome little allowance may be made for
prediletion to a favorite fervice.

The tranflator had at one time an intention
of fubjoining by way of note, remarks on the
feveral conclufions drawn by the author in the
courfeof this work ; and comparing them with
the received opinions of the Englith and French
artillerifts, and with the difcoveries and im-
provements made in the feveral branches of
fcience on which he treats: but befide, that an
ample difcuffion of thefe feveral points would
have fwelled into a voluminous commentary,
it might have involved him in controverfies in
which neither his time nor his inclination pera
mitted him to engage.

A fecond plan was merely to give {uch re-

marks
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marks as neceflarily grew out of the fubje& :
but this was abandoned, as imperfett; and the
reader is left entirely to the fuggeftions of
his own mind, with refpe& to the merits or

demerits of the work,  The tranflator has only .

taken advantage of the different genius of the
language, to condenfe as much as poffible, what
he conceived to be, the meaning of the origi-
nal; and has left the mathematical and alge-
braical parts exactly as they- flood, with the
imple alteration of the weights and meafures.
To have thewn by notes, as was intended, the
conftru&ion of the theorems would have been
an operation of great length; the mathematical
reader is therefore referred to the Phyfico Me-
chanical Inftitutions.  All the weights and
nveafures are reduced to the Englith ftandard:
this, though a work of much labour, was
deemed neceflary; and indeed without it, a
tranflation would be very defeGtive. The fame
denomination is left to the guns to diftinguifh
their feveral natures, as in the original; it
being found that they carrefponded to natures
unufed among us and to fra&tional parts: it
was therefore apprehended that the moft fim-
ple mode was to leave them as they were; the
reader havipg only to recolle&t that the 32 pr.
correfponds to the 27 pr. Englith; the 16 pr.

£ to
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to 13%; the 8 pr. to 61; and the 4 pr. to 3%
One alteration indeed was judged neceflary in
fpeaking of guns: they are divided by M.
D’Antoni into two kinds; viz. heavy and light:
but the term light when applied to guns of that
‘length and weight appeared fo inapplicable to
our idea of light guns, that the tranflator has
‘taken the liberty of ufing the term medium guns,
being an expreflion familiar to an Englith artil-
lerift: referving the term light for thofe fhort,
light guns which M. D’Antoni propofes for
fallies, &c. ,

Some difficulty occurred in fixing the precife
proportion between the Piedmontefe and En-
glith weights and meafures. The Piedmontefe
artillerifts ufe the Lyprand foot: now the
length of the fecond-pendulum at Turin being
13 of this foot, and at London 39.% Englith
inches; the foot Lyprand of 12 inches, making
a very {mall allowance for the diffcrence of lati-
tude, is equal to 20.23457 Englith inches.
The accuracy of this proportion is confirmed
by the ratio between the diameters of the Pied-
montefe and French fhot, as laid down by M.
D’Antounl. - The French 24 pr. thot is equal,
he fays, in diameter to the Piedmontefe 32 pr.
and the French 24 pr. being knownto be equal
to the Englith 27 pr. the former proportion

‘ anfwers
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anfwers very exaltly for the diameters of the
thot. Haviug‘ thus eftablithed the relative dia+
meters of the fhot, it was eafly to determine
their weight; and thence, the proportion be-
tween the Piedmontefe and Englith pounds ;
which is as 1°00 : *82, or the Piedmontefe pound
is 130z. 2 dr. Englith. It is true, that this
differs from the common ratio eftablithed in
the tables of the weights of the feveral nations
of Europe, but agrees with Fergufon’s table
inferted in his tras; wherefore we may con-
clude that in Piedmont, as in moft other coun-
tries, there are two weights. The relative
numbers in the tables in the fecond treatife are:
unaltered, as they would ftill have borne the
fame proportion to each ather; but the ranges
and lines of defcent are exprefled in Englith
meafure. ,

In fine, the tranflator trufts that this work
will prove an ufeful addition to the foldiers
hibrary: with regard to the merit of the on-
ginal, he can only fay in fupport of his own
judgment, that it has been deemed worthy
* of tranflation into the French language by offi-
cers of high rank. The Treatife on Pow~
der was tranflated by M. le Vifcomte de Fla«
vigny: the Treatife on Fire-arms, by M. le
Marquis d¢ St. Auban, licutenant gencral in
‘ ¢ 2 the
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the French fervice; who thought the evening
of a life, during which he had made 17 cam-
paigns, had been prefent at 38 battles or fieges,
“and had ferved 46 years, well and ufefully
employed in giving to the officers of artillery,
in which corps he had acquired great reputation,
a work that he deemed excellent: the third
treatife was tranflated by M. le Chevalier de
Mont-Rozard, lieutenant colonel of artillery,
zn officer of great merit and experience. Thefe
concurring teftimonies, joined to the opinions
of fome officers in our fervice of great profef-
fional knowledge, induced the tranflator to offer
the following work to the public. He was
well aware, that In the performance, two duties
would neceffarily be exacted from him; the one
ht owed to the author, the fecond to the pub-
lic: by the former, he was bound to give the
tenie of the original with fidelity and accuracy ;
by the Iatrer with perfpicuity and concifenefs.
How far thefe objects may have been fulfilled,
is left to the public to decide : to that tribunal
he {ubmits in the confidence, that if his abilities
have by any means been equal to his zeal, the
verdid muft be in his favour.

TABLE
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"TREATISE

GUN-POWD ER.

"FIRST PART.

Or THE ProPERTIES OF GUN-POWDER,

Tbe properties and effects of Gum-powder can only be afcer-
tainad by the means of Fire : let us, therefore, in the firft
" place, examins the nature of Fire itfelf 5 according ta the
dotrine of thofe pbilofopbers, who, by the clofeft invefti-
gation of iis effeélsy have endeavoured to explore its prine
- ciples and caufes.

CHAP. 1
‘OF Fire,
l HE celebrated HermaNn Boernaave, whofe opi-

nions have been adopted by the moft eminent chemifts,
could only, after a long fer:es of experiments, difcover a
few of the properties from which fire has derived its feveral
denominations; according to the various modifications under
which it prefents itfelf to our fenfes.

1. Pure fire is called fire, folar matter, light and beat :
under this idea it is conceived to be a fubftance effentially

fluid, compofed of particles very {ubtle, and continually agi-
. A tated,
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tated, though not z2lways in the fame degree. The learned
Beccarr has proved that it exifts in all places, and in
almoft all bodies, without being able to dedide whether it
be a conftituent and effential principle. A gentle friction
of a globe of glafs in the ele@ric machine, fhews that
every thing partakes of it; apd two hard bodies rubbed
violently together gradually groew warm, and at length emit
fparks and flame according to their feveral qualities.

2. Fire, which feems to pafs from a fluid to a folid ftate,
and become a part of the body, as the inflammation of
fome bodies evidently fhews, is called combuflible matter,
ulphur, the food of fire, and phlegifion.

f 7 One off the {hgin& chafa&fi{ of fire, confidered as
folar matter, light, &c. (1.) is to eafily penetrate bodies,
by infinuating.ittelf into them equally, and expanding them
fo as to caufe a disjunction of the component parts when in-
troduced in quantity. But the facility with which fire effeits
this is different, according to the qualities of the bodies it
enters: there are even fome which, far from being dilated
by the a&ion of fire, are contra&ed; as wood, animal bo-
dies, &c.

4. Another charaller of firc is, to render fubftances lu-
minous, either by means of the flame which breaks from
them, or by their becoming red.

5. Fire, confidered as combuftible matter, fulphur, phlo-
gifton, &c. (2.) caules-no change in the body in which it
refides, nor does it communicate to it either light or heat,
unlefs it pafs from a quiefcent ftate to ignited motion, or
inflammation.

6. The different effects of the firft fpecics of fire may be
confidered under three heads. ' '

1. In a determined fpace.

2. As adtually exifting in a body. ,

3. With regard to the manner and law in which it
enters and expands bodies of different natures.

4. Confidering fire in a determined fpace, we find that,
as its quantity and velocity may vary, fo alfo in the fame
proportion will its attivity and efficacy be different; as may
be oblerved in burning glafles, refleing telefcopes, &c.
‘The activity and efficacy of fire can only be afcertained by
the expanfion of bodies, and the disjunction of their parts’;
but bitherto the method of meafuring exadly not only the

quamity
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quantity and velocity of fire feparately, but everi its abfolute
effefts on badies, are unknown. The point to which a
body entirely deprived of fire can be condenfed is equaily
undetermined with the firft inftant of its expanfion. The
condenfation of mercury, produced by a certain quan-
tity of fal ammoniac and fnow mixed together, is, in the
conftru&tion of thermometers; the lowelt point that we
know ; while that; from experiments made in more northern
climates, it is clear that mercury can be much more cona
denfed. In the conftruction of pyrometers, the point of the
greateft condenfation depends on the variable temperature
of the atmofphere, Thus thefe two inftruments ferve only
to fhew, by their graduation, the difference of expanfion,
according to the degree of fire that they contain or are

etrated with. B

8. The 4ctivity of fire confidered as a&ually exifting in
a body, (6. N° 2.) depends not only on the quantity and
velocity of the ignited matter, but alfo on the mafs of the
body in which it exifts. On attempting to reduce two fluids
of unequal denfity to the fame temperature, the moft denfe
requires the greateft degree of heat: thus, when the a&ivity
and degree of fire which the two bodies contain are pro-
portional to their refpeétive mafles, they are equaly hot.
On touching two bodics of unequal denfity, redueed to the
fame temperature, the moft denfe appears the hottelt; be-
caufe the hand being in contaét with a greater number of
particles in the denfer body, the fenfation excited is propors
tionally ftronger.

9. The manner and law (6. N°3.) under which firg
penetrates bodies, is modified by the degree of its aGtivity;
the time of application, and the fuperficics, quality, and mafs,
of the {urrounding bodics ; for fhould any one of thefe
circumftances vary, a different modification will refult,  Put
into the fame fire two pieces of iron of the fame quality,
but of different fizes, the finaller piece will become hot
much fooner than the larger one; and if the furface of the
larger picce be increafed by flattening 't with a hummer,
it will become hot in lefs time. ‘This diverfity of effelts
may be equally remarked on comparing a piece ui iron with
a flone, or any other body, put into the lzme firc.

Thefe obfervations on the facility with which fire inii-
nuates itlelf into bodies, are equally applizable to thie tacility
. : Az with
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with which it quits them, and diverges from its focus : for
when the quantity of fire in any body is greater than in the
atmofphere or other furrounding bodies, it quits that body,
and removes from it, fpreading itfelt equally on all fides;
its altivity diminithes in proportion to its diftance from the
body which it quitted, and its extenfion depends on its
excefs over the external fire, on the time of application,
the fuperficies, quality, and mafs, of the furrounding bo-~
dies.

10. Having thus examined the warious circumftances that
tend to modify the effets of fire, let us now confider thefe
modifications with refpe€t to the ignition and deftruction
of combuftible bodies. Whether the ignited motion excited
in a combuftible body appears under the form of flame, or
burning coal, it is always produced in two manners; eizher
by applying to the combuflible body a quantity of external fire,
or by increafing the motion of the fire that exiffs in it.

11. From the facility with which combuitible bodies take
fire, they may be ranged in two claffes. In the firft may
be placed fpirits of wine redtified, fulphur, &c. in which, by
applying fire to any one part, it is communicated to the
whole mafs, {o as to produce a total deftruction. In the
fecond clafs may be ranked coal, the greater part of vege-
tables, &c. in which fire can be propagated only by a con-
tinued application; by increafing the motion in the ignited
parts; or by placing the bodies in-fuch a manner, that the
fire, in efcaping from the burning particles, may meet almoft
inftantaneoufly thofe not yet ignited,

12. The degree of ignition varies according to the dif-
ferent qualities of the bodies themfelves; for a greater degree
of fire is requifite in proportion to the rarefaétion of the
furrounding air, or to the difficulty of removing from the
ignited body (moke or other fubftances which do nat ferve
as food to fire. In both thefe cafes, it is neceffary either
continually to apply freth fire, or to increafe the motion
of that which already exifts in the body.

13. From thefc premiles, it may be inferred, that fire
admits of infinite diverfity in its effelts, arifing not only
from the time of application, the fuperficies, quality, and
mafs, of the bodies to which it is applied, and which fur-
round it, but even from the modifications that enfue from
the quantity and velocity of the ignited matter.

14. Where-



-

OF GUN-POWDER. [1

14, Wherefore, the force of gun-powder fired in muf-
quets, cannon, mortars, mines, &c. being in proportion to
its inflammation, its effects muft inevitably be modified by
the quantity and the proportion of the ingredients, the tem-
perature of the atmofphere, and other circumftances that will
be hereafter pointed out.- And fince it is not in our power
to determine every point that affects its inflammation and
total confumption, we cannot be always certain of producing
the fame effefts with the fame quantity of powder fired from
the fame piece of ordnance.

CHAP 1L

Or Surpuur, SaALTPETRE, AND CARCOAL,

15. SULPHUR is a fubftance compofed of witriolic
acid and a combuflible matter. It is ranked in the clafs of
minerals, becaufe it is extralled from the bowels of the
earth., When expofed to a moderate degree of heat, it
liquefies, and fublimes in little tufts called flowers of ful-
phur : thus it is purified from heterogeneous fubftances by
fublimation.

16. The property of fulphur is to take fire, inflame, and
be entirely confumed, when expofed in the open air to a
fironger fire than that which will liquefy it. It is made ufe
of in the compofition of gun-powder, becaufe the ignited
motion is eafily propagated in it.

17. The facility with which fulphur takes fire and burns
depends on the rarefaltion of the furrounding air. To
burn it in an exhaufted receiver, it requires a continued ap-
plication of a much greater degree of heat than would
inflame it in the open air: the receiver thould alfo be of a
fize proportioned to the quantity of fulphur, left the cor=
denfation of the fmoke prevent its total confumption. (12.)
The only method of decompofing fulphur is by burning ;
which deftroys the cembuflible matter, and the vitriolic acid
exhales in vapour. ,

18. Charcoal, ufed in the compofition of gun-powder, is
defined to be a body compofed of a combuftible matter, and

. A

3
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of the demfe earthy particles contained in vegetables. In
making charcoal, the vegetables are burned in fuch a man-
per, that they do not inflame; and then the combuflible
matter unites itfelf intimately with the moft denfe earthy
particles. Charcoal can only be decompofed by fire; which,
at the beginning of the ignition, feparates the combuitibie
matter from the earthy particles; which are then termed
&inders.

, 19. When charcoal is expofed in the open air to a fuffi-
cient degree of fire, its property is to burn and be con-
fumcd. It fometimes emits a little blue flame; but more
frequently fparkles, and becomes red, without emitting any
flame. If, in this ftate, it be agitated by the wind, it
appears of a more lively and brilliant red in proportion to
the force of the wind, and is fooner reduced to cinders.
From this property it enters into the compofition of gun-
powder.

20. Generally fpeaking, charcoal appears red only when a
5rcater degree of fire is applied to it than will burn fulphur:
the propagation of the ignitcd motion, and its total con-
fumption, are effeCted more flowly than in fulphur, Thele
effects differ according to the quality of the charcoal: that
which is the lighteft, or which contains leaft of the denfe
earthy particles, takes fire and is confumed the quickeft.

" 21. The more the air is rarefied, (12.) the more diffi-
cultly charcoal burns, and the greater degree of fire is
requifite to keep it red-hot.

22. Saltpetre is formed from a combination of the nitrous
acid with a fixed alkali. It is extralted principally from
animal and vegetable fubftances, found in a putrefcent flate,
mixed with (tones, earths, and plaifters ; and is feparated
from them by bailing them in a water impregnated with
a fixed alkali. The falt chryftalizes in long filaments, lying
the one upon the other. This is the only method of puri-
fving it ; and muft be repeated two or three times, accord-
ing to the quantity of the heterogencous matters. When,
by this procefs, the faltpetre has been well punfied, it has
always the fame properties, from whatfoever fubftances it
may have been extraéted.

23. Its properties are, to diffolve in water, more fully in
boiling than in cold water; and to liquefy, by a greater
degree of heat than is required to liquefy fulphur. If the

-heat be increafed while the faltpetre is in fufion, it {ublimes
; n
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in vifible particles; which, collefting together on the upper
part of the veflel, are called flowers of mitre. To feparate
the acid from the alkali, witheut putting the faltpetre in
conta& with a combuftible body, it is neceflary to expofe it
a long time to a very ftrong fire; and even then the decom-
pofition is brought about very flowly.

24. If a combuftible body, containing a fufficient degree
of heat, touch faltpetre, a very fierce flame is excited at the
point of contadt, accompanied with detonation and a wind,
which increafes the activity of the fire. In this operation
the acid is feparated from the alkali, and diffipated. The
combuftible body is inftantly confumed, and the alkaline
refiduum is termed decompofed or fixed nitre.

25. This decompofition of faltpetre takes place equally in
the open air and in vacuo; provided that, in vacuo, the
action of the fire be fufficient to keep the combuftible body
(12.) in a ftate of ignition.

26. Saltpetre may be decomipofed by fire i two ways.

1. By coming in contaé with an ignited combuftible
body when in a (olid ttate.

2. Or by communicating, when in fufion, the ignited
motion to a combuftible body in contadt with it.

27. In the firft cafe, by applying burning charcoal, the
decompofition begins and continues till the faltpetre or the
charcoal be entirely confumed. To effet the deftruGion of
both at the fame time, the quantity of charcoal muft bé pro-
portioned to the quantity pf faltpetre. “The better the fub-
flances are mixed togethdr, the more immediate will be the
contaét between the feveral parts, and the {ooner will both
be confumed. S

28. Burning fulphur not being able of itfelf to decompofe
faltpetre, charcoal is added to it. Now charcoal of every
kind burns when expofed a fufficient time to the attion of
burning fulphur; yet this takes place fooner or later in pro-
portion to the dehfity g€ the charcoal, or to the quantity of
denfe ecarthy particles ; wherefose, that the fire produced
from the fulphur may be (yffjcjent to burn all the charcoal,
the quantity of each mult be exaéily proportioned, and at-
tention paid, at the farhe time, to the quality of the charcoal.

When this proportion is determined, a quantity of falt-
petre added, and the three fubflances well ground toge-
ther, in order to render the inflammation mere inftanta-
ncous, even then the effects vary; for if the faltpetre be

Ag ' in
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in too great a quantity, the combuftible particles being -
too far feparated, the fire applied to one part will not be ables

to fpread to the others; or the combuftible particles, being

in too fmall a quantity, will be confumed long before the

faltpetre.  If, on the contrary, the falipetre be in too fmail

a quantity, it will be confumed before the other two ingre-

dients: wherefore, that the deftruction of the three may

begin and end at the fame time, they muft be mixed in a

jult proportion. As foon as the faltpetre begins to be de-

compofed, the wind (24.) generated from it, renders the

heat of the charcoal more intenfe, increafes the activity of
‘the fire, and accelerates the total deftrution of the whole,

(7) )

729. This decompofition of faltpetre, by the application of
charcoal and fulphur, is fimilar to the procefs that takes
place when powder is burned in the open air, or in- fire-
arms.

30. It requires a greater degree of heat to decompofe
faltpetre in the fecond manner (26, N° 2.) than in the
firft,

Fi1c.1. ‘To the plate A B of the pneumatic machine,
fix a thin thimble C, of beaten brafs, with the con-
vexity downward ; put into it a2 mixture of faltpetre,
fulphur, apd charcoal; and apply a red-hot iron con-
cave in D, fo that it may exactly admit the convexity
of the thimble: in a fhortvime the mixture will ex-
plode, and be entirely confittied. Put again into the.
thimble an equal quantity df the fume mixture, and
place above the plate a glafs receiver, from which pump
out fome of the air, then*the red-hot iron being applied
as before, the explofion -Will not fo foon take place.
If the air be entirely exhisfted, the decompofition of
the faltpetre will-be begin ¢8l“both it and the fulphur
are liquefied, atft fill into ebwllition.

el -
31. To burn powder i vacno, the fecond method muft
be ufed; for.it will not explade before it be reduced to a
ftate of liquefaltion, and an ebullition enfues.
- 32. On decompofing faltpetre in either of thefe methods,
if the veffel be fuffered to cool, and a fmall aperture be
opened, an air will be inftantly perceived to rufth out, with
. a force proportioned to the quantity of faltpetre ufed in the
experiment.
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experiment. This air proceeds from an elaftic fluid gene-
rated at the decompofition of the nitre, and is eflentially
different from the fmoke which, after a little time, fixes upon
the infide of the veflel, and produces no effet, On the con-
trary, the elaftic fluid proves its force and effefts after a
confiderable interval of time ; whence may be inferred, that
it is a fpermarmxt fluid, and in it confifts almoft the whole
force of gunpowder. It may be further obferved, that this
force is always increafed by heat,

3. When the experiment is made in the firft method,
(26. N° 1.) inaclofe veflel, with a quantity of fulphur and
charcoal fufficient to decompofe the nitre, if the veflel be too
fmall, or a confiderable time be requifite to effet the decom-
pofition, on account of the want of fufficient proximity in-
the nitrous and combuflible particles, the redundancy of the
fmoke inclofed in the veflel will retard the operation, the
combuftible bndy will lofe its heat, and recourfe muft be
had to the fecond method of continually applying frefh fire.

34. The following experiment provks that the permanent
elaflic fluid proceeds from the faltpetre alone. Let a quan~
tity of fulphur and charcoal be burned in a clofe veflel, the
veflel be fuffered to cool, and a hole be opened, no wind will
be perceived to iffue : from this and other experiments, it is
clear that no permanent fluid is produced by burning toge-
ther thefe twa combuftible bodies. The {fmoke, neverthelefs,
is elaftic when hot; but fo foon as it is deprived of heat,
it not only entirely lofes its elafticity, but even abforbs a por-
tion of the common air, and a part of the permanent elattic
fluid generated from the nitre, whenever this fluid mixes
with the fmoke; as will be thewn hereafter.

35. From thefe experiments, and others that might be
made on the fame fubje&, the following properties™ may be
deduced—

1. A certain degree of heat is requifite to fet fire to the
combuftible bodies, and decompofe the nitre.

2. The degree of heat muft be increaled in propor«
tion to the rarefattion of the furrounding air, or to the
denfity of the fmoke.

3. The decompofition of the nitre being always
progreflive, the more intimate the mixture, and the
jufter the proportion of the combuftible ingredients,
the fooner will it be effeted,

4 In
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4. In the decompofition of faltpetre, an elaftic fiuid
‘i;_ generated, which is permanent for a confiderable fpace
ume.

CHAP IIL

Or GuN-POWDER.

36. GU N-POWDER is compofed of very light chars
eoal, fulphur, and well-refined faltpetre. Thefe materials are
put into a woeden trough, where they are ground together,
to render the contact of the nitrous and combuftible particles
Jatimate and equal throughout the whole mafs. The mix-
ture is occaﬁonal:y fprinkled with water, to form an amal«
gam, which is afterwards granulated, and prevent the finer
particles of the fulphur and charcoal from flying off, which
would neceflarily alter the proportion of the compofition.
“The powder-makers employ more or lefs time in the ope-
ration of grinding, in proportion to the quantity of faltpetres
When they conceive that the ingredients are properly mixed
together, they form from the palte thofe little grains which,
being dried, obtain the name of gunpowder.

37. There feems to be nothing in the fabric of gun.
powder that can aler any of the properties of the conftituent
parts, taken either individually or collectively. (35.) The
neceffity of having a combuftible body capable of producing
the total and inftantaneous decompofition of the nitre, makes
fulphur and charcoal requifite ingredients: falphur, becaufe
it eafily takes fire, and propagates the inflammation, though
the heat it produces is not fufficient to decompofe the nitre:
charcoal, becaufe its inflammation, as well as the propas
gation of fire into all its parts, being {lower, it acquires, when
it becomes red-hot, a fironger degree of heat than the fulphur,
and is therefore more capable of producing the entire decoma=
- pofition of the nitre. Therefore, from their combination
with a praper proportion of nitre, the moft inftantaneous
explofion may be expelted; but if the quantity of nitre be
too great, the fire communicating to the combuftible par-
ticles with fo much the more difficuity as the excefs is the
greater, may produce no effelts.

If to a compofition of r4 parts of faltpetre, 1 of fulphur,
and 3 of charcoal, a burning coal be applicd, thofe ;::its

¥
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only of the mixture in conta& with the coal will burn, the
flame not being able to communicate itfelf to the other parts.
If, on the contrary, the nitre be in too {mall a quantity, on
applying fire to one part, the flame which breaks out at its
decompofition is too weak to fpread itfelf to the others,
owing to the great diftance of the nitrous particles: the de-
ftru&ion of the whole, therefore, requires a much longer
time; and the quantity of permanent elaltic fluid, on
which depends the greateit force of the powder, is lefs; as
may be proved by burning a mixture of equal parts of ful-
phur, charcoal, and faltpetre. B
8. That proportion which will moft readily produce the
dcgru&ion of all the compofition, and yield the greateft pofifible
quantity or the permanent elaftic fluid in a given time, ought
to be found out, and will conftitute powder of the beft qua-
lity - it evidently appears, from the above experiments, to lie
between the quantities there made ufe of.
. In the firft years that fucceeded to the difcovery of
39 > ¢ ery
gun-powder in Europe, the proportion of the conftituent
parts, and the fize of the grains, varied very much ; which
gave rife to the feveral detiominations it has obtained. At
»the beginning of this century, thefe proportions and fizes
were almolt every where reduced to three; and at prefent,
throughout all Europe, only one kind is ufed for military pur-
fes. -
poAs it will be fhewn in this treatife that the properties of
powder are modified by the qualities of the ingredients and
the fize of the grains, to fave repeated delcriptions of the
different kinds of powder that may come under our invefti-
gation, we will fubjoin a general account of them, according
to the various denominations that they are commonly known
by; with this obfervation, that whatever may be advanced
concerning the modifications of one kind of powder is appli-
cable to all others.

40. Powder compofed of 5 parts of faltpetre, 1 of char-
coal, and 1 of fulphur, and granulated fo as to enter with
eafe into the vents of new mulquets, is called mufguet pow- -
der ; when the grains are three or four times larger, it is
called canncn powder. Powder compofed of 6 parts of falt-
petre, 1 of charcoal, and 1 of fulphur, the grains of which
are of the fame fize as mufquet powder, is called common war
pewder 5 and obtains the name of fine war poswder when the
grains are about half that fize, Powder made with the fame

: proportion,
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proportion, and with grains of the fame fize, as the fine war
powder, but with a lefs denfe charcoal, is ufed by fportfmen
in fhooting game. When compofed of 7 parts of faltpetre,
3 of charcoal, and 1 of fulphur, and granulated as the fine
war powder, it is called fire-wor#, or rejoicing powder.

41. We will now proceed to prove, that fired powder
preferves conflantly the properties remarked in the combi-
nation of its ingredients ; (35.) modified, neverthelefs, by

the exatnefs of the mixture, the fize of the grains, and -

other circumftances that will be pointed out.

42. All degrees of heat are not fufficient to fire powder
for if it be only fufficient to inflame fulphur, the effets before
mentioned (28, 35. N° 1.) will refult, as may be proved
by throwing feveral grains of powder near hot coals. The
burning of the graias contiguous to the coals will be fo in-
ftantancous, as not to be diftinguithable from the inflam-
mation of the fulphur; but the grains at a little diftance
from the coals will emit, after fome time, a fmall, blue,
lambent flame, which at length becomes brighter; the in-
tenfenefs of the fire increafes, and the gradual deftruion
of the faltpetre is clearly difcernible; fome of the grains
are confumed, while in others the blue flame difappears
without producing their deftrution: at length the more
diftant grains become warm, without emitting any flame,

or being confumed. This may be exemplificd by putting .

fome large grains of powder on an iron plate, which may
be put near to, or drawn back from the fire, in order to
give it different degrees of heat; or by direing upon them
the folar rays, united by means of a convex glafs, as dif-
ferent degrees of heat may be produced by augmenting ot
dimmifhing the circle formed by the re-union of the rays.

43. Thefe experiments prove that powder, like other

combuftible bodies, may become hot or inflamed, without
being in the fame inftant confumed. It is neceffary, there-
fore, to diftinguifh between the inflammation and the final
deftrution of each grain: for fire, when applied to 1wo
grains of different fizcs, does not always caufe any fenfible
difference in their deftrution; yet there is a great difference
in the force of two equal quantities of powder, made with
the fame proportion of ingredients, of the fame quality,
but differently granulated, as is feen on comparmg can-
non and mulquet powder.

44. The
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44. The following experiment will prove that the degree
of heat to fire powder fhould be greater in® proportion to
the rarefaction of the furrounding air, or to the denfity of
the fmoke. (35. N°2.)

Pratel. Fic.II. To the plate A B of the pneu-
matic machine, let a thin thimble C of beaten brafs, be
joined, with the convexitﬁ upwards. Let the iron M
exaclly fill the concavity D) ; and 2 moveable ring, F G,
be fitted round the thimble, fo that on covering the con-
vexity C with powder, part may fall on it. Then if
M, made red-hot, be introduced into D, when F C G
is covered with powder, in the open air, the powder will
inftantly explode; but if a glafs receiver be placed upon the
plate A B, and in part exhaufted, and the hot iron be ap-
plied, the explofion of the powder on C will not be fo
fudden as before, and part of that on F G will remain
unaffe@ed by the heat, in proportion to the quantity of
air left in the recciver. When the air is quite exhaufted,
the powder upon the convexity C will Liquefy before it
takes fire, after having emitted fcveral ebullitions ; then
explode at once, and cover with its flame the powder
upon F G : this will, neverthelefs, not liquefy; and a part
of it will remain upon the ring and plate, where it has been
puthed by the blaft.

45. This proves that the powder upon the ring, being in

a very rarefied medium, does not burn, though furrounded
by the flame of the fired powder. In this cafe, the fired
powder fpreading itfelf on all fides in the receiver, which
is much larger than the fpace occupied by the powder, the
grains that remain unfired are only furrounded by a part of
the flame. If the receiver were filled with powder, the fire
inclofed in a fmaller fpace would be more intenfe, but the
quantity of fired powder would be proportioned to the
rarefaltion of the atmofpheric air contained between the
grains. (F1c.IIl.) A B C is a funnel of bronze or iron,
of which the part C C is made to fcrew on to V V of a re-
ceiver of beaten copper V X Z, containing about 70 cubic
inches. The part DF of the funnel, which is to contain
the powder for the experiment, may bec diminuhed at plea-
fure, bv means of the rings G5, of exatt calibre, andvof dir-
ferent lengths, to be applied to the part F of the fpace D F,
A HIis acanal conical from A to H, and clindrical {;om
o
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H to I; fhorter than the funnel A B C by half a diameter
DD. The part KL of theiron rod K L M, fits the co-
nical part A H fo exaclly, that no air can pafs: the cylin-
drical part is a little longer than H1I. The capital N N O
of brafs, of which the aperture O O is lefs than D D, can
be faltened by the {pirals N N to B B.

Letthefpace D F be fo diminifhed by the ring G, thatthe
remaining part D P be entirely filled with the powder ufed in
the experiment; and let the powder be retained by a hog's
bladder tied faft to the thread of the ferew B B. The fun-
nel, thus.charged, is fcrewed into V V of the receiver,
placed upon the bafe X Z, which keeps the funnel perpen-
dicular. Then if the iron rod be made red-hot, and preffed
forcibly into the funnel, the point M coming below the bot-
tom of the funnel I, without touching the bladder, will
neverthele(s fet fire to the powder, and the bladder will
burft. If this experiment be made with 24 grains of can-
non powder, when the receiver is placed fo that the lower
aperture X Z fits a large tub or other veflel, no unfired
grains of powder will be found; but if the receiver be placed
upon the plate of the pneumatic machine, and the air be
half exhaufted, 5 or I of the grains will be found unfired
upon the plate after the explofion; and if the receiver be ex-
haufted, % or } of the grains will be found untouched by the
fire.

In thefe three modifications of the air in the receiver, the
funnel is always charged in the fame manner, and with the
fame quantity of powder; and the bladder tied faft in BB
entirely prevents any communication between the receiver
and the part D P of the funnel; fo that when the receiver is
exhaufted, no change takes place in the part of the funnel
that communicates with the external air by means of the
little canal A H1; and confequently, when the rod is intro-
duced into the canal, the powder inclofed in the funnel, and
the air contained between the grains, remain in the fame
ftate, whatever alteration be made in the air of the receiver
wherefore, the bladder burfting at the beginning of the in-
flammation of the powder, the air which is between the
grains in ID P, fpreads itfelf into the receiver; and in pro-
portion as it becomes more rarefied, lefs powdor is fired.
In cach of thefe three different ftates of the air in the re-
ceiver, it may be obferved, that the infides D P of the fun-i

ne
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®el are bronzed by the flame of the powder. As the pow-
det firlt takes fire in R, that which is placed above in P
cannot fall upon the plate without pafling acrofs the flame of
the buming powder in R; fo that, in this experiment, the
fire being wnclofed in a {maller fpace, is more active than
in the former one; (44.) yet all the powder is not
fired, becaufe the air, on the bladder’s burfting, is too
rarefied.

46. But to deftroy all doubt of this property of gun-powder,
Jet the funnel be charged as before, the capital N O fcrewed
on to BB, and a wad put at the aperture O to retain the
powder : then, if the bladder be tied faft in q q, and the re-
ceiver be exhaufted, the quantity of fired powder will always
be greater in proportion as the hole O is narrower ; and if it
be nearly of the fame fize as the hole I of the little canal
A HI, all the powder in DP will be confumed. In the
preceding experiment, (45.) it was found, that when the
air had been entirely exhaufted from the receiver, only § or
4 of the powder took fire, and that a great part of the flame
fpread itfelf into the receiver when the bladder burft; while
that the remaining part expanded itfelf in D P, which it
bronzed. On the contrary, in this experiment, where the
aperture O O is narrower than D D, as neither the air con-
tained between the grains, nor the flame, is able to pafs
with the fame facili% into the receiver, they remain in much
greater quantity in D P ; the fire is ther:tyore more intenfe,
and conlequently a greater quantity of powder is confumed ;
indeed all the powder will be fired when O O is reduced to
the fize of [. The fame effelts take place with all kinds of
powder, (40.) the only difference being in the quantity that
remains unfired.

47. Itisthen afcertained (44, 45, 46.) that, in order to
fire powder, the heat fhould be in proportion to the rare-
faction of the furrounding air, and that it is increafed by
preventing the expanfion ot the flame. -It remains now to
be proved, that the degree of heat muft be likewife greater in
proportion to the denfity of the (moke. .

It has fallen within the obfervation of every artillerift,
that when fhells fink into ftiff carth with the chs down-
ward, the finoke finding no paffage, the fire is extinguifthed,
and the fhell does not burft; but if they fall into water, the
fmoke mixing with the water, the fire continues till the pow-
derin the fhell explodes.  Fufes are generally filled with a
- mixture
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mixture of mealed powder, fulphur, and faltpetre. Let two -
or three fules, of the fame fize, be filled with compofition

of <different degrees of ftrength; after being fet onfire, let

them be buried in earth equally fliff, or covered in any other

manner, fo as to prevent the efcape of the fmoke; it will be

found, on taking them out after fome minutes, that the .
quantity of compofition which is confumed is in proportion
to its firength ; fince the denfity of the fmoke was the fame,
as the ground was equally folid. Hence, it is evident, that
the greater the force of the fire, the greater is the confump-

tion of the compofition. Care fhould be taken not to make
it fo firong as to burft the fufes. .

48. Having afcertained thofe two properties, it remains to
demontftrate, that when fire is applied to grains of powder,
the inflammation of the contiguous grains, and the deftruc-
tion of each individual grain, takes ‘place progreflively;

s. N° 3.) and that the velocity with which fire fpreads
itfelf on all fides to inflame the contiguous grains, is greater
than that with which it penetrates into the fubftance of each
grain. It is too obvious to need infilting on, that all mo-
tion, however rapid or fhort it may be, takes up a certain
time ; though to us, from the thortnefs of its duration, it
appears inftantaneous : confequently, the inflammation and
entire deftruction of powder produced by the action of fire,
communicating itfelf to every thihg around, like rays froma
centre, muft neceffarily take place in a determined fpace of
time; which varies according to the ftrength of the fire, the
proportion of the ingredients, the nicety of the mixture,
and the fize of the grains. '

When a fufficient degree of fire is applied to one grain of

.powder, it firlt alts upon the furface, and then penetrates

towards the centre. (43.) As the furface burns, a flame is

_excited. which catches the nearet grains; if the degree of

heat ‘be fufficient, and the furrounding air not too much
razefied, . In the mean time, the fire which attacked the firft
grain, continyes its action towards the centre till it be totally

.confymed. There are then two diftin&t aions in the in-

flamation and the total confumption of powder : the firlt is
the expaofion of te inflamed fluid; which, fpreading itfelf
from the {urface of the burning grains, furrounds the conti-
guous ones: the fecond is the penetration of the fire from the
furface of each grain towards its centre, But the flame al-
ways fpreads wilia more rapidity between the intervals of ;‘he

other
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other grains, than it penetrates towards the centre of each

n.

49. The following obfervation will prove that a deter-
mined time is requifite for the confiimption of each grain.
Make, of the common mixture, fome grains of powder as
Iarge as piftol bullets; dry, and fet fire to them: it will then
be feen that the fire penetrates from the furface to the centre,
in a longer or a fhorter fpace of time according to the fize
of the grains ; fo that if there be no difference between
thefe large grains and common ones than in fize, it may be
inferred, from analogy, that the fmalleft muft require a cer-
tain fpace of time, however thort. It is likewife clear, that
the flame, in fpreading itfelf from the burning grains to the
contiguous ones, takes up a’ certain fpace of time; as nmy
be exemplified by fetting fire to a train of powder.

§0. An experiment will prove, that the a&ion of fire is
alfo progreflive when applied to powder .confined in a
veflel ; where the burning fluid being more denfe, is alfo
more altive than when powder is burned in the open air,
(Fig. III.) To the funnel charged as before, (45.) let
the capital N O be faftened, with the aperture O of fuch
a fize, that the receiver being exhaufted, only § or ; of the -
powder contained in the funnel may take fire. Introduce the
red-hot rod, and leave it to cool ; then admit by degrees the
air into the receiver, and Joofen carefully the capital from the
funnel. If proper attention has been paid in this procefs, it
will be feen—

1. That nothing touches the point M of the rod; as
the powder being burnt all around, leaves a cavity
nearly fpherical.

2. That each of the grains which form the fides of
the cavity are burnt a little towards the concave fide; as
may be ditinguithed by the fixed nitre, and the fmooth
furtace of each grain. '

3- That the grains which are between the interior fur-
face of the funnel and thofe which form the fides of the
cavity, are whitened by the flame of the fulphur, and
that the fides of the funnel are bronzed.

It is then proved, that the fire both fpreads itfelf between
the intervals of the other grains, and penctrates from the
furface to the centre of each grain progreffively.

s1. But it is not fufficient to have proved that the burn-
ing of each grain, and the inflammation of the contiguous

ones, arc progreflive ; it is neceffary further to thew, that the
B altivity
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aQivity with which firc fpreads itfelf between the interftices
of the grains, is greater than that with which it penetrates
from the furface toward the centre of each grain.  If we con-
fider ‘that the inflamed fluid, in paffing between the grains,
meets no other refitance than the common air, which is
eafily penetrated, by reafon of its rarefaction ; and that the
fire, in infinuating itfelf from the furface toward the centre
of the grain, muft pafs through a fubftance much more
denfe ; it is evident, that the refiftance in the fecond cafe
being greater than in the firft, the fire muft confequently be
flower in its progrefs.

The following experiment will ferve in proof of this al-
fertion. Let a pitol barrel, with the vent clofed up, bs
filled with powder to the muzzlc: on applying fire to it,
the barrel will inftantly empty itfelf, with an explofion,
Let it be again filled with powder well comprefled, fo that
the interftices between the grains may be as fmall as poffible,
and form, as it were, a folid body; the time that the barrel
will take to empty itfelf will be fenfibly longer than before.

The great velocity with which the inflamed fluid paffes
from the muzzle to the breech of the piftol barrel, between
the interftices of the grains, is obfervable in the firft expe-
riment ; and, in the fecond, it is feen how much this velo-
city, from the neceflity of penetrating the powder itfelf, is
retarded. - '

52. From the threc preceding paragraphs, the following
pfinciples are deducible.

‘ 1. That in burning two equal quantities of powder,
made of the fame compofition, but differently granu-
lated, as cannon and mufquet powder, the latter will
be confumed in lefs time than the former; becaufe the
grains being fmaller, (40.) prefent to the fire a greater

" fuperficies, and produce, at the firft inftant, the in-
flammation of a greater quantity of matter; which is
confumed {4 much the {coner, as the fire has lefs fpace to
- pafs through from the furface to the centre of each grain.

2. That this depends not only upon the fize of the
grains, but alfo upon the facility with which the fire
paffes between them. On the other hand, the grains
fhould not be too fmall ; for then the interftices will

. be fo diminithed, as to admit the flame to pafs with
difficuity ; and they will be fo compa&, as to form,
as it were, a folid body.

.53« The
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53. The grains of powder are generally of a very irregular
form and uneven furface; whence arife many varieties in
the quicknefs of its inflammation and explofion. To re-
medy thefe inconveniencies, fome manufacturers put the
powder into a barrel fufpended by two pivots; and having
turned it for fome time, feparate, by means of a fcreen, the
duft from the grains; which are, by this operation, fuffi-
ciently fmoothed and rounded. On comparing powder
made in this manner with powder of an irregular form and
uneven furface, the latter is found to take fire more quickly,
though the proportion of ingredients be precifely the fame in
both. Neverthelefs, as the interftices between the round
grains are larger than between grains of an irregular figure,
and as upon them the quicknefs of the inflammation greatly
depends, the round grains may be fo fmall, that the interftices
being equal in both, the fire may be able to fpread itfelf
equally, and confume the powder with the fame rapidity;
and as powder of an irregular grain takes fire more eafily
than fmooth-grained powder, a proportional fize might be
fixed on which would caufe the latter to inflame with greater,
or at leaft equal promptitude.

54. As thefe properties arc common to all kinds of pow-
der (40.) that are well made, of proper taterials, and
equally dried, varicties in their effets can only refult from
the different proportion of the ingredients, the fize of the
grains, their figure, and fmooth or uneven furface. If the
ingredients, however good in quality, are not well mixed
together, the powder will not fo readily burn, and the dif-
ference of the effe@ts will be very fenfible. -

§s. The following experiment will prove, that from fired
powder a permanent elaftic fluid (35. N© 4.) is produced in
great Tnntity, upon which depends its principal force,
(F1e.1V.) ABC Z is a hollow cylinder of bronze, with
afcrewat B C toreceive DEF. G G is akey to open
or fhut the communication between the parts of the funnel
HH. To thefpiral FF, fix the air-gun M M, to receive
the claftic fluid generated in the cavity BP; and fcrew DE
into B C. Put the powder into the cavity; and fcrew I K L,
made of bronze, into AP. Lmis thevént; noa fmall
moveable plate of iron, ta which is faftened a fufe o p, and
joined to the pin K, &c. ¢ r is a fmooth bar of iron, made
to flide in a groove by the fpring Vy, which keeps it in the
pofition ¢s5, when not forcibly held back; and clofing the
vent, totally prevents the ps age of the air; fo that, Whin

2 the
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the feveral parts are properly adjufted, and the bar of iron ¢ r
is in the pofition ¢ s, the elaftic fluid inclofed in the cavit
B P, though very much condenfed, cannot efcape. Q.
are pivots, or trunnions, to fupport the machine.

" In this experiment the machine muft be placed vertically,
that the pewder contained in the fpace B P may reft on B %;
the lLitle funnel H 5 having been previoufly filled with hog’s
Jard, that the powder, when fired, may not act immediately
on thekey G G, and prevent it from being drawn out. By
wmeans of a thread of filk, fatened with two little nails at
the hole m, the iron ¢ r is held back, the fufe is charged
with powder, and the vent L m primed. Then [ K is
ferewed into A P, and fire applied at L; which, communi-
cating by m, fets fire to the fufe in o; and burning, at the
fame time, the thread of filk, fets at liberty the iron ¢ r
which, prefled by the fpring V y, flides into s ¢, and clofes
she hole m. The fufe burns from o to p, and fets fire to the
powder in B X: the vent being clofed in m; and, for greater
certainty, a little fcrew introduced into L.

- . (Fig. V.). When it is judged that the powder in B X is
fired, ‘which ¢an only be known by the heat of the cylinder
A.B:C Z, as pomotion can be perceived, let a bullet be put
inte.the aif~gungand the machine be pointed againft a plank,
by. mcans-of the-femicircle of iron B B, which can be flopped
3 €. in any direltion; then giving a half turn to the key
Gy -shat the cavity B P 'may cominunicate with the bore
of b, siregun, on touching the trigger A the bullet is dif-
chaxged with veloatty, and impinges on the plank with the
fameforce ag would have been produced by a very great con-
denfation of air.
_+.The ¢avity B P. will contain.ten ounces of powder, but
-with one qunce. only, fixteen or cightecen bullcts may be dif-
charged. fucceffively, -and at the ditance of forty paces, each
bullet .will. pals through a fir plank ‘half of an inch thick.
After thefe difcharges, if the key G G be turned as it was at
firft, the air-gun be unicrewed, a large bladder faftened in
its place, and the key again turned, the bladder will be filled
-with an invifible luid ; which, being clofe tied up for feveral
days, will not fenlbly diminifth in bulk. In the coldeft wea-
ther it is equally elaftic ; fo that, confidered relatively to its
clafticity, it may be compared to the atmofpheric air. Un-
fcrewing K I, the infide B P X will be found covered with
faline particjes ; which, collected and examined, form a fixed
: : alkali
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alkali that eafily attra&ts moifture, and falls in deliquium when
expofed to an air abounding in vapour. .

§6. Since the fluid generated at the burning of powder
preferves its elaflicity for a long time, it follows, that at the
inflant of explofion its elaftic force muft be the greateft.
In proof of this, let a barometer be fixed to the pneumatic
machine ; and, having exhaufted the receiver, apply fire to
the thimble. (Fic. I.) At the inftant of explofion, the
mercurial gage defcends rapidly, then rifes; and, after fome
undulations, feems to fix, for a time, below the point where
it was before the explofion. This apparent fixation thews
that the elaftic fluid is reduced to the temperature of the air g
and the finking ‘of the mercury, in the beginning of the ex-
periment, proves that the force of this fluid is much greater
at the inftant of the explofion than afterwards. If, inftead of
burning the powder in vacuo, it be fired in the open air, the
elatticity of the fluid will be .greater during the application of
fire than when its effects totally ceafe.

§7.. From thefe premifes (32, 34.) it may be inferred,
that the quantity. of the permanent fluid is always in proportion
to the quantity of nitre contained in the powder, fince it
alone produces the fluid; as fulphur and charcoal, when
burned, produce none. Other experiments might be made
to confirm this, by burning different quantities of powder, of
the fame or different qualities, under the receiver of the
pneumatic machine ; exhaufting the air to the fame degree
in each experiment, and obferving the apparent fixed point of
the mercurial gage: it would then be feen that it fenfibly
falls or rifes in proportion to the faltpetre contained in the
different quantities of powder.

58. Though the penetration of the bullet into the plank,
and theapparentfixed point of the mercurial gage, ( 55, §6, §7.)
be the effefts of the permanent fluid generated from ‘the
faltpetre, yet they ought not to be attributed folely to that;
as the fmoke and the common air contained in and between
tﬁl:: grains of powder, are alfo rarefied by the alion of the

9. From all experiments hitherto made upon fmoke, it

s found to be claftic while hot; wherefore it is reafonable to
“conclude, that the fmoke produced at the explafion is one of
the caufes that concur to give it force: but when cold, it not
only.ceafes to be elaftic, but even abforbs a portion of the
pevmancnt fluid. It is impoffible, at the explofion, by fepa-
Bs rating
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rating the fmoke from the elaftic fluid, to determine the ab-
foluie force of each; yet it may be fafely inferred,, that the
greater part of it depends upon the permanent fluid.

60. T'he common air that is within and between the
grains contributes likewife, by its expanfion, to the force of
the powder when fired. Its abfolute force might be eafil
determined; but is very fmall, in comparifon of the elaf~
" ticity of the permanent fluid generated from powder.

61. Thus, the diminution of the ranges of fire-arms, when
heated by frequent difcharges, or-when the air of the atmof-
pheie is more rarefied, ought not to be attributed to lefs
claticity in the ar, but rather to the fecond property of
powder; where; being fired in a rarer medium, lefs takes
fire though rhe fame quantity be ufed ; and hence the range
is (hortened, as will hereafter be more clearly proved.

62. For the. fame reafon, the increafe of force obtained
by triturating powder for a long time, and the force which
damaged powder . refumes after having undergone a freth
proceis, proceed not, as fome think, from the greater quan-
tity of air comprefled into the fubftance of the powder, but
fimply from a more exa& mixture of theingredients, whence
they more eafily and generally take fire.

63. Inillutradon of this remark, it is fufficient to ob-
fervz, that the beft manufalured powder is liable to be da- .
maged by exceffive heat or moifture. The powder-makers,
in drying powder, take care to flir it frequently, and fuffer it
to cool before they put it into the barrels; as they pretend
that it ferments when very hot: and in fa&, if, when much
heated, it be clofed up in a barrel for fome hours, and after-
wards pourcd gently upon a cloth, a great part of the grains,
efpecially thofe towards the middle of the barrel, will be
caked together ; on examining them carefully, it will be
found to be owing to the great heat, which having liquefied
the fulphur, it glues the grains together when cold : but this
never happens if the powder be allowed to cool before it is
put into the barrel. A partial or total liquefaction of the
fulphur is always prejudicial to the inflammation and quick
deftru&ion of the powder, (27, 28.) as it deftroys the exa&t
mixture of the ingredients, which can be only recovered by
fubjecting it to a frefh procefs. If the heat be not fufficient
to liquefy the fulphur, a large quantity of duft, confifting
principally of fulphur and charcoal, will be found in barrels
of powder that have been long manufa&ured and expofed to
damp. The powder from which this duft is detached will

be
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be altered in quality; and while the interior of the grains,
from which the fulphurand charcoal are fallen off, continue in
the fame flate they were in when made, the exterior will have
loft the greater part of the fubftances neceffary to facilitate the
inflammation. Thus, on applying fire to thefe grains, the
furface burns flowly till the fire penetrates the interior, and
meets a fufficient quantity of fulphur and charcoal; the
powder muf(t therefore have become weaker. Now, if the
powder, thus reduced in ftrength, be manufatured again,
the grains will become homogeneous both internally and ex-
ternally ; but, owing to the diminution of the quantity of
fulphur and charcoal, they will be altered in quality, fince
the faltpetre will be in greater proportion than either of the
other two ingredients; fo that if, before the powder be-
came damp, it was not very ftrong, it will now have become
much ftronger; but, on the contrary, if-it was as ftrong as
poflible before, and the ingredients s38.) well-proportioned
and intimately mixed together, it will in this new operation
have loft part of its firength, Herice it may be inferred, that
grinding ferves only to'mrx the irigredlents together; and that
when there is a perfec¥ ‘contaét hetween the mtrous and com-
buflible particles, it’is_ufelefs ‘any "lofiger’ to cortinue the
operation, : -

64. Powder, howevet well dried and fabricated it may
have becn, lofes its firéfigth when allowed to become damp.
If daily obfervations on powder, putinto damp magazines,
and carefully preferved in barrels, are not fufficient to efta-
blifh this fat, the following experiment will render it intcon-
teitable, : :

Let a quantity of well-dfied powder be nicely weighed,
and putinto a clofe room, where the air is temperate, and
feemingly dry, and be left for three or four hours; on weigh-
ing it again, its weight will be increafed. This fame pow-
der, expoied to an air loaded with vapour, acquires much
additional weight in a fhort time. Now the increafe of the
weight being proportional to the quantity of vapour con-
tained in the atmofphere, and to the length of time that
the powder is expofed to it ; it follows, that powder eafily
attracts moifture. ' o

65. Wherefore, if a degree of heat, fufficient only to fire
dry powder be applied to powder that is damp, the moifture
will oppofe the adtion of the fire, and the grains either will
not take fire at all, or their inflammation will be flower:

thus, as the fire will fpread more flowly, fewer grains will
B 4 burn;



24 THE PROPERTIES

burn; and the penetration of the fire from the furface to the
centre of cach grain, and confequently their confumption,
will require more time. Whence it may be concluded, that
all degrees of moifture diminith the force of powder. Salt-
petre, not fufficiently refined, attradts moitture very readily ;
and as the fubftances that render it impure leffen the quan-
:znd fluid, and prevent its detonation, it thould be

ed as much as poffible before it is employed in the fabri-
cation of gun-powder.

66. In drying damp powder, the degree of heat fhould be
moderate. (63.) When any of thefaltpetre has been diffolved,
it thould be ground afrefh, to eftablith a juft mixture of the
feveral ingredients 3 and if part of it be abfolutely loft, which
may be known by paffing a certain " quantity of the powder,
wel{ dried and weighed, through a fieve, it will be neceffary,
before it is ground, to add the quantity of faltpetre that is
deficient.

67. Having thus thewn that the force of powder is owing
to an elaftic fluid generated at the explofion, the fuddennefs
of which depends upon the proportion of the ingredients, the
contalt between the nitrous ‘and combuftible particles, and
the fize of the grains, &c. it may be concluded, that when
feveral powders, equally well dried, and fired under the fame

" ftate of the atmofphere, are compared together, that which
.produces the greateft quantity of the elaftic luid, in a given
pace of time, is the flrongeft.

CHAP. 1V

THE PROPERTIES OF POWDER ARE THE saME
IN FiIRe-ARMs oF ALL CALIBRES.

»

68. HAVING proved that every degree of heat is
not capable of firing powder, and that its force depends on
the elaftic fluid generated at the explofion, it is needlefs to
adduce any more arguments in fupport of-this fa&; but
with regard to the fecond and third properties (44, 48, 49.)
of powder, which are undoubtedly of greater confequence,
and have often, for want of due inveftigation, occafioned a
difference of opinion among artillerifts, in tweating of the
proper charge and length of guns, it is neceffary to be more

particular,
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particular.- Thefe two properties, as well as, the firft and
"fourth, hold good in all fire-arms, and in every other cavity
where powder is burned ; they are alfo modified by the fame
caufes, (41.) and by others that will be hereafter men-
tioned. T

69. The fecond ‘property is obfervable in all fire-ariys,
when, on applying fire to different quantities. of the fame
powder, cither the whole or a part only of the grains take
fire, in proportion to the ftrength of the fire, and the denfity
of the medium. For example, if a quantity of cannon
powder be all burned in a gun of large calibre, the fame

ntify, in a picce of fmaller calibre, will not be all byrned,
n the! fame piece, charged with different quantities of pow-
der, the fmaller charge will entirely explode, while a part
only of the larger will be confumed. If, in thelarget charge,
the refiftance to the explofion be increafed by a high wad,
fhot, &c. a greater quantity of powder will burh than when
the piece is fired with a common wad, and without fhot.
Thefe varieties conflitute the fecond propesty .of. powder.
» 455 46, 47.) S e .
(4?70;45’1%: third property of powder is equglly obfervable in
all fire-arms. The inflammation of each grain, and qof the
contiguous ones, being progreflive in all kinds of powder, the
varieties that occur arife not only from the fize of the grains,
and the proportion of the ingredients, but alfe from the
fize of the veflel in which the pawder is fired. For example :
if in two veffels, of unequal fizes, two equal quantities of
powder-be burried, the fire in the {malleft veffel, being moft
intenfe, accelerates the deftrution of each grain, and all the
powder is confumed in lefs time than in the larger veflel.
‘The fame circumftance occurs, when two equal quantities
of powder are burned in veffels of equal fize ; one of which
refifts the a&tion of the powder, and the other burfts at the
beginning of the explofion : the heat being mase intenfe in
the veffel that refifts than in the other, the deftga&ion of
each grain is accelerated. .

71. To prove that the inflammation of powder in fire-
arms of all calibres depends on the denfity of the air con-
tained between the grains, and the degree of fire that fur-
rounds them, (69.§ﬁlct a mufquet or piftol barrel be filled
with powder to four or five diameters ; let a {mall wad, made
of a fubftance not eafily combuftible, be lightly comprefied
ppon the powder ; and let the piece be fired into a veflel made

on
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on purpofe to receive the difcharge : a certain number of grains
will be found unfired; let thele be colleted and weighed.
If this experiment be repeated feveral times, with the fame
piece, and with the fame quantity of powder of the fame
quality, and the picce be fuffered to cool after each dif-
‘charge, the number of unfired grains will be always nearly
the fame. Inftead of repeating the experiments with the
fame piece, let two or three, of the fame calibre, but the
* Jengths of which are in the ratio of 1, 2, 4, be charged with
the fame quantity and quality of powder, and fired as above,
the fame number of unfired grains will be found in the veffel ;
which proves that the additional length does not contribute
to the inflammation of a greater number of grains, provided
that the experiments be made with dry powder, and ina
very dry day. Thefe effe@s equally take place in mufquets
“or cannon: for if a thirty-two-pounder be charged with
8lb. g0z. of powder, carefully collected together in the
‘chamber, and lightly comprefled with a wad, and the gun
be fired horizontally upon hard fnow or ice, a great quantity
of dirt will be found before the muzzle of the gun, but
hardly any unfired grains of powder; but if the gun be
fired with 25lb. of the fame powder, a number of unfired
grains will be found : again, with solb. of powder, the
number of unfired grains fcattered upon the [now will be
greater. It evidently refults, from thefe experiments, that
in all fire-arms the quantity of powder that burns is limited,
It now only remains to be proved, that this proceeds from
the intenfity of the fire, and the denfity of the air contained
between the grains ; and that when thefe caules vary, the
quantity of powder that is burned in the fame picce varics
alfo, though the charges be equal, .
72. When one of the barrels is charged with the fame
quantity of powder, of the fame quality, if a very high wad
be rammed on it, or the refiltance to the explofion confi-
derably increafed by any other method, after the difcharge,
fewer unfired grains will be colle&ted. This not only cor-
refponds with the refult of former experiments, (46.) fince
the degree of fire is increafed by the refiftance, but ferves to
confirm the progreflive inflammation of the grains. But it
fhould be remarked, that the increafe in the quantity of pow-
der that takes fire is not always proportional to the increale

of the refiftance; for, under fome circumftances, a flight
refitance
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refiftance caufes a more intenfe fire than a much greater one
does in others. . '

‘The experiments made with the machine defcribed in the
third figure, prove that a difference in the denfity of the air
between the grains produces varicties in the quantity of pow-
der that takes fire ; the following fimple experiment will fur-
ther confirm it. Let 2 mufquet be charged with a full quan-
tit oyf powder, with a fingle wad, and fired into a large

; when the air of the atmofphere is very denfe and dry;
Jet it be again charged precifely in the fame manner, and
fired when the air is rarefied, as it is fometimes in fummer, at
two or three -o’clock in the afternoon ; and, to render the
cffe@s more firiking, let the barrel be heated by expofure to
the fun. If the powder, after each difcharge, be colletted
and weighed, a much greater number of unfired grains will
be found after the fecond than after the firft : nowthe only
difference between them being in the denfity of the air cone«
tained between the grains, it is evident that this muft be the
fole caufe of the varieties that take place. ‘The decreafe in
ranges, obferved in very hot weather, or when the guns are
much heated by preceding difcharges, ought not to be attri-
buted to the lefs elafticity of the air, fince its a&ion, com-
pared to that of the dz({ic fluid generated from powder, is
hardly fenfible ; the true caufe is the rarefa@ion of the air,
whence lefs powder takes fire.

73. The fize and pofition of the vent render this pro-
perty of powder fubje& to other varieties. On firing twa
piftols, of the fame calibre, but the vent of the one Jarger .
than that of the other, fewer unfired grains will be found in
the veffel from the former than from the latter. The fame
circumftance occurs when the vent of the one is fituated at 2
greater diftance from the bottom of the bore than the vent of
the other, though they be equal in fize.

74. The charges that at each elevation produce the longeft
ranges, depend alfo upon this property of powder. Itis
neceflary to vary the charges according as the denfity of the
air contained between the grains differs, as the elevation is
altered, or as the atmofphere is more or lefs loaded with
vapour. Thus it conftantly happens, that on firing at the
fame time two pieces of the fame calibre, but of unequal
lengths, the vents of which are of the fame fize and in the
fame pofition ; the charge which in the longeft piece gives
the longeft range, gives it equally in the fhorteft piece; m

' v
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vided that the two longeft ranges of the two pieces, when
compared together, be unequal. _

75+ In feeking the charge that gives the longeft range, it
will be found that by ufing fmall charges at firft, and im-
creafing the quantity of powder by degrees, the ranges will
increafe to a certain point; after which, if the charge be
augmented, they will progreflively diminith; though the re-
coil will flill continue in the ratio of the increafe of the
charge. This is a confequence deducible from the fore-
going experiments, and agreeable to the principles of me-
chanics; fince the recoil and the range ought to be in the
reciprocal ratio of the gun and the thot, - making allow-
ance for the refiftance which thefe bodies meet with, Thus,
when all the powder explodes, the recoil and the range
ought to be in the above ratio; but when a part
takes fire, the burning powder muft not only impel the
wad and the fhot, but alfo the unfired grains. Now the
fubftances impelled towards the muzzle of the gun being in
greater quantity, the weight approaches nearer to the weight
of the gun, which always remains the fame, and the range
is confequently dimini(hed.

26. The following experiments will prove the third pro-
perty of powder in fire-arms of all calibres. (7c.) Leta
gun of any nature be taken, and, to fimplify the experiment,
be ch with fuch a quantity of powder as will all explode:
an examining the ranges from two equal charges of powder,
of the fame quality, but of differently fized grains, as cannon
and mufquet powder, it will be conftantly found, cater:s

aribus, that the range produced fromn the mufquet powder
1s much longer than that from the cannon powder. Now as
the aétion of fired powder depends on the elaftic fluid, the
fhot, in the longeft range, muft neceffarily have been im-
pelled by a greater quantity of this fiyll: but it has been
demonftrated, .(§7.) that from equal¢larges of cannon ahd
mulquet powder, equal quantities of the elaftic fluid are ge-
nerated when they are totally confumed ; wherefore, in-this
cafe, all the fluid is not generated in the time that the fhot is
moving along the bore of the gun, and confequently we may
conclude that its generation is progreflive. A comparative
trial of. all other kinds of powder that have the fame pro-
portion in their ingredients, and differ only in the fize of
the grains, gives a fimilar refult: whence it is clear, that
each grain is confumed progreflively in pieces of all nlibresé

an
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and that the only variation confifts in the length of time from
the firft inflant of its inflammation till its final confump-
. tion,
77. Some artillerifts, from the intenfe heat excited in a
piece of ordnance at the inftant of explofion, particularly
with large charges, conceived that all the powder muft be
confumed before the fhot begins to be in motion; but it
having been already proved 571, 72.) that the quantity of
- powder that burns is limited, it will fuffice to fhew, by a

conclufive experiment, that the inflammation and defiruc-
tion of each grain is progreflive. It is well known that
fine war powder is much ftronger than mufquet powder ;
and that, on firing equal quantitics of thefe powders from
the fame picce, the former will give the longeft range : but if
of the fame pafte - from which the former powder be made,
grains four or five times larger than thofe of the mufquet
powder be formed, and the difference of the ranges between
this large grained powder and mufquet powder, fired in equal

uantities from the fame gun, be remarked, the ranges

m the latter will be found much longer than from the
former ; confequently the thot muft have been impelled by a
greater quantity of the claftic fluid. But the large grained
powder, if totally confumed, fhould produce the fame quan-
titity of fluid as the fine war powder, which was found to
produce more of it than an equal quantity of mufquet pow-
der. In this experiment, therefore, all the fluid is not dif-
engaged from the large grained powder, and the deftruction
of each grain is progreffive, as the charge is fo proportioned,
that the whole fhould take fire in the gun.

48. This progreflive deftru&ion of each grain is never to-
tally effected within the bore of the gun, in the charges at
prefent in ufe; for, independent of the above obfervations,
fire is always feen to iffue in great abundance from the
muzzle of the gun, which could never happen if all the
powder were confumed before the thot began to move.

9. Upon this third property of powder in fome meafure
depends the difference of ranges in two guns of unequal
length, but of the fame calibre, charged with equal quan-
tities of powder of the fame quality. 'The reafon why the
fhot from the longeft piece ranges fartheft, is not only be-
caufe it is impelled for a longer time by the fluid, but alfo
becaufe a greater quantity is generated during that time.
But fhot from long pieces only range farther when at quit-

ting
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ting the gun they are flill impelled by the elaftic fluid; or,
in other words, when arrived at the mouth of the piece,
their velocity is lefs than that of the fluid itfelf,

80. The adtion of the elaftic fluid on the fthot in moving
along the bore of the gun is fo powerful at the beginning of
the movement, that the range from a fmall charge fome-
times equals, and even exceeds, that from a larger charge,
though they both take fire before the fhot begins to move.
‘This is owing to the fmall charge occupying a lels fpace of
thebore; whence the fhot is longer impelled by the fluid, as
it has a Jonger {pace to move through in the gun. To clu-
cidate this, let an experiment be made with 2 gun a diameter
and half of its fhot in length; the ranges, or the penetrations
of the fhot into foft earth, will be greater when the charge
occupies half, than when it occupies a whole diameter,
Thus the decreafe of range in a piece of ordnance that is over-
charged arifes not only from the greater weight of matter
to be impelied by the fired powder, but alfo from the lels
fpace that the thot has to pafs through in the piece, and the
lefs impulfion of the elaftic fluid.

81. From thefe premifes, it will be eafy to explain, why,
in fire-arms loaded in the common manner, only a certain
guantity of powder can take fire,

There are two a&ions to be diftinguithed in the fluid ge-
nerated at the burning of powder; of fire, and elafticity. As
the fluid feparates, and difengages itfelf from the burning
grains, it carries off with it different inflamed combuftible
particles ; the degree of fire is then weakened, as much from
its expanfion, as from the extinétion of the flame, owing to
the deftruction of thefe combufiible particles: wherefore the
fluid, at a certain diftance from the burning grains, does
not contain heat fufficient to inflame other grains; but its
elafticity, though weakened by the decreafe of heat, does not
ceafe to act againft the fides of the containing veflel. Now
as the inflammation of powder in fire-arms commences at
the vent fituated at the bottom of the bore, there is generated
from the firft grains an elaflic fluid, which infinvates itfelf
into the interftices of the other grains ; but the more this fluid
expands, and the combuftible particles mixed with it are de~
firoyed, the heat becomes lefs intenfe, and unable to fire the
grains more diftant from the vent: but a frefh Quid is fuc=
ceflively generating, and inflaming thofe which the firft pro-

duced fluid had not power to inflame; the quantity of the
fluid,



OF GUN-POWDER. 31

fluid, and the intenfity of the heat, increafe by degrees, till
the wad and fhot begin to move. From this inftant of
movement the fpace containing the fire, the fluid, and the
unfired grains, enlarges; and though frefh fluid is conti-
nually generating, yet, as the fire does not increafe in propor-
tion as the fpace which contains it is enlarged by the re-
moval of the wad and fhot towards the mouth of the gun,
the unfired grains will not be inflamed ; as, from the rare-
faétion of the air, the fire is not fufficiently intenfe. Hence
we may coriceive why, in moderate charges, properly wadded,
the fluid has fufficient elafticity to force out the wad and thot,
and,” at the fame time, heat enough to fire all the grains;
and why, in charges that are too large, and wadded in the
fame manner, the heat is not intenfe enough to inflame the
grains that are diftant from the vent, while that its el

is fufficient to overcome the refiftance of the fhot and w:
and put them both in notion.

82. It may be concluded from the preceding obfervations,
that the form of the veflel in which powder is burned has no.
influence on the force of the elaftic fluid. Indeed, as the
powder may be more compaé in one form of chamber than
in another, the fire, in fpreading itfelf from the vent with
more rapidity, may inflame more grains ; thus a greater
quantity of the fluid may be produced in equal times, but
the ablolute force of an equal portion of it will not be in-
creafed. Mortars with fpherical chambers give the longeft
ranges ; becaufe, of all the different forms, of equal contents,
in which chambers can be made, the fpherical has leaft fuper-
ficies, as may be demonttrated geometrically ; all the powder,
therefore, is nearer to the vent in this chamber than in any
other.

83. As the properties of fired powder are the fame in
fire-arms of all calibres, in proportion to the compacinefs of
the charge around the vent, the refiftance oppofed to its ex-
ploﬁon, and the variation in the denfity or moifture of the

3 itis evident that, in firing equal quantities of
powder of the fame quality, at different timies and places,
differant - effets will refult. If the flate of the air be al-
tered, both with refpect to denfity and moifture, the ranges
will bu‘fenfibly fhorter, as the fucceflive inflammation of the
grains will be flower: this frequently occurs when cannon
are fired over the fea, lakes, or marthy grounds, from which
thete'is o'ftrong exhalation. I

t
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It will be fhewn, in the fecond part of this treatife, that the
initial vclocity of a mufquet bullet, in a very moift day, is to
its velocity, with an equal cbarge, in a dry day, as fix to
feven.

84. It might be fuppofed, that experiments made at diffe-
rent times and places, with mortars conftru@ed with the
fame propertions, and from the fame model, might be con-
clufive in proving the comparative goodnefs and force of
different powders; but the contrary is the cafe: for, inde-
pendant of the varieties enfuing from alterations in the ftate of
the atmofphere, there will inevitably be a difference in the
confiru@ion of the mortars, in fpite of the utmoft precau-
tion of the founder. Thefe differences, or inequalities,
though fcarcely difcernible, will neverthelefs greatly affect the
range; even if the mortars are fired from the fame fpot, in
the fame pofition, -and with all other circumftances as nearly
correfponding as poffible.

85. To afcertain the goodnefs and force of powder, by
proving it with a mortar—

1. Fire fome rounds with a particular powder, made
with the greateft exactnefs, called proof powder ; then fire
the fame number of rounds, from the fame mortar,
charged with an equal quantity of the powder to be
proved, which thould be of the fame kind as the pm;f
powder : if the ranges be equal, the force and goodnefs
of the powder Is afcertained. It fignifies little whe-
ther the proof powder, provided that it be in good pre -
fervation, has at other times given longer or fhorter
ranges; fince this comparative trial proves that the two
powders are of equal force.

2. Before the proof, the two powders fhould be ex-
pofed to the fun for fome time; (63, 66.) and the
proof made on a day when the air is clear and ferene.

3. To leflen the varieties that any alteration in the
rarefalion of the air might occafion in the inflamma-
tion of the powder, or the refiftance of the thot, the
two powders thould be fired as nearly at the fame time
as poffible, and in fmall quantities, that the whole charge
may take fire: wherefore, if the chamber be cylin-
drical, as it commonly is in proof mortars, and the vent
fituated at the bottom, the charge ought not to exceed
one diameter of the chamber ; though a larger quantity
might take fire, if the powder be of fufficient ftrength.

4. The
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4.1 he mortar thould be firmly fixed in a heavy bed,
that the machine may not be deranged by the explo-
fion, and laid at 45°; the fhot thould be of equal
weights and diameters, with the centre of the figure
corrgfponding with the centre of gravity: without
thefe precautions, the refult of the experiments can-
not be depended upon.

In this manner the goodnefs and force of powder may be
with more accuracy afcertained, than by any other method
yet invented: for complicated machinery is fubject to nu-
merous accidents ; many of which are avoided by fixing the
noortars {o folidly and firmly in their beds, as to form as it
were but one fimple machine, .

CHAP V,

Or THE CMARGES THAT GIVE THE LONGEST
RaNGEs.

86. TO afcertain the charges that give the longeft
ranges, has ever been one of the chief obje@s of refearch
among artillerifts ; it is to be deduced from the fecond pro-
perty of powder, and can only be known by experiments
made in particular cafes. Having proved, in the preceding
chapter, that the fecond property of powder has effe& in all
fire-arms (47, 71), and that the quantity which takes fire
is in proportion to the refiitance to the explofion, the denfity
of the air contained between the grains (72, 74), the fize
and pofition of the vent, the form of the chamber, and the
ftate of the armofphere (82), it is impoffible to fix invariably
the charges for giving the longeft ranges; the utmoft that
can be done, is to eftablith rules adapted to certain deter-
mined circumftances : and, in order to render them ufeful
and conclufive, they thould be deduced from experiments
made with guns of the fame calibre with thofe of which the
proper charge is fought, and the common mode of firing
fhould be obferved,

87. In thefe experiments two objects are principally to be
had in view :

1. To find the charge which, of all others under
fimilar circumftances, will with powder of the famg
quality produce the longeft range.

Cc 2. T9



34 THE PROPERTIES

2. To afcertain the greate® quantity of the fame
powder that takes fire in the piece, fired precifely in the
fame circumftances. This ditin&ion muft be carefully
obferved.

Tt has been demonftrated, in fpeaking of fhort guns (80),
that when the greateft number of grains take fire, the range
is not always the longeft: Now itis eaf{_ to extend this de-
monftration to pieces of all lengths. o fuppofe that the
charge is entirely converted into elaftic fluid before the fhot
begins fenfibly to move from its place, and that the fluid
prefervés conftantly the fame degree of heat, is to confider it
as liable to no other modification than expanfion as it pafles
along the bore of the gun, which is proved to be falfe in the
experiments related in the Philofophical Inftitutions. It is
there thewn, that the longeft range is obtained from a charge
that occupies about 1§ of the length of the bore, and that
all other charges give thorter or longer ranges according to
their deviation from this proportion, Thus the expgriapents
made with the powders defcribed (40), far from invalidating
the former conclufion, on the contrary confirm it ;, by pro-
ving, that in fire-arms overcharged with powder,.and the
fhots and wads rammed as ufual, all the grains do ot take
fire, and that all the elaftic fluid is not generated befgrg the
thot iffues from the mouth of the piece. Whence on 'com-
paring two unequal charges of cannon powder, the fmgallett
of which is entirely confumed in the piece, while the la
is only confumed in part; it will be feen, that though the
longci{ range might be expected from the largeft charge, as
more of it may take fire; yet conclufions entirely oppofite
may be drawn from pra&ice : whether it is, that the ypfired
powder increafes the weight of the fubftances to be impelled ;
or whether from the quantity of the charge, the fpace through
which the thot fhould pafs is too much diminithed.. . Since,
then, in fpite of the inflammation of a greater number of
grains, thefz large charges do not always give the
ranges, and they ufelefsly increafe the confumption of pow-
der, and fhatter the carriages ; our principal obje&t fhould be
to determine precifely the charge which, of all others under
fimilar circumftances, will give the longeft range in pieces
of all calibres. .

88. There are three methods of determining experimentally
the charge that impels the thot with the greateft force, and of
courfe gives the Jongeft range, : B

1. Dy
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1. By finding the initial velocity of the thot near the .
mouth of the piece.

2. By firing again(t a butt penetrable and homoge-
neous, in which may be meafured the g enetrations of the
fhot.

3. By meafuring the length of the ranges,

The latt method is the moft complex, and gives approxi-»
mations leaft exaét; as feveral circumftances may concur to
jmpede the motion of the thot, and alter it’s direiion; but, as
it ismoft common in pradtice, we will firlt examineit. The
inveltigation of the others will lead us to the folution of feveral
yery important problems. )

To find tre charge that gives the longelt range—

1. Fire feveral rounds from the fame piece, under
circumftances as ncarly fimilar as poflible, with fhot of
the fame kind, and with wads rammed with the fame
force as is generally employed ; in a word, with no othey
difference t%\an in the quantity of powder. '

2. Continue firing till a charge be found, any increafe
or decreafe of which gives thorter, or at leaft equal ranges,

3. Alter the elevation of the guns, and fire feveral
rounds in each pofition, till the proper charge be found.

Imprefled with a neceflity of adhering to thefe principles, and
anxious, at the fame time, to avoid a prolixity that could add
nothing to the exatnefs of the conclufions, the officers of ar~
tilery at TuriwN, in making the following experiments, laid
the gun, at firft, horizontally, and afterwards, at the higheft
elevation the carriages would admit of.

89.  The experiments began the 7th of February, and ter-
minated the 3oth of March, 1746. They were. generally car-
ried ofi in modesate weather, and in the afternoon. Several
rounds were fired from each piece, with equal charges. The

were thounted on a part of the fortitications of the city,
where the axis of the piece was thirty feet higher than the level
of the country where the fhot fell. In the dire@ion of the
a line was traced, and pickets fixed in the ground at every
hundred feet ; and, to prevent all poﬂibili?' of miftake, each
picket was numbered. To the right and left of the ranges,
men were pofted to mark exatly the fpot wliere the fhot firft
T«!‘; while the officers made the neceffary obfervations upon
t , which moved freely upon a folid horizontal plat-
form, twenty feet in length, and ten in breadth. The guns
were four, cight, fixteen, andct.hiny-two-poundm; and thofe
2 which
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which had the bore cylindrical, and the vent fituated at the

bottom, were conftru&ted according to the proportions laid
down in the Firft Book of Artillery,

Nature of Guns. Length of Bore, Weight.
Pognders, Calibres. Cuwr.  q. 1B.
4 = = 27 - 9 I 9
8 —_ 27 -— 18 2 10
16 —_ 23 — 31 3 26
32 -— 20 — 57 2 17

They were fired on their carriages, and loaded with the
ladle: the powder was the common-grained cannon pow-
der; four firokes of the rammer were given to the wad over
the powder, and three to that over the fhot, by the fame
gunner, and as nearly as poffible with the fame force. The
wads were of- twiﬂexihay, properly gauged ; the fhot were
weighed, to fee that they were exally equal in weight; and
the windage was in the ratio of twenty to twenty-one.

- The guns being lozded, and pointed along the range, were
fired with the axis always horizontal; which was afcertained
by the pendulum and - water-level. . After each difcharge, the
length of i the recoil was meafured ; the wheels were placed in
the fame pofition, between lines, to prevent the {lightett dif-
ference. The coins placed under the breech were marked be-
fore the difcharge; and if moved by the fhock, the expe-
. riment was not confidered as exact. :

Thefée precautians. being taken, the fmalleft charges were
ufed at firlt, and increafed gradually till the ranges began
to diminith . . three rounds, at lealt, were fired with each
charge. The charge that gave the longeft-range having been
afcernained by repeated:firings, the principal object was, during
the lait five days, to remark what - alteration might arife from
any change in. the flate of the atmofphere ; with this view, the
fame gun was fired each afternoon, with the charges marked
in the following table. For example, from the four-pounder
three rounds were fired, with each of the charges of 1lb. 4o0z.
pib. 1o6z. 2lb. 102. of powder : the following day, from
the aght-pounder three rounds were fired, with: the charges
of 21b. 70z. 3ib. 50z. and 4lb. 20z. of powder. In
Jike manner the fixteen-pounder was fired on the third, and
the thirty-two.pounder on the fourth day. Atlength, to
form a comparifon of the ranges of the different guns, on the
fifth day the four and cight-pounders were fired, with charges

: equal
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equal to half the weight of their fhot : the charges of the fixteen
and thirty-two pounders were equal to § of the weight of their
fhot. The following table will thew the refult of the ex-
periments during the five days.

Nature of  Weight of Length of " Recoil.
Guns. Powder. Range,
Pounders, . db. ox. Yards. Inches.
1 4 — 478 — 43
4 110 _— 489 —_ 62
2 1 —_ 472 —_ 72
' ' 2 7 - 512 - 45
8 3.5 — 532 — b4
L 42 = 532 — 8
3 5 - 505 - 42
16 4 6 — 526 —_ 55 -
415 T — 522 —-— 78 ..
6 g — 485 — 54
32 - 812 — 492 —_ 71
' 9 13 —_ 489 — . B2

9o, Thcfe experiments having been made with the great-
eft aceuracy, we may conclude, that in cannon fired under
fimilay cifcumflances, the charge of powder which will give
the Yongeft range, is equal to half of the weight of the fhot
in four and cight pounders, and 1o ; of its weight in fixteen
and thirty-two pounders ; and moreover draw the following
inferences with refpet to two important effe@s which con-
ﬁamly dppear.

1. The recoil always increafes in propomon to the

-gugmentation of the charge, that the length of the

g~ range increafes to a certain point, and afterwards de-
creafes in a much lefs ratio than the recoil increafes.

"2, That the charge which gives the longeft range in

-'plcces of fmall calibre, is proportionally lnrger than in

- pieces of large calibre.

¢1. The following experiment will explan the caufe of
the fitft effe@ (go, No. 1.): Charge any piece of ordnance
with the greateft. quantity of powder that will all wake fire
without 'a wad ; after the difcharge mark the recoil: ufe
again' the (ame quantity of powder, with a wad frongly
ramiried on it 3 the length of - the recoil will be greater lhan
at the ﬁlﬁ dlfchm‘ge fire a third round with the fame charge

: C3 well
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well wadded, with the addition of a fhot and wad over ity
the leagth of the recoil will be again increafed. At length,
with fimifar charges and wads, and, inftead of one, putting
two orthree fhot into the gun, the recoil will increafe in pro«
portion to the number of fhot, and the range will diminith.
92: We may eafily apply this fact to the experiments. of

fb has been proved (71 75), that only a limited quantity
of cannon powder takes fire : thus, till the charge be fo pro-
portioned as to be all fired in the piece, a greater quantity of
elaftic fluid is generated in proportion to the largenefs of .the
charge. Now confidering the gun and its carriage taken to-
gether as a conftant quantity termed C, and the fubftances
impelled towards the mouth of the gun, viz. the two wads
and the thot, as P ; the length “of the ‘range ought to be to
the length of the recoil as C : P, without making allow:
ance for friion and-the refiftance of the- air to the motion
of the thot.” But as'the fpace that the fhot thould move
through in the piccs is diminithed in proportion as the
charge is increafed, and the ois mitrix confequently-alts up-
- on it for a (horter time ; the decreale of impulfion muft be
dedocted from the adion of the' elaftic fluid generated ‘in
greater quantity. as the charge ¥8 Jarger : Hence it refults, thae
the ranges are proportionally.fhoeter than the reccxl, though
they both inareate: asithe charpe is augmented.

t if the ciiarge be fo auzmented, that a part I arrives
at the mouth of :the:piece without takmg fire, then the fub-
flances to be.impelled being in greater quantity, the fame
circymftance that occurs when feveral fhot are put into the
piece will in part occar here. As no more grains will be
fired, than if the charge were {maller and all ignited, the fhot
will acquire iefs velocitys but the reation azainft C increafing
at the fame time, the recoil will be greater than before.
The fubltances P +1 forced towards the mouth of the piece,
prefenting to the explofion of the elaftic fluid a greater re-
fitance than P alone, and the number of ignited grains and the
quantity of fluid ‘generated during the time that the fhot is
moving along the bore being more confiderable, the abfolute
increafe of fire acting againft the gun and carriage muft alfo
augment the recoil ; while the range may be fhorter, equal,
or longer, than that produced by a charge that is entirely
confumed in the gun, in the ratio that the increafe of fluid
bears to the fubltances P+ 1, and to the fpace that the fhot

has
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has to move through in the piece. This thews clearly, that
the ranges or the initial velocities of fhet impelled from gums
are praoportionally lefe than the recosls, and that if the charge
be augmented to a certain point, the ranges will diminith,
while the recoils will increafe.
. 3. Thus, very large charges (hould never be ufed in the
fervice of artillery, as the ranges from them are fhorter, or at
moft but equal ; and befide the ufelefs expenditure of pow-
der, the carriages are foon rendered unferviceable, and the
greater part of the fhot are of no effect.

94. The caufes of the recoil merit a more particular exa-
mination. There are two motions in the breech of a gun,
at the inftant of difcharge; one up and down, by which it
finks into the coins, and fometimes throws them upon the
ground, if too obtufe or improperly placed : this reflected
movement of the breech takes place when the center of gra-
vity of the gun is too near to the axis of the trunnions, or
when the coins are made of too elaftic a fubftance, The
other is an attempt to retire with all the machine in a di-
reftion oppdfite to that of the movement of the thot, which
is termed the recoil.

95. The better to underftand the caufe of this double mo-
tion ; ler a refifting vefiek; in which powder takes fire, be fup-
pofed to have the vent flopped at the beginning of the in~
flammation, no motion will in this cafe be perceived, becaufe
the elaftic fluid, prefling equally upon the fides of the con-
taining veffel, and all :the parts having a mutual attraQion,
its powers are in equilibrio : the balloon’ inflated with air is
a very fimple demonfiration of this.

96. But if the claftic fluid can efcape through an aperture
made on purpofe, or through a cleft canfed by its action on
the fides. .of the veflel, it will-be impelled in a direction op-
pofite to the aperture, with a-force propdrtiomate 10.the den-
fity -and velocity of the fluid. For the elaftic fluid in
efcaping meets refiftance from the external air, and impels
it and the veffel in oppofite directions ; and if the veffel itfelf
be not equal in weight to the action of the fluid, it will be
put ir motion: {ince the column of air which refitts this
motion, and tends to preferve the veffel in 2 fate of reft, will
not be able to prevent it ; (its refiftance being proportional to
the velocity of bodies moving in it:) the greater the velocity
with which the fluid ruthes out, the greater will be the re-
fiftance, and the longer the recoil : a number of experiments

Cas might
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might be adduced in fupport of this, bat the common fkya
rocket fully exemplifies it.

97. When fire is introduced into the vent of a gun, the
aftion of the breech againft the coins is in proportion to the
denfity of the elaftic fluid in the charging cylinder: nqw as
the wad and thot cannot move before there be a fufficient
quantity of the fluid generated to overcome their refiftance,
and force out the column of air from the bore of the gun ;
if the wad be too ftrongly rammed, or a part only of the
powder take fire, or more than one fhot be put into the
gun, or it be more elevated at one difcharge than another, the
refiftance to the fluid being increafed by one or more of thefe
caufes, a greater quantity muft be generated before the fhot
and wad will be moved. Before this motion commences,
there can be no recoil (g5), for the thot and wad form; as
it were, a part of the gun itfelf: wherefore, if fo large a
quantity of fubftances be put into a gun, as totally to pre-
vent, by theit refiftance, the efcape of the elaftic fluid, there
will be no other movement in the piece than that of the
breech up and down againft the coins ; which.might, if ne-
ceffary, be more fully demonftrated.  Moreover, fince a
part of the elaftic fluid efcapes through the vent during the
time of its generation in the charging cylinder, it is cleat,
that the action of the breech againft the coins in the oppo-
fite diretion, muft commence as foon as the powder takes
fire, but the recoil will begin fooner or later according to the
refiftance oppofed to the explofion,

8. Hence, if the movement of the breech up and down
has not totally ceafed before the fhot quits the gun, it may
be thrown above or below the point aimed at. When the
wheels are of unequal diameters, or not placed in the inter-
vals of the correlponding lines and nails, or the platform on
which the gun moves while the fhot is pafling along the
bore, is not even and folid ; in all thefe cafes, the gun will not
recoil in the proper direction, and the fhot will be ‘thrown
wide of the mark. o

gg9. The length of the recoil during the time that the
fhot is paffing along, the bore varies according to circum-
ftances. If the charge, for inftance, be rammed in the com-
mon method, and the gun placed on an even horizontal
platform, the elaftic fluid muft exert more force to move the
charge than to move thegun ; as 1s the cale in ufing the wad-
hook to draw out the charge, the gun being drawn.forward

before



OF GUN-POWDER. 41

before the wad is difplaced.  If, on the contrary, part of the
platform be raifed, the fame force that will draw out the
wad will not be fufficient to draw the gun up the inclined
plane. Similar varicties occur in the recoil, when the ele-
vation of the gun is altered, or the wheels turn more freely
on the axle-tree.

. To give to this queftion a pradtical folution, with refpe&t
to charges that all take fire in the gun; let the gun and car-
riage be confidered as one body:é‘,] the wads and fhot=P,
the length of the bore from the fhot to the muzzle =D, the

PD
recof] will be=—E. Let one rommd be fired with a wad

over the powder, and the recoil=A. Let a fecond be fired

with the addition of a thot, the recoil=B will. be greater
‘ PD BPD

than A;and A:B:: C—-: S =the length of the recoil

in the time that the thot is paffing along the gun. This ex-

periment having been made with a thirty-two . pounder,

charged with common powder, and fired horizontally on a

BPD

horizontal platform =faninch, So that if the plat-

form be very folid and even for ] an inch, at the fpot on
which the wheels and trail of the carriage reft, the remain-
der of the platform is only ufeful in facilitating the operations

BPD
of the artillery-men : indeed, as the value

may from

circamftances vary alittle, allowance fhould be made for it.

* 100. Let the fecond effed (go.N°2.), viz. that the
ebarge which gives the longefl range in pieces of fmall calibre,
is praportionally greater tban the charge which gives the lon-

¢ff ranges in pieces of large calibre, be now confidered.

his effedt, which conftantly appeared in the foregoing ex-
periments, could only proceed from the fize of the vent being
equal in the four guns, and from the wads being rammed
with the fame force. From the former circumftance, a re-
Latively greater degree of fire is produced in the fmall guns ;
and from the force with which the wads are rammed, the
powder is more compact, and the charge adhering clofer lt\o
the
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the fides of the gun, the refiftance is increafed, and mote

ins arc fired.. :

xo1. In the fpring of 1750, the officers of artillery beigg
dire@ted to invettigate. fome profeflional points under the or.
ders of the Chevalier Ferrero Br PonsicLion:, ‘made
feveral experiments to find the charge that gives the Jongeft
range, when the piece is fired at the higheft elevation the car-
riage will admit of. 'The guns were of the fame calibre and
proportions as in 1746, only the (hot being rather larger, the
windage was lefs. They were loaded with the Jadle with
‘different charges of common grained cannon powder : three
rounds were fired from each gun with the fame charge ; the
fame artillery-men gave five ftrokes of the rammer to the
wad over the powder, and three to that over the fhot ; the
guns on their carriages, moving freely upon a horizontal
platform were always laid at the fame “elevation, ana every
precaution was taken to load them equally; and meafure
exaltly the length of the ranges, upon a flat piece of ground
nearly on the fame level with the battery.

Refult of Experiments made in the Spring of 5750..
Naturc of Guns. Weight of  Length of Recoil,

Powder. Range.

Pounders,  Elevation.  Ib. oz. Yards. Inches,
: 2 r — 2375 — 52
o 2 8§ — 2219 — 6o
4 — 14 2 14 — 2422 — 70
3§ — 256 — 76
3 5§ — 2321 — 46
4 2 — 2463 — 65
8 =~ 11° 4’1y — 2486 — 85
5§12 — 2375 — 102

6 9 ~— 2675 — 119 -
5§12 — 2659 — 7X
-6 g =— 2860 - ¥6
- 7 3 =— 2663 — g0
16 12 8 3 —~— 2810 —~— g7
9 0 ~— 2764 — 108
913 — 2892 — 113
11 8 — 3172 — 117
13 2 — 3032 — 120
32 — 11§°y 14 6 — 2995 — 124
16 6 -~ 3220 =— 146
18 0 — 3084 — 168



OF GUN-POWDER. 43

102, It refults from thefe experiments, that the charges
that give the longeft ranges when cannon are fired at the
i elevation their carriages will admit of, are greater
than thofe which produce the fame effect when fired hori-
gontally (8¢g). But the ranges do not increafe in the regu-
lar progreffion that might be expe@ed. For inftance, in.
the fixteen pounder, the charges of 5lb. 120z. and 7 Ib.
3 oz. gave ranges nearly equal, while 61b. goz. gave one
much longer. Thefe irregularities proceed from the diffe-
rent charges not having been fired on the fame day; the
§lb. 120z. were fired the 23d of March, the 61b. g oz.
the day following, and the 71b. 3 oz. on the 1ft of April;
if they had been fired on the fame morning, the modifica-
tions in the explofion of the powder, and the air’s refiftance
to the fhot, refulting from the alterations in the flate of the
atmofphere, would have been avoided : in the 4th and gth
chapters of the fecond part, this matter will be more fully
difcufled. -

On repeating thefe experiments with fuch precautions as
to avoid the modifications arifing from changes in -the ftate
of the atmofphere, the charges (101) that give the lon,
ranges will be found to be almoft double of thofe ufed in
1746 ; but the increafe of range is of little importance com-
pared to the increafe of the recoil, and the greater fhock
fuftained by the carriage ; thefe large charges fhould never be
ufed for- common fervice.

103. In experiments of this kind, a remarkable inequa-
lity between two ranges from equal charges of powder will
occafionally occur, though every precaution betaken to fire
them under circumftances as nearly fimilar as poffible.
Thefe inequalities were neither fo zequcm nor confide-
rable .in 17?6 as in 1750; but it is impofhible totally ta
avoid them, for fuppoling the direfion of the guns to remain
unaltered at the explofion, yet there are two caufes which
feparately or conjointly may render the ranges from cqual
charges of powder unequal.

¢ 1. The fhot in paffing through the plane of the gun,
may not exaltly follow the direQion of the bore; or on
quitting the gun, it may take a different diretion.

104. 2. The powder may not be equally well collected
in the piece, fo that charges though equal in quantity,
have not the fame figure : large charges are more liable
to this accident than fmaller ones, particularly when

rammed
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rammed with the fame force. In this cafe the quantity
of powder fired in the Jarger charge, varies in proportion
to the difpofition of the grains to inflammation ; for in-
ftance, in guns laid above the horizon, more powder
ought to take fire, as the refiftance to the explofion is
‘greater, The larger the charges, the more frequent
are the inequalities in the ranges independent of the
violent concuflion of the carriages.

105. Wherefore, the two extremes of very large or v
finall charges fhould be equally avoided ; for the firft does
not compenfate for the uncertainty of their ranges, or the
great increale of recoil, by the additional velocity and force
given to the thot: and with very fmall charges, the leaft
difference in the fize of the wads or ramming, caufes a great
alteration in the impulfion of the fhot and ultimately in
the range; as is often feen in richochet-firing, and in mor-
tars Joaded with fmall quantities of powder.

106. This object of afcertaining the charges that give the
longeft ranges, has engaged the attention of the French, as
well as the Piedmontefe artillerifts ; and the refult of their
experiments appears to be, that in cannon of large calibre,
the charge ought to be about § of the weight of the (hot.

The knights of Malta, on feeing the report of the French
experiments, were induced to dire® Sig. MARANDONE,
enginecr of the order, in the month of Auguft, 1747, to
repeat them. He fent to the regiment of artillery at Turin
a detail of his praétice, and aftked the opinion of the officers
on the conclufions to be drawn from it. Having obferved,
that ‘on ufing larger charges than } of the weight of the thot,
the ranges (till increafed proportionally ; he did not think it
neceffary to purfue his experiments for finding the charge
that would give the longeft range; and judging that the
French powder was weaker than his, he concluded that
when cannon of a_large calibre are charged with a ftronger
powder than the French ufe, the charge which ought to pro-
duce the longeft range, muft exceed § of the weight of the
fhot : this conclufion is conformable to our theory, and the
refults of our pradlice.

It is clear then, that the artillerifts in former days, con-
fumed a fuperfluous quantity of powder, in making the
charge equal to the weight of the fhot : it even {ometimes
exceeded it, as their powder was much weaker than that

now in ufe.
107. The
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- 107. The charges we have laid down as giving the longeft

ranges (8g, 102} are under fimilar circumftinces, the fame
in all guns of the fame calibre, whatever be their length ; fince
the increafe of length docs nor generally caufe the inflam-
mation of a greater number of grains (71) the charge which
in one gun will give the longeft range will give it equally in
a fhorter one of the fame calibre: very fhort puns are in-
deed an exception to this rule ; for in them the a&ion of the
elaftic fluid upon the thot in two unequal charges that all
take fire, is at leaft equal, or even greater, in the fmalleft
charge ; as the fhot having a greater length of the bore to
pafs through (80) is longer impelled by the elaftic fluid.

108. It only then remains to afcertain the beft charges for
fervice ; we fhould previoufly recolle@, that the great utility
of fire-arms confifts in two points: the firft and principal
one is, to ftrike the object aimed at ; the fecond is, to frike
it with a due degree of force. The firft is ever indifpenfable ;
the fecond admits of certain modifications : for the greateft
force that fire-arms can produce is not always requifite ; and
even when it is (Philol. Inftit.) it is better to diminifh the
charge, and leflen the effect of the fhot, than run the hazard
of miffing the obje&, from the uncertainty of ufing very
large charges; this needs no illultration. Befide, brafs
guns fired frequently with large charges are in a few days
rendered unferviceable; wherefore the advantages and dif-
advantages attending the ufe of them fhould be fully weighed,
as upon the prefervation of the guns may entirely depend
the fuccefs of an enterprife.

10g. Toapply thefe confiderations to practice, and com~
bine the juftnefs of the range with the neceffary force, and
with the prefervation of the gun and carriage; the charges
of powder for fixteen and thirty-two pounders, ought never
in the attack and defence of places to exceed half of the
weight of the fhot, if the gun be properly proportioned
(89) and fired at the diftances fet down in the fecond and
third book df Military Architecture, and the Treatife of Ar-
tillery ; this we will call the largeft fervice charge, and (hould
only be ufed in cafes of neceffity : the fmalleft fervice-charge
thould not be lefs than } of the weight of the fhot, and
the medium charge ; or § of its weight.

The charge for eight and four pounders thould vary ac-
cording to circumftances, from j to  of the weight of the
fhot : the wads in thefe picces and in thirty-two and fixteen
g pounders,
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pounders, fhould be rammed in proportion to the weight of
the charge, in order to produce the proper effet ; perhaps
too much force cannot be ufed, provided that the grains of
powder are not cruflhed and beat fo clofe as to prevent the
firc from penetrating. The charge for richochet and red-
hot firing, is very fmall in proportion to the calibre ; it de-
gends in fieges on the fituation of the gun, as the diftance
om the enemics batteries is the only point to be confidered.
The charges for field artillery in general a&ions, in affairs
of pofls, in attack and defence of intrenchments, &c. fhould
be between § and - of the weight of the fhot, according to
the calibre and weight of the gun. '
r10. Though our obfervations have been hitherto confined
to the proper charges for guns; yet thofe for mortars may be
cafily afcertained by knowing the quality of the powder, and
the form of the chamber. All the mortars now in ufe, in
which the communication between the chamber and the
chafe is narrower than the greateft diameter of the chamber,
as the fpherical, elliptical, parabolic, and thofe in form of a
pear, always range the fartheft, when the chambers are filled
with the common cannon powder, and the fhell cl con-
fined by well fifted earth rammed upon it ; it is clear mi this
cafe that the charge cannot be augmented. Befide the con-
cuffion is more violent, and the ranges are lefs exa®, when
the chambers are not filled ; therefore, to throw a fhell to 2
certain point, the chamber fhould be filled, and the range
regulated by the degree of elevation,

111. We will conclude this chapter by thewing experimen -
tally how much the difference in the fize of the vent affeéts the
force of the thot. A mufquet wastaken *; of an inch in
diameter, and 33 inches in length of barrel. The axis of
the large fcrew which clofes the breech, was perforated with
a hole % of in inch in diameter, with fpiral fides to receivea
fmaller fcrew ; one end of the fmaller fcrew was armed with 3
little piece of red hot iron, to fet fire to the powder in the
barrel ; to the other end a winch was fixed to fcrew it up;
at the part where the vent is generally placed, a circular hole
with fpiral fides was drilled ;% of an inch in diameter, to
which three fcrews were fucceffively applied ; the firft exadly
clofed the opening, and confequently forced all the fired
powder to pafs through the muzzle. The fecond had in its
axis a hole or vent ;% of an inch in diameter, through which a
part of the fluid might efcape; and the third had a vent of T‘-,f

o



"OF GUN-POWDER. 47

of an inch in diameter. ‘The mufquet thus prepared was
loaded each time with 10 drachims of fine powder put into
cartridges, and with an iron ball 13 oz. in weight ; the wads
were rammed down with equal force by the fame man,

The experiments began by firing the mufquet with the
fcrew that entirely clofed the vent; it was then fired with the
fcrew . inch in diameter; afterwards with that of ,%, and at
length without any fcrgw. The charges were fired by the
hot iron fcrewed into the breech: the objett was a plank
placed at § feet from the muzzle of the muiquet.

The medium of the penctration of the balls in 24 rounds
is as follows : '

) Inches,
with the vent entirelyclofed - - - 6
In the dif- ) with the vent zof an inch in diameter - 8
charges } with the vent ;% of an inch in diameter - 65
with the vent 5 of an inch in diameter - 4

It refults from this experiment, that when there is no
vent lefs powder is fired, and that which does take fire burns
more flowly. If the larFe vent be left open, and a fheet of
paper firetched at 2 feet from it; the paper will be pierced full
of holes by the powder forced through the vent at the explo-
fion. Soldiers firing in line are often pricked in the face by
grains of powder driven with force from' the mufquets on
their left ; the common opinion that thefe grains are a part
of the priming is erroneous.

.

SECOND PART.

+Or TR Force or rirep GuN-POWDER.

112, I T was thewn in the former part of this work that
the principal properties of powder are fubje& to many mo-
jons, even in experiments conduéted with the utmoft

care; How much more important and frequent then muft
they be when powder is employed in military operations ;
where, from the nature of things, there can neither be fo
much attention paid to prevent irregularities, nor fo much’
accuracy
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accuracy in the conftru&tion of the machines. In calculat-
ing effeéts deducitle from phyfical caufes, a precife folution
of the problem ean never be obtained ; it is always com-
prifed within limits more or lefs diftant from the abfolute
truth, in proportion to the number of caufes that conduce to
the fame effect. Confequently in mcafuring the force of
powder fired for military purpofes, no precifion can poffibly
be expedted ; and from the naturc and number of adventi-
tious circumitances, the limits thut comprehend the folution
of the problem muft neceﬂ'ari]{ vary ; fometimes even a ge-
neral principle will be only applicable to particular cafes. Be-
fides, as artillerifts frequently prefer obfervations drawn from
prattice to rules deduced from theory, it is neceffary to divide
the problem into diftin& parts, and confider each of the con-
ditions feparately, in order to combine as much as poffible
theory with pratice. In the courfe of this examination we
thall prove, that this combination is in all cafes advantageous,
in fome indifpenfable.

Thefe preliminary remarks lead to the fubject of the chap.
ter. Since the inflammation of the grains, and the tota] de-
firu&tion of each is effected fucceflively, and in a time pro-
portionate to the quality of the powder, the fize of the grains,
&c. and finceon the other hand the force of powder depends
principally on a permanent fluid gencrated at the explofion,
the clafticity of which is increafed by the prefenceof fire: it
follows that this force increafes continually from the inftant
that the inflammation commences, till all the powder be
confumed, and then is quickly reduced by the decreafe of
heat, to the fimple elafticity of the permanent fluid. There
is thena period when the degree of heat is moft intenfe ;
but this varies even in powder of the fame quality, when
fired under diffirent circumftances., As no general and
conftant law can therefore be eftablifhed, we muft be con-
tent with afcertaining the greateft degree of force in parti-
cular cafes ; which founded on certain data, may be ufefully
applicd to the various fervices of artillery. But that none
of the moft material points involved in the folution of this
problem may be pafled over in filence, nor any vain hypo-
thefes and chimerical fuppofitions formed ; let us in the firft
place examine the furce of powder in its moft fimple fiate,
that is, when reduced by the temperature of the air, to the
elaticity only of the permanent fluid, and afterwards in its
moft complex ftate, that is to fay, at the inftant of c(::rploﬁo;.

HAP.
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CHAP I

Tuz MrTHOD OF MEASURING THE DeNsiTY AND ELAs-

. TICITY OF THE PERMANENT FLUID, GENERATED
FROM FIRED POWDER, WHEN REDUCED TO THY TEM=
PEIRATURE OF THE ATMOSPHERE,

4. TO meafure the abfolute elafticity of the perma-
fient fluid, there fhould be no communication between the
powder and the atmofphere, either during or after the ex-
plofion. But it is impoffible to alcertain the exact dugree
of preflure of the fluid in a clofe veflel the inftant after the
explofion, as its force is then increafed by the heat that re-
mains in the veflel : nor can a more precife knowledge be
obtained by delaying the experiment, till the internal air
be reduced to the fame temperature with the external ; asa
part of the fluid is abforbed by the fmoke and vapour : the
abfolute force therefore cannot be afcertained, but the fal-
lowing experiment will give the moft accurate approxima-

tion,

Fic. VI. ‘This machine feparates as much as poffible,
the permanent fluid from the fmoke, fulphureous va-
pour, and caput mortuum of the powder, and diminithes
confiderably the action of the heat that remains in the
veflel. :

A A B B, is a cube of brafs, of which the two fides A
BB are cylinders terminated by portions of fpheres :
A A, is made to receive the fcrew EE of another
hollow cylinder EDDE. F G L are copper veflels
of different fizes, which fcrew on to BB; HIH
is a fmal! cylinder of brafs faftened to the cube A B,
by two fcrews H H; within it is a pifton K, nicely
fitted, which by means of the fcrew I, opens or fhuts
the plipe oo, pp, that communicates between A A,
BB. MN is a parallellipipedon of brafs fixed
to the cube A B by the fcrews M M, and the little

ipe ¢ ¢ correfponds to rr. SRS is another paralel-
'pipeSon of the fame metal, hollowed in the form of a
linder ; the opening ## is filled with a glafs veflel,
coptaining & coloured liqui:)r, the furface of which, &
. may
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may be diftinguithed through the glafs. At the upper
part of the parallcllipipedon is an aperture R, by which
the external air ¢omnfunicates with the infide of the
veflel. V W is a long glafs tube, open at both ends ;
it is attached to a plate of brafs X X which is faltened
to S R §, and graduated in the fame¢ manner as a baro-
meter: ygis afcrew made to turn very nicely in the
lower part S S of the parallellipipedon S R 8, by means
of which the furface & of the liquor contained in
the glafs veflel can be raifed or lowered at pleafure.
When S R S is faftened to MN N M by the fcrew 36
of an iron pipe 2, 3 fcrewed onto MN NM at 4, 4,
the hole R correfponds exactly with ¢ : 10, 12, 16 is a
folid eylinder of brafs, with a little cavity 12 to hold
the powder for the experiment; it is placed in the
- hollow cylinder ED DE, fo that its bafe 10, 10 refis
upon the ledge 11, 11,in A, 11, A: its diameter 17,
17 ought to be about 5 of an inch lefs than the interior
diameter 18, 18 of the cylinder EDDE: 5, 7,9 isa
piece of iron that fcrews into D D ar 7 7; the infide

. 1is fpirated to admit the ferew 8, 6, 8 at 5.

For the fake of making the experiment with more eafe,
the cube A B is faftened to a circular bar T T of any
metal, made 45 high as may be neceffary for the purpofe

. of applying the different veflels F G L and fcrewe?‘:m

:*-to a tablé or other convenient place at m m.—

115. For the experiment, apply RS to NN and fcrew
on the recipient FGL to BB, Place the cylinder
10, 12, 10 upon the ledge 11, 11, and having put the

roper quantity of powder into 12, fcrew the cylinder
DDE to AA. At g of the picce of iron g, 7,
g lay a thin fheet of lead, and when g, 7, g is fcrewed
on to D D let fall in 5, g a hot ball of iron, which will
be retained at g by the theet of lead. Inftantly fcrew
8,6, 8into 5 %y the handle 13, 13, fo that 8, 8 may
exadlly fit 14, 14; the point 6 puthes the iron ball into
the cavity 12 containing the powder, and g, g is exaétly
clofed by 8, 6 before the explofion can take place.
When the powder is totally confumed, draw back the
pifton K by means of the fcrew I which opens the pipe
e0. The claftic fluid generated at the explofion, foon
fpreads from the upper cavity into the pipe o0, pafles
through pp into B E B; thence rifing through r, r, ¢,

git
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¢ it paffes through the hole R inte the glafs veffel, and
prefles upon the furface & of the liquor contained in
it. This preflure makes the liquor rife fuddenly in
the tube V W, after fome undulations it fixes at a
height proportionate to the quantity of powder.

116. If the height of the water in the tube when the
undulations ceafe be remarked, and the machine remain in
the fame ftate, it will be found on obferving it, after equal
intervals of time, that the water continues finking; but lefs
after the fecond interval than the firft, and lefs after the
third than the fecond, till at length the alteration” becomes
imperceptible, except a very long interval be fuffered to
elapfe. At theend of twenty-four hours, the liquor remains
flationary in the tube, affeted like the thermometer, only
by heat.

y'I‘hefe: undulations arife from the fmoke of the fulphur
and the caput mortuum of the powder, having abforbed a
part of the elaftic fluid: the abforption is confiderable at
firft, but its effefls gradually diminith. On comparing the
‘height of the water when it becomes ftationary with its
heighth, when the undulations ceafed, the difference will
denote the quantity abforbed by the-fmoke, &c. If the inftant
the undulations ceafe, the communication between the upper
_ and lower cavities be clofed by the pifton K, the water ftops

fuddeniy, and never varies in height, unlefs affe@ed by fome
alteration in. the temperature of the atmofphiere; if, after
- fome time, the communication be again opened, the water
will fuddenly fink in the tube, becaufe the elaftic fluid con-
tained in the lower cavity, rifes to re-eftablith an equilibrium
_with that in the upper ane, a part of which has been aba

forbed by the finoke and caput mortuum.

117. It will pot be amifs previous to the experiment,
to make a fow phyfical obfervations on the effe@s obferved
-above, and givefome of the motives that influenced the par-
ticular conftru@ion of the machine. When the quantity
of powder confumed in the experiment is gy of what the
upper cavity could contain, if the cylinder E D E be taken
off when the machine is perfe&ly cool, the fmoke and caput
mortuum will be found attached to the upper part D D of
the cylinder ED E, and to the upper part 32 of the other
cylinder 10, 12, 10; the a&ion of the fire will have changed
the colour of the latter, from its extremity 12, to about one
third of its length, while no mark of the firc or finoke ap-

D2 pears
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32

at the other extremity A 10 A, nor in the recipient
;G“L‘. “This proves that when the communication be-
tween the two cavities by the pifton K is opened, the elaftic
fuid fpreads itfelf without mingling with the fmoke ; there-
fore, the finking of the furface of the water in the tube,
when the communication between the two cavities is open,
end its fudden fixation when it is fhut, can only be attris
buted to the abforption.of a part of the elaftic fluid, by the
fmoke and caput mortuum (116): it was neceffary then to
form a communication between the cavities, by this or fome
fimilar contrivance. '

If infléad of 3 of the powder that the upper cavity
could ontain ts be burned, the only difference will be,
ghat the mark of the fire and fmoke will defcend nearer to
the ledge 10, 11, 10, yet without entering the pipe oo.
‘But, if a much greater quantity of powder be ufed, a part
of ths fmoke will accompany the fluid into the recipient,
on the opening of ‘the communication, abforb a part of the
-fluid, and diminifh its preffure on the furface of the liquor.

The cylinder 10, 12, 10, is defigned to leflen the a&tion
of the-heat upon the fluid, and prevent the (moke from
penetrating into the recipient 3 for,

1. If the powder be fired in A 1r A inflead of 12,

* a partof the fmoke and caput mortuum, would readily
pafs through-the pipe oo into F G L, and not only

- abforb a“part of the elaftic fluid, but alfo clog up the
Piﬁon K when wanted to flop the communication.

7 2. The cylinder 10, 12, 10, increafing the fuper-
ficies of the upper cavity, and the fire aéting upon a
greater number of phyfical points, the heat being thus
communicated to a larger mafs'is lefs, as is fhewn in
the gft part, chap. 1. Co o

3- As the heat arifing from the inflammatioh of the
powder, and the hot ball is almoft entirely concentrated

~ in the cavity 12, D, E, and confequently a&s upon a

art only of the internal air and the elaftic fluld, it

. increafes the elafticity much lefs than it would do, if
communicated to the fluid and air contained in the
whole cavity. This is not only agreeable to the pre-
ceding theory of fire, but may be further proved b
this machine, in the following manner. Having di(y-
pofed all the parts of it properly, without putting
any powder in 12 open the communication, and tl':ltl
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.- fall into 12 ared hot ball; the heat expands the mir

+ in the cavity, and makes the water rife in the tube.
Having remarked its height, take away the cylinder
10, 12, 10, and repeat the experiment, the ball in
pafling through AD A to fall into A 11 A, rarifics
- the column of air that it contams, fo much that the
water riles in the tube 15 or 20 times higher, than in
the former expcrxmen' but defcends fuddenly, .and
fixes at a point only three or four times higher.

118. Having explained the conftrution of the machine,
the combination of its parts, and the cffeits that powdet
has on it, is neceflary to examine;

1. If the elaftic fluid can efcape. This may "be
alcertained, by condenfing a certain quantity of the.
air in the machine, and obferving while it is in that
flate, if the alterations in the height of the water in
the tube, and thofe in 2 thermometer placed near the
machme, differ.

2. The quantity of faltpetrc equal to the contents
of. the upper cavity to. the piftén K, and of the lower
one from K to the furface of the water contained in
the glafs veflel taken together fould beskaown. To
find this, weigh the quantity of water that will: fill the
two cavities : in our machine, it was equak twca6580
grains. Now as the fpecnﬁc gravny of. watef is.t0 that

offaltpctre as 10: 19, the laft torm 2 19 1958 16580

expref-
fes the quantity of faltpetre equal in- hulk t0 t.he con-
tents of the two cavities.
11g. To begin a courle of experiments put fo . fmall
a quantity of powder into 12, that the ﬂmpke will.not pafs
from one cavity into the other; then having preperly ar-
ranged all the parts of the machine, and. c,lpfedﬂnc com-
munication, drop the hot ball into the canal g,'g, where it
will be retained by the fheet of lead. Inflantly fcrew on
8,6, 8 which exaltly clofes up the canal §, g and puthes
the ball into 12 to fire the powder then open the com-
munication between the two cavities, and when the undu-
htions of the water in the tube fubfide, clafe it again.
When the water rifes in the tube, the furface & in the
glafs veflel finks: raife it by turning the farew y y, till it
reaches the point it was at before, in order always to preferve .

. D3 the
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the lower cavity in. the fame ftate,  Obferve the height
of the water in the tube V W, meafuring it from the fur-
face. & deduting the au%mcntation proceeding from the
attra&ion of the glafs. . The effe@ts of this attraltion are
known previous to the experiment, by noting how much the
water contained in the tube, is higher than the furface &
‘T'his experiment fhould be repeated feveral times in the
fame manner, with equal quantities of powder of the fame
quality, in precifely the fame ftate of the atmofphere, obferved
by a“ very accurate thermometer; and the elevation of
the water in the tube at each time remarked. Neither the
recipient FG L nor the cylinder ED E thould be ever
touched with the naked hand, but with 2 folded napkin, for
the contact even of a finger would in a fhort time excite a
degreeiof heat {ufficient to raife the water in the tube. Af-
ter feveral repetitions, take the mean height; thus the va-
rietics occafioned by the abforption of a part of the fluid, and
the heat remaining in the machine may be accounted for.
Call this mean height a, and the mean height of a baro-
meter. filled with the fame kind of liquor as the glafs veffel

a
A} the fraltipn X will exprefs the ratio between the elafti-

city of the fluid produced from the powder, and that of the
atmofpheric air.

$20. In fmall quantities of powder the praportion between
the faltpetre and the other ingredients may not be exactly the
fame as in a Jarger mafs; which in a feries of experiments
may caufe a confidetable variation in the elevation of the
water in the tube. To remedy this inconvenience, grind
fome faltpetre, fulphur, and charcoal (eparately ; weigh the
faltpetre and mix it with fuch a quantity of the other twa
ingredients as will moft quickly confume it. The mixture
need not. be granulated, as the elaflicity and denfity of the
fluid are the anly obje&s of refearch in this experiment 3 the
phlogiften being enly employed as the means of decompofing
the nitre.

s25. The claflicity of the fuid, though very much di-
lated in the two cavities is exadtly proportionate to its den-

, a
fity : shus the fraction " exprefling the elaticity =» will alfq

exprefs the denfity. Now fuppofing the contents of the two-
cavities
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19 X 16580
cavities taken'together =¢=

(138) = 31502 grains,
10 :

and the faltpetre made ufe of in each of the experiments =2}
n
then —‘- will exprefs the denfity of the fluid contaned in a

fpace=f. But the non-clattic fubflances =m which are in
the faltpetre muft be deducted from £, call their bulk=rm;
' ne
then f—rm will exprefs the quantity of the fluid, and }—-.--
-_ , : : —rm
will exprefs the denfity of the elaftic luid when confined in
the faltpetre. :
122. 'The fpecific gravity of the floid generated from
nitre is fuppofed to be equal to the atmofpheric air. Then
fince the fpecific gravity of air to (altpetrs is as 1 : 1520, and
the contents of the two cavities taken together are equal to 3
quantity of faltpetre=g¢, the quamit% of air in the machine
( Fig. 6.) capable of producing air effect » cqual to thatof the

fluid £~ m will be reprefented by the.expreflion :‘_. Then

1§20
Vi —m:l—z%;; and fubftituting in this equation the known

values c=31502, f=6 grains, n=-3-l-, that of m will be

=4 grains ; and as the quantity of elaftic fluid contained in
nitre is proportionste to its mafs (57), it will be expreffed by

the ratip £ ;"':;.of the mafs of faltpetre, It does not

follow, becanfe the fpecific gravity of this fluid 'is equal to
the atmolpheric air, that ir has all the other properties of: it ;
much lefs that'it Is pyre air : For it has been proved in the
formet part of this work, that the greater the rarefaction of -
the air, the more difficultly powder is fired. Now the elaftic
fluid generated fram the firft burnt grains not fupplying the
want of natural air, we mutt at lealt ajlow, that at the firfk
inflantof its generation it is deprived of the property which
the aerial fluld poffefles, of accelerating the burning of com-
buftitile bodies. .1t would be a refearch foreign to our pur-
poie, to enquire whether the claftic fluid does or daes net
acquire this property fome time after its produdion,
D4 123- In
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123. In the theoremf mm (121), if the known valoes
of ¢, », f, m be fubflituted, and r=%; that is to fay, if
the denfity of the non.elaftic fubftances be equal to the den-

fity of the fixed nitre,

f—’-u;'m=94'2 ; the denfity of the elaf-
tic fluid is then g42 times greater when inclofed in the fal¢.
perre, than when in equilibrio with the preflure of
atmolphere. '

124. The quantity and denfity of the elaftic fluid con-
tained in faltpetre being known, 1t will be eafy to find the
denfity of that generated from a quantity of powder fired in
a clofe veflel. -Suppofe the veflel be exprefied by a mafs of
faltpetre, the weight of which=Gj the daftic fluid will

{=-(§;_ the non-elaftic fubﬁam:es:-z—s(i, and their mafss:

3%I-G—(n.z). Thus G—gg‘:%, will be the yolume

of the fliid %

If the quantity of powder fired in the veflel G be expref-
fed by b4 p, where b denotes the quantity of fluid contained
in the powder, and p the fulphur, charcoal and fixed nitre;
and after the explofion, the mafs of non-elaftic fubflances
=g, then the volume of the fluid, after the powder is fired,

will be G—¢p. Now, if the value of this fluid wis:-%,

its denfity in the volume G—p4 would be to its denfity in
43G 2 ne _ nc . 43G e .
81 f—rm’ f—rm 81x’G_—q;"942'

436G 500G . .
942X g XG—4p-G—gp' But if the volume of the fluid

. . G ,. 500G _
be only b, then the proportion will be—3. b:: G’

'52_0," the denfity required. For example, fuppofe the vef-
il

the volume
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G be filled with war powder : From the compofition of
this powder =35, and a vefiel which could contain a quan-
tity of faltpere = G is filled with a quantity of powder

... 15G
weighing — o~ 5
nmemp—to about %: then b+p—4_b=%(-}; now  fub~
flituting in the place of 4 the numbers and values of G and p,

b b
‘%’3—; zf?_°7 = :::o —!92,.thatlstofay,thed§nﬁg

» and the value of ¢ is known by other expe.

15
of the fluid produced in the veflel G is equal in thig uﬁ; b
191 times the denfity of the fame fluid when its elafhc:ty is
equai o the mean preflure of the atmafphere. .
125. To determine the elafticity of the flnid gcnerﬂ&l
from a given quantity of powder fired in a clofe veffel, dte
of théfe two theorems e

1f,.996215 ; :d, ~996zS«x!n— —\/ mx m—x', ae

may be ufed : the firft when the denfity of the uid is icf.
than 20; the fecond when it exceeds 20: i the firft cafe, it
will- be fufficient to find, according to the method laid down
in the proceding pangnph -the value of, the denfity of the
fluid, then fubflituting this value in the place af »in khe ﬁrft
theomn, the preffure of the fluid againit. afupﬂ:ﬁuﬁs S

be exprefled in pounds. - [n the fecand theqrem,. mw of
m infert 942, which exprefles the denfity of the fluid' When
inclofed in the nitre (123) ;.and inftead of n, the value of
the denfity of the fluid generated from the nitre found as'in
theipreceding paragraph, Then the preflure of the clafticity
of the generated fluid on a fuperﬁcxel S mll be exprdfed in
pounds. -

-
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CHAP I

Trr MeTHODS OF MEASURING THE GREATEST FoRrce
or FIRED PowprRr AT THE INsTANT oF ExrrLosion
IN A VESSEL THAT CAN NEITHER INCREASE IN Sizx
NOR ALTER IN Form,

126. I F it be fo difficult to meafure the elafticity of
the permanent fluid in its moft fimple ftate, how little rea-
fon is there to exped, that its force at the inftant of explo-
fion can be alcertained with precifion, when the fiuid is
greatly complex, and when from various caufes, its elafticity
may be increaled or diminifhed. In fa&, it is impofiible to
define either the quantity of fluid generated at each inftant
of the inflammation, the intenfity of the fire, or the manner
in which it fpreads and propagates itfelf among grains of
different kinds of powder,. or even of the fame, when ufed
under different circumftances ; the degree of rarefattion in
the common air contained within and between the grains,
the clafticity of the fmoke, and the increafe of elafticity in
the permanent fluid arifing from the preflure of the fubftane
ces, relatively confidered as non-elafhic, when expanded by
the adlion of heat, are equally unknown,

‘The folution of fo involved a problem would feem to fur-
pafs human fkill, fince from the thort duration of the phee~
nomenon, the numerous circumitances that affeét it cannot
be analyfed ; as no method can be devifed of afligning the
exact quantity and force of each, cither by feparating at the
inflant of inflammation the fmoke from the other parts,
preventing the expanfion of the non-elaftic fubftances, or
obferving the law in which the fluid is generated. The ut-
moft we can do is to alcertain the greate(t force refulting at
the inftant of inflammation from the reunion of all thefe
caufes, by the help of fuch principles as we may be able to
eftablith. To avoid entering into too lon(%a difcuffion, let
us fuppofe the powder to be fired in a vefle] fo completely
filled, that no void fpace be left, except the interftices be-
tween the grains. Therc are three different cafes in which

powder may be fired :
1. In
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1. In a veffel that cannot increafe in fize or alter
in form, with the vent clofed at the beginning of the
explofion.

2. In a fimilar veffel, with an aperture left for the
dcape of the fluid. :

3. In a veflel which by the force of the explofion
expands or increafes in fizc, and gffords an iffug to the
fluid.

It is evident, that on firing equal quantitics of pow.
der of the fame quality, in veflels perfectly equal in
every refped, the degree of force will be greater (113.)
in the firft cafe than in the fecond or third, and in
the fecond than in the third. )

127. The firft cafe can never occur in the ufes to which
wwder is applied in military operations. ‘The fecond hap-
ns fometimes in the chambers of mines, where the fur-
unding fubftances do not yield to the explofion; and in
ells and grenades, whofe refiftance is fufficient to put
em in equilibrio with the a&tion of the powder, The
ird cafe arifes in the chambers of mines, made in fub-
inces fufceptible of impreflion, and in fire-arms loaded in
£ cuftomary manner.

The principal methods of meafuring the greateft force of

‘ed powder in the fecond cafe will be treated of in this
wipter, and in the fubfequent ones, the method of mea-
ring it in the third cale: confining our obfervations
swever to its effels on fire-arms ; fince in the third book
7 Military archite@ture, and in the Treatife of Artillery,
e ;splication of powder to mines is amply difcuffed.
128. To meafure the preateft elafticity of the fluid pro-
iced from fired powder, it may be compared with the three
llowing refiftances, the weight, cohefion, and elaflicity
* bodies. It has been found from experiment, that the
‘esteft clafticity of powder fired in an invariable vefiel, from
hich the elaftic fluid can efcape by the vent (126. Ne 2.)
equal to about 1800 times the mean preflure of the at-
iofphere : the machines therefore for meafuring the greateft
wee of different powders (40.) muft be capable of a very
reat refiftance, and the weight to exprefs the force, very
mfiderable, which renders it extremely difficult to conftru&
ich complicated machinery, with the requifite exaGnefs
nd aeeyracy. '
129. If
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129. If to reduce the weights, or ﬁmpli}’ly the machinery,
the quantity of powder be lefs than the veflel could contain,
the qﬂuid produced at the commencement of the inflam-
mation, being diffufed through the whole veffel, will not
be expofed to the fame degree of heat, as if the veflel were
full, and the powder burning in each point. Thus with
equal quantities of powder, the elafticity will be in propor-
tion to the fize of the containing veflels ; and in veflels of
equal contents, in ‘proportion to the quantity of powder.
‘Therefore, to afcertain the greateft elafticity from the effells
of a fmall quantity of powder fired in a large vefil, it will
be neceffary to repcat the experiment with different quan-
tities of powder, till the maximum be difcovered.

130. The form of the veffel (hould be fuch, as to admit
of the powder being fo collected, that the whole may take
fire in the thorteft time poffible, and act inftantly upon the
furface of the refiting body, whofe motion is to de-
termine the preflure of the fluid: For if it be not in conta@
with the mobile, inftead of an a&ion of preflure, it will be
an ‘aftion of impulfion, and the force ccmmunicated will
be much greater, than is the prefent object of this refearch:
to render the experiment conclufive, this circumftance muft
be carefully attended to. ' :

-131. In the common mode of proving powder with the
fmal]l mortar, the weight of a globe is oppoled to the explo-
fion: but this method cannot afcertain the greateft elafti-
city, for the globe being proportionally too light, is put in
motion before the full force of the powder is produced.

The eprouvette, is a vertical machine invented long ago,
for comparing the force of different kinds of powder b
means of weight. But to afeertain (Fig. 7.) the greate&
clafticity, the weizht Q M N Q S ought to be much heavier
than it generally is; it thould only yield to the impelling
power when the elafticity is at its highcft degree, and be
taifed juft enough to thew that it has given way to the a&ion
of the fluid. The weight may be increafed or diminithed
at pleafure, by making it hollow in QS Q_and putting in
any heavy fubflances that can be 'uniformly arranged, as
fmall fhot, &c. which will preferve the centre of gravi
in the vertical axis S T of the cylinder: at the fides of the
eprouvette two channelled uprights fhould be placed fo that
when the body Q M N Q_is raifed, the teeth L L may flide
perpendicularly in the grooves.

132. The
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- 132. The theorem gg62 n S=P where n exprefles the
elafticity of the fluid, and S the furface alted on, fhews that
if in this eprouvette the diameter EF of the cylinder be
5 Of a foet, S will be =,7¢: then fubftituting 1800 in the
place of 7, g962 1 S =942 x 1800 X +yr= 23048lbs : the
weight Q M N Q_fhould not be lefs, that it may juft yield
to the altion of the fluid in its highelt ftate of elafticity;
but as fuch a weight is very ponderous and unmanageable,
it may be meafured by a lighter mafs, by leflening the value
of S without diminithing the fize of the cylinder, as follows :

133. In the eprouvette A B C D, make a hollow cylinder
CI ?D of fuch a depth, (Fig, 8.) thaton applying the fcrew
G CPDH of afufficient length to refift the greateft efforts
of the powder, the height G I of the fpace IKG H be
nearly equal to the diameter G H. In the centre of the
fcrew drill a cylindrical canal O P, and introduce a pin
of polithed iron of the fame form, fitting fo exa&lytia.t
the fluid cannot pafs between it and the fides of the canal,
with a ledge at P to prevent its falling into the chamber
where the powder is lodged; the axis V P of the cylinder
being vertical, place upon the head of the iron pin a weight
of which the centre of gravity is in the axis V P with teeth
to flide up and down in the grooves of two uprights parallel
to VP as in (Fig. 7.) Having filled the fpace GIK H
with powder, and applied fire by the vent X, the .caftic
fluid alting on every point of the fuperficies, will raife up
the pin O P, and confequently the fuperincumbent weight ;
which may be increafed or diminifbed (131) til| the force
of the powder be only juft fufficient to raife it. The height
to which it is mifeg, will {hew the preflure of the fluid,
for the weight being expreffed in tpounds, the value of §
is equal to the bafe O in the pin OP, Thus the value
of = exprefling the elafticity of the fluid may be eafily

1 ?4 There are different methods of afcertaining the great:
eft force of powder, by the cohefion of the conftituent parts
of bodies. For example, fill with powder a cylinder of
homogeneous mctal, the fides of which are of equal thick-
nefs, fecure the ends fo firmly with firong fcrews that
they will refift the utmoft force of the fluid, and fet fire to
the powder by a {mall vent made in the middle of the length
of the cylinder, that the inflammation may be as fudden ahd
general as poffible, The veflel will then burft longimﬁi.-
‘4 natly
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nally, and the equilibium between the refilance of it
fides, and the greateft elafticity of the fluid will be known.

The theorem for finding this equilibrium is 9962 wr =mg
where r reprefents the radius of the cylinder, m the thick-
nefs of the fides, ¢ the number qi,pounds requifite to make
a breach of a foot in length, whatever be the cohefion of
the metal that the cylinder is made of. Now as r and =
are known quantities, and the value of ¢ may be known
by experiments on the pieces of metal broken off from the
cylinder, by fubflituting them in the theorem, the value
of » which expreflfes the greateft elafticity of the fluid will
be found. It may be obferved, that thefe experiments fuc-
ceed better, when the cylinders are at firft thicker than
neceffary, and are thinned a little after each difcharge, till
they are fo reduced as to yield to the explofion of the
powder,

135. With the following machine, the elatticity of pow-
der may be meafured upon the principles of cohefion. AB
CD is a cylinder of bronze or iron,  (Fig. 9 and j0.)
within which is a cylindrical cavity E F G H to contain the
powder, it can be clofed by means of the fcrew LE F K equal
in length to about 3 of the diameter E F, and perforsted with
the vent L M. Put into a cylindrical canal made at G H an
iron pin O P well tempered and polithed to prefs perpendi-
cularly on apiece of tempered iron QQ, S8 is a bar of
iron thinner in the middle XY than at the extremities,
which are pierced with two holes, 8, 8, to admit the iron
legs RT, firmly united to the cylinder ABCD. Below
the iron bar is laid a plate of lead W W, covering another
bar of iron V V, and the whole is firmly fcrewed together
by the nuts Z Z. On fetting fire to the powder inclofed
in the fpace E F G H, the inflamed fluid prefles on the head
O of the pin OP, and confequently on the piece of: iron
Q.Q, which refting on the thin part of the bar § S, endea-
vours to break it; which it effets when the a&tion of the
powder is greater than the refiltance of the bar. The plate
W W and the bar V V ftop the iron pin O P when the
bar is broken ; thus E F G H is altered as little as pofiible.

Repeat the experiment with an equal quantity of the
fame powder, but make the bar S S at each time of a diffe-
rent thicknefs in X Y, till it yields with great difficulty to the
a&tion of the fluid ; then apply a bar equal in thicknefs tothe
1afty and raifing the machine by the trunnions 10,10, faften

it
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it at a proper height ; fufpend from oo by the hooks 12, 12,
and the chain 11, a bafonloaded with different weights till
the bar breaks. The weight neceffary to overcome the co-
hefion of the bar §S being thus known, in the theorem
396218 =P put its value exprefled in pounds, and fubftitute
m the place of S the value of the pin O P, then the value of
» will be found.

136. This machine may be combined in another manner.
Inftead of the canal O P, ahd the other parts placed below
CD; 2, 3, is a cylindrical cavity, which is exaétly filled with
an iron pin 2, '3. in conta& with an iron plate, s, s, let
into the thicknefs of metal of the cylinder, the exterior fide
of which, 4, 4, is even with the fuperficies of the cylin-
der. 6, 7, isan iron ring which goes round the cylinder
ABCD, fiting it exadly oppofite to 2, 3, and fo pro-
portioned that the interior furface touch the plate of iron
4y 4. After each difcharge, the ring is filed in the part
7, 7, till it gives way to the aflion of the powder; taking
care to place the machine contiguous to a folid body, that
it may confine the plate 4, 5, and 2, 3, after breaking the
ring, for reafons already pointed out. The proper thick-
nefs for the rmg having been determined, find the weight that
can break another ring of the fame metal and equal to it in
thicknefs ; forthis purpofe, apply the ring to a fhort cylinder
of hard wood of proper dimenfions; let the plate 4, 4, be
longer than the wooden cylinder that the iron hook O, 11,0
may be hung on the ends. Make ufe of the .fame plate,
4+ 4, and the fame ring, that the part which prefles the

" ning may not be altered in form from the adion of
the weight that is to break it. When the weight = P is
thus found, to know the elafticity = »; a particular the-
orem muft be conftru@ed, in which muft be inferted the
values of the pin 2, 3, of the radius of the interior circum-
ference of the ring, and of the thicknefs of metal at the part
where the ring broke.

137. Itrefults from thefe experiments (133,134,135) that
if a veflel be filled with fmall-grained powder without being
comprefled, the greateft elafticity=» will be equal in dry
weather to 19co hundred times the mean preffure of the at-
mofphere, and only 1400 when the air is much loaded with
vapour ; powder is therefore a kind of acrometer.

1athis machine the diameter and height of the hollow cy-
Tinder were each - an inch, and the contents about Edrs.

rom
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From the principles eftablithed in the former part of this
work, it may beinferred that by increafing to a certain point
the fize of the veflel, and filling it with powder without in-
creafing the fize of the vent, the claﬂici7 of the powder will
be much greater than that found by the laft experiments, as
the fire will be more intenfe, and lefs of the elaftic fluid in
proportion to its mafs will efcape. To afcertain to what
degree the elafticity will increafe when powder is fired in a
ve )with the vent clofed, a fimilar method may be ufed
111).

( Fic. ix. Perforate the fcrew IEFK with a canal LM, to
reccive the fcrew G&, which may be turned with velo-
city by the winch NN.  The fcrew G&, muft be longer
than the canal LM, that as foon as its head exa&ly
correfponds with the {uperficies IK, the point & whic
has been heated red hot, pafling through the orifice M,
may firc the powder contained in EFGH.

138. From thefe methods of proving the force of powder
by weight and cohefion, added to the obfervations on the fub-
je& in the Philof. Inftit. there will be no difficulty in apply-
ing clafticity to the meafurement of this force (127). A
fpring ftrongly bent oppoled to the movement of the iron
pin will fuffice for this purpofe ; but the greateft force of the
powder ought only to increafe the tenfion of the fpring enough
to make an impreffion on foft wax, or fome fimilar fub-
ftance,

139. We will conclude this chapter with remarking the
difference obfervable in the adivity of fire on burning
equal quantities of powder in veflels of different fizes. Fit a
fcrew EMNF to the part CDHG of the eprouvette, (Fig.
8.) and perforate it with a fmall canal TY ; at the bottom
of the fcrew make a cavity in form of a troncated cone
MRSN, and fill it with tin perforated through the middle,
fo as not to fop up the cavity TY : having clofed the vent
X1, and filled IKGH with powder, apply the fcrew EFMN,
and fet fire to the powder by T'Y, through which all the
elaftic fluid muft of neceflity pafs. On unfcrewing EFMN,
apart of the tin will be foundmelted. To collectthe quantity
melted in this experiment, a rough plank thould be placed about
a foot diftant from TY, and after the explofion, the melted
fubftance will be found ftickingto it. On burning the fame
quantity of powder in a veffel much larger, the tin will not
melt, and if it be burned in the open air upon a fheet of pa-

pery
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per, the paper will fometimes be but little-damaged. ‘This
difference of effe@s proves how much the activity of the firc
varies ; hence, alfo the elaflicity of the fluid muft have al+
tered very confiderably during the courfe of thele experiments.
‘This will explain the reafon why fire-arms foon become
heated, and the vents enlarged after firing feveral rounds
with wads ftrongly rammed ; while the fame cffeéts do not
take place when the wads are lightly rammed, though the
fame quantity of powder be ufed with the fame intervals of
time between the difcharges.

By the experiments with the fcrew EF MN, the metal beft
adapted for making bouches for guns might be afcertained.
Make a troncated cone of each of the metals intended to be
proved, and place it in MNRS; that which fuftains the
a&ion of the powder, with the leaft alteration, is the beft.

CHAP I

Or Tur MobiricaTioNs IN THE QGENERATION OF
THe eLAsSTIC FLUID IN THE cYLINDRIC Bore or
Firr-arMs, wHeN AN OBSTACGLE IS PRESENTED TO
IT's PASSING THROUGH THE MouTh of THR PiEck,

140. b & HEN the charge is not too fmall, nor the gun
too lang, the fhot in paffing from the chz:iing'cylinder'to the
mouth of the piece is impelled by frcth elaftic fluid, which is
cominually generating. This accelerated motion is the ef-
fec of the preflure of the fluid, whenever the thot has been
ﬂmnglly rammed upon the powder; when it encounters other
obftacles as in rifled barrels; or, when at the commence-
ment of its motion, the refiftance is equal or fuperior to
the impulfion of the fluid, which endeavours to expand itfelf
towardst he mouth of the piece. But if there be no refiftance ;
or only fuch as the impulfion can eafily overcome, as when
the charge is not wadded, or but flightly ; or when the wad
orver the powder is made of fubftances eafily penetrable by the
elaftic fluid, as twifted hay or firaw, the movement will then
bethe effe of impulfion. In the firft cafe the veloeity at
exch point of the length of the bore is in" the fubduplicate
ratio of the fuperficies, that expreffes the fum of the preffurea
in the fpaces paffed through b),'E the fhot; but in the fecobd
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it is compounded of this fubduplicate ratio added to the cons
ftant quantity commuaicated to it by impulfion. (Philof. In-
flit.) ‘The former as being of molt general ule (1c9) merits
the fir(t attention.

151. If the law of the generaticn of the fluid were con.
ftant, and the intenfity of the fire uniform, the fcale of pref-
fures might be eafily determined, and applied to fire-arms of
all calibres; but thele are fo modificd from a variety of
circumftances, that the r¢fult of all experiments affords a
folution adapted but to particular cafes. Before we defcend
to particulars, let us examine under a general point of view
the modifications that arife from the different degrees of
refiftance oppofed to the fluid; and adduce a few fimple
experiments to demonfirate thar the produ&ion of the fluid
varies according to the refiftance oppofed to its explofion.

142. Thele varieties arife not only from the mafs of the
fhot and wad, but alfo from their fri¢tion againft the partof
the bore contiguous to the charge. To increafe the friction,
th? make ufc of wads that enter with difficulty into the gun,
and are firongly rammed upon the powdcr. By thefe means
the powder is collected into a very {mall fpace clofe to the
vent, and burning with more rapidity, the force of the fluid
is greater; provided that a fufficient interval be left between
the grains for the propagation of the fire.

143. Scme dry reeds were cut into lengths and placed in
three rows, cach was numbered ; and No. 1 of the firlt row
was “of the fame length and diamcter as No. 1 of the other
two rows; and fo of No. 2, 3, &c. They were charged
with a quantity of mufquet powder equal to one diameter ;
thus the three of the fame number had an equal charge. A
bit of rag was lightly prefled into thofe of the firft row ; over
the fame kind ot wad a leaden bullet was put in thofe of the
fecond row; and into thofe of the third, a fimilar wad was
firongly proefied without a bullet.  The explofion burft all
the recds in the third, and more than half of thofe in the
fecond row; but thofe in the fir(t remained entire, though
they were fired four or five times in the fame manner. Ef-
fects almott fimilar took place in fmall tin guns } of a foot in
length, and cquul in diameter to a ball weighing 7. of an
ounce,

Now the only difference between thefe difcharges was in
the rcfiftance oppoled to the iffuc of the fuid through zhﬂ:
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mouth of the piece; the weight of the bullet in the fecond
vow, and the increafe of friction in the third making the
refiftance greater than in the firft : whence, the greater the re
fitance the greater quantity of the fluid is produced ; and it
may be further inferred from thefe experiménts, that the refift-
ance from friGtion may exceed the refiftance proceeding from
the Vis Inertie of the bullet. The ufual method of blow-
ing rocks, proves how powerful a refiftance friction prefents :
The miners after drilling a hole 6 or 8 inches deep, fill
about half of it with powder, and the remainder with earth
firongly comprefled; and fet fire to the powder by a little
fauciffon that pafles through the earth. The frition and
the adhefion of the earth to the fides of the hole are fo great,
that the powder not being able to force a paffage burfts the
rock,

144. In the preceding experiments it was proved .from
the refiftance of cannon, that the elafticity of the fluid is in
proportion to the obftacles oppofed to the explofion ; this
will be further demonftrated from the velocity of the fhot.

' F1c. XI. Takethree piftol barrels equal in length ;
let the bores of two of them be exaltly of the fame
diameter, but that of the third equal in diameter to the
other two only in the part AB, which contains the
charge, and diminifhing in diameter from B to C, fo
that the leaden bullet P cannot pafs into BC without
changing its form. To load this laft piftol, which we
will call No. 3. unfcrew AF, and holding the pificl
vertically, put in the bullet and as much powder as will
fill the chamber to A and all take fire ; then fcrew on

- AF: put into the other two piftols equal quantities of
powder of the fame quality, and bullets of the fame
diameter and weight as in No. 3; in No. 1. prefs a
wad lightly over the powder ; but in No. 2, ramdown
a very high wad, to touch the powder but not to com-
prefs-it fo as to diminith its bulk, which thould be equal
in the three barrels. On firing them againft the fame
butt, the bullet from No. 2 will penetrate deeper than
that from No. j; and the bullet from No. 3. much
deeper than that from No. 2.; the bullet of No. 3.
will penetrate as deep as a bullet fired from a piftol twice

- or thrice as long and charged as No. 1.

, 145. Having thus fhewn that alterations in the refiftance -

produce very confiderable nﬁodiﬁcations in the produétion of
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the fluid, 'in proof of which many other experiments mighe
be adduced, let us now examine them ; and for the fake of
rendering the refearch lefs difficult, fuppofe;

1. That the charge is always colleted together in
the fame manner at the bottorh of the cylinder ; the
gun always fired in the fame direction ; and the refitance”
oppofed to the explofion exprefftd by the weight of a
cylindrical body, of a calibre exaily fitted to the -bore
of the gun: then the refiftance will be in proportion to

- the length of this body.

2. That all the grains take fire, but are not totally
confumed before the refifting body begins to move;
which experience proves to be the cafe with moderate
charges, when a {ufficient refiftance is oppofed to the
explofion.

%m. XII. Let the part AE in the cylinder ABCD,

* clofed in AC, be filled with powder; and R exprefs
the refifting body contiguous to the powder in E. [f
all the elaftic fluid-be generated before the body R be-
gins to be fenfibly in motion, and in pafling from E to
B preferve the fame degree of heat; the preflure of the
fluid in AE would be the firongeft poffible. Exprefling
this preflure by the line EF, drawn at right angles to AB,
the preflures of the fluid in the fpaces AH, AG, Al,
will be exprefled by the perpendiculars HL, GM, IN,
&c. which with EF will refpeQively be in the reciprocal
ratio of the diftances AE, AH, AG, Al, and a line
pafling through the extremities F, L, M, N, O, will
be an equilateral hyperbola between the afymptotes AB,
AW ; fuppofing the fluid to be fubjeét to no other mo-
dification than expanfion. .

146. It has hitherto been fuppofed that all the elaftic fluid

is generated before the projectile begins to move, and that
the intenfity of heat caufed by the entire confumption of the
powder fuffers no diminution. But the fecond part of this
fuppofition is evidently impoffible, for in powder of a good
quality all the fluid is not difengaged before the whole of the
nitrous and combufltible particles are confumed, the heat muft
therefore decreafe, as foon as the fire is extiné, in proportion
to the expanfion of the fluid. Wherefore, the preflures in
the points H, G, I, K, will be neceffarily lefs than the cor-
refponding perpendiculars HL, GM, IN, KO, &c. The
firft pofition is only admiffible when the refiftance of the bRody

is
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R is equal to, or greater than the greatett preffure of the fluid
in A E: butif R be not capable of refifting the altion of the
fluid, it will begin to move towards B as foon as there is 2
fufficient quantity of elaftic fluid produced to overcome its
refiftance. Thus, not only the preflure on each phyfical
paint of the fpace ACE will be exprefled by a right line
fhorter than E F; but if the weight of R be fo diminithed,
that it makes the leaft refiftance poffible, the line that will
exprefs the preflure of the fluid when R begins to move, will
be the fhorteft of all the lines that can be drawn between E
and F.

147. The column of air contained in the bore of the gun,
and communicating with the external air, is the lcaft refift-
ance which can be oppofed to the expanfion of the fluid.

Now exprefling by E V the preflure of the fluid that begins
to move the refifting body, and by H T its preflure in the
fpace A H, the line H T will be longer than a fourth propor-
tional to AH, AE, EV, fince the fluid in paffing from
E to H is continually acquiring greater elafticity from the
fucceflive generation of freth matter. It will be the fame
with the lines that exprefs the preflure in the fpaces A G,
A I, &c. till the powder be entirely confumed: thus the line
V T § 2 pafling through the extremities of thefe perpendicu-
lars, will be a fcale to determine the limit of the weakeft
preflure that the fluid can exert in the fpace ABCD.,

148. But when the powder is entirely confumed, the pro-
portion between the lines that exprefs the preflure of the fluid
will be changed. Suppofe that all the grains are confumed
when the fluid reaches I, and that the preflure in the fpace
A1l be exprefled by I 2, this line will be neceffarily thorter
than IN; for according to fuppofition, IN reprefents not
only the effet of all the fluid, but alfo of the greatet degree
of heat that can be produced by the entire confumption of all
the combuftible fubftances: but in 12, if the mafs of the
fluid be the fame, the degree of heat is lefs, whence its elafti-
city and of courfe its preffure will be lefs : the fcale VT S 2
can never touch the hyperbola FLM N O, which may
therefore be confidered as the limit of the greateft preflure of
the fluid. When the fluid reaches K, the preflure K Q_will
be lefs than a fourth proportional to AK, Al I2; for
asno frefh fluid will be generated between I and K, and the
beat is decreafing, the elafticity will be lefs. At 3 and the
ether points in fucceffion, the fame reafoning will hold good.

E 3 The
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The fcale of preflures VT S 2 Q_P beginning to form a curv
at 2, the part 2 Q P will always approach the right line A
B, till the fluid be equal in elafticity to the atmoiphere; to
eftablith this equilibrium the gun would require to be of a
very great length, if no part of the fluid could efcape through
the vent., , :

149. The fcale will neceflarily diverge from V towards 2 ;
afterwards it will continue to diverge from, become parallel
to, or converge towards A B, according to the quality of the

. powder, and other circumftances that tend to modify its
effects.

150. A greater number of grains are confumed in A F, as
the refiftance of R is the greater (145); thus the heat being
increafed - in this part, .the powder will be confumed more
rapidly, and the, nearer to AE, will be the point where all
the combuflible fubflances are confumed. The true fcale of
preflures will then be between the afligned limits {147, 148,
149), without touching them, till the powder be totally con-
fumed. No general rule can be laid down for the proportion
in which the increafe of heat accelerates the burning of the
powder in pafling along the bore of the gun, from the many
circumftances that concur to modify its effelts, and the im-
poffibility of afcertaining fome of them. Vide 1t part.

151. The preflure of the fluid in A E being proportionate
to the refiftance of R ; if the weight of R remain the fame,
the preffure by which it will be fet in motion without regard to
the more or lefs rapid production of the fluid will not vary,
whatever be the quantity and quality of the powder.

152. But the prefiures in the fpaces AH, AG, Al
will be modified, not only by the quantity of elaftic fluid
generated in A E, but alfo by the quantity and quality of
the pcwder and the fize of the grains. Suppofe that the
charge A E has given a fcale of preflure XY Z (Fig. 13.):
reduce AE to KE and fill KE with powder of the fame
quality, and equally collefted as A E; there will be the fame
preflure E X, if R prefent the fame refiftance (151). But
in the fpaces K H;, K G, the preffures HL, G M will be lefs
than HY, GZ. This cquality of preflure E X in the two
charges ariles from the fame quantity of fluid being generated
in the two fpaces AE, K E before R began to move: if
no freth fluid were produced between E and H, fu;}foﬁng
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AE
EH=AE, and K E=——, the preflure of the charge AE
. 2 ~

in the fpace AH, would be to the preflure of K E in the

fpace H K as —2'-: %—:: 3: 2 fince the elaflicity is in
proportion to the denfity. But between E and H a frefh
acceflion of fluid is produced in both charges, and the greateft
?uxntity in the largeft charge; fo that the preflure of the -
mallet charge in K H will be proportionally lefs than the

preffure of the larger in A H; the fame mav be obferved of
GZ, GM. If, on the contrary, A E be increafed to E P,
and filled with powder of the fame quality, and equally
colleCted as before, the refiftance of R remaining the fame,
the preflure of the fluid E P will always be equal to E X;
but the preflure in P H, P G will be exprefled by HN, G O
longer than the correfponding lines HY, G Z.

153. On firing two powders of different qualities, A E
and R remaining the fame, the fcale of preflures preduced by
the firt kind of powder being X Y Z, that produced by the
fecond will Jikewife begin at X (151); but the remainder of
the fcale will pafs above or helow XY Z, according to the
rapidity with which the powder is confumed in equal times,
or to the greater or lefs production of the fluid.

154. From thefe remarks may be deduced the difference
between two fcales that exprefs the preflures of the fluid in two
guns of different calibres, charged with proportional quantities
of the fame kind of powder.

Fic. 14. Let ABCO, DHPM, be the cylindric
bores of two guns, the calibre D M of the one 7 the cali-
bre D B of the other : exprefs D M by D and DB by 45
then the refiltance of the fhot contiguous to the pow-
der in. N will be as D3 : 4%; and the charges HN,
CN will be in the fame proportion : the perpendiculars
that exprefs the preflures'! N V, N X, will beas D : 45
that is, as the diameters of the fhot. For the number of
phyfical points in the fuperficies of the fhot againft
which the elaftic fluid ads, is in the duplicate ratio of
the diameters, that is as, D? : 4%, thus, in the flate of
equilibrium NV x D* = D? and NXxd* = 4°;
then NV :D:: N X :4, and by tranfpofition NV : N
X::D:d But the ratio between the cosrefponding

E 4 ordinateg
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ordinates LI, L'Y will be greater than hetween N V,
N X; for fuppofing the fluid in the fpaces HP Ny
ACN to have the fame degree of elafticity, and the
freth fluid produced by the fucceffive inflammation of
the griins between N and L to be proportional to the
charges, a greater preflure would be exerted in HP L,
than in A C L, as the fluid is more denfe in the former
than in the latter : but the preffure in HP N is already
greater than in A C N, fince they are in the proportion
of NVto NX. Thusthe prel?:xres being greater, and
confequently the fire being more intenfe, a greater quan-
tity of elattic fluid will be generated in the larger cylinder
between N and L ; and at L its preflure will be-much
greater than that in the {maller cylinder at the fame
point; confequently the ratio of LIto LY, will be
greater than of N V¢o N X. This reafoning is equally
applicable to the point D in both cylinders: hence it
may be infefred that the point where the powder is to-
tally confumed, is under the preceding circumftances
much nearer to the place occupied by the charge, in

. guns of large than of fmaller calibre.

155. When the preffure EX is equal to the refiftance R
this latter may be exprefled by (Fig. 15) E X ; and will be
proportional to the height of the refifting cylinder (145, No,
1) in guns of the fame calibre, or to the diameters of the
fhot in guns of different calibres. With low wads not rammed
with force, the line X F Z exprefling the {cale of preffures
will from the beginning fenfibly diverge; but with wads
firongly rammed, the friction increafing the refiftance, the
fcale of preflures will be the line K H Y; in which the firft
preflure £ K is greater than E X, in proportion as the frition
of the wads exceeds their weight ; and all thefcale KH Y
will be farther diftant from the axis EG thanthefcale XF Z:
but though at the commencement of its motion KHY di-
verges more from E G than X F Z, yet it foon converges
towards it ; thus its greateft ordinate is much nearer the point
E, than the greateft orcinate of the fcale X F Z,

It would be too tedious to enter into a detail of the feveral
experiments that might be made in confimation of what has
been advanced fince the 150" paragraph; the reader by a little
reflection will readily difcern the principles on which our rea-
foning has been founded; and from the fequel, a fimple

pfactical
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pradtical method may be devifed of proving their force and
uftnefs.

g 156. Since the cylindrical bore of fire-arms fhould be in
equilibrio with .the action of the fluid generated from fired
powder, the thicknefs of metal muft at every point of their
length be proportioned to the ordinates of the {cale of preflure:
this may be reduced to the four following cafes ;

1. When the fcale is parallel to the cylinder, the
thicknefs of metal fhould be the fame throughout the
whole length of the gun.

2. The fcale may diverge from the axis AEG in
advancing from E to G ; or after diverging it may run
parallel to the axis; in both thefe cafes there thould be
the fame thicknefs of metal from the breech to the muz-
zle, fince the fides muft be in equilibrio thh the greateft
erdinate.

3. 1t may from the point E diverge from the axis to
a certain point, and then converge towards it; in this
cafe, the metal thould be of equal thicknefs to the point
of the greateft ordinate, with whlch it muft be in equi-
librio; thence it may diminith in thesratio of the cor=
refponding ordinates,

4. It may from the point E continually converge
towards the cylinder ; then the thicknefs of metal fhould
diminith propomonally from the breech to the muzzle.

157. The entire {cale of preffures can- be-deduced from the
thicknefs of metal only in the foyrth cafe; in the third cafe,
that part of the fcale only is knowh that conyerges towards
the cylinder; in the two firft, the gl’eate[t prcﬂ'ure of the
fluid s only pointed out.

158. In mufquet scharged with ﬁre-work fowlmg, or can-
non powder, and the wads well rammed, .the fcale of pref-
fures is found to correfpond with a@ual experiment in the
fourth cafe; and likewife in the third, if the wad he rammed
with lefs force; fince the greater this force, the farther from
E where the charge is lodged, is the greateft ordinate of the
fcale.

In the following chapter will be pointed out the method of
determining experimentally the feale of prcﬂ'ures in fire-arms
of all calibres,

CHAP,
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CHAP. 1V,

Or tHE INrtTiAL Vevocrry or PrejrcTILEs, ans -
THE LAwW UNDER WHICH THEY ARE IMPELLEP
FRoM Fire-ARMS oF cyrLinpric Borks.

I 150 THERE are three methods of determining thg
initial velocity of projectiles: by deducing it from a know-
ledge of the line they defcribe in their flight; by meafuring
it inftrumentally near the muzzle of the gun; or by a third
mode, which may be adopted whenever the thicknefs of
metal is proportional throughout the length of the cylinder
to the preflure of the fluid. The firft method has been
already treated on (Fhilof. Inftit, ) and there will be occafion
to mention it again in the following chapter ; the fecond and
“third will be for the prefent the objeils of confideration.

160. BenyamIn Roszins, an Englith Engineer, was the
firft perfon who thought of applying inftruments to meafure
the initial velocity of a ball of fmall calibre, near the mouth
of the gun. His method confifts in firing againft a pendu-
Jum, moveable upon its axis of fufpenfion, which defcribes
an arch proportionate to the thock of the ball. The exa&
meafure of the chord of thearch, the weight of the ball and
pendulum, the centre of gravity and ofcillation, and the
diftance from the axis of motion to the point of impa&t, thew
the abfolute velocity with which the ball impinged on the
pendulum, .

-'F1c. 16. To apply this infirument C F. for meafur-
ing the initial velocities of balls from mufquets or wall-
picces ; it fhould be made of iron, and hung at right
angles to the axis of fufpenfion A B, which muft be

. about a foot in length; to DE is fcrewed a plank of
about nine inches {quare, and of fuch a thicknefs that
the ball cannot penetrate to the iron. For the ex-
periment, the pendulum is fufpended (Fig. 17.) from
a triangular frame; underneath it, is placed a piece of
wood cut in the arch of a circle, of which the circum-
ference is defcribed from the centre C with a radius
greater than CE ; and in the planc of the vibrations of

the
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the pendulum, 4 ftylette F is faftened in E, to trace upon
the fine duft, with which the circumferene GK H is
covered, the arch defcribed by the firft vibration of the
pendulum. Inftead of the arch of the circle, Rosins
ufed a ribband attached to E, which the motion of the
- pendulum drew between two iron plates fixed to a wooden
bar that was between the legs of the frame, and mea-
fured the arch defcribed by the pendulum, by the
length of the ribband drawn between the plates.
161. The inftrument being placed as above direfted, if
we know ;
1. The weight P of all the parts of the pendulum,
2. The diftance from the point C in the axis of
quEenﬁon or motion to the centre of gravity L, or
CL=a.

3. The diftance from C to the centre of ofcillation
M, or CM=d. .

4 The length CF=4 of the radius with which
the arch G K H is defcribed. :

5. The weight of the ball =¢.

6. The chord of the arch = ¢ defcribed by the
firft vibration of the pendulum, and meafured upon
G K H ; then the motion communicated to the pendu-
lum, and confequently the velocity with which the ball
impinged on it will be found.

Find the diftances C L, CM.: it is proved, (Philof. Inftit.)
that the vis inertiz of a body moving freely round its axis,
is equal to the produé of its weight multiplied by the
diftance from the centre of gravity to the axis of motion,
and by the diftance from the centre of ofcillation to the fame
axis; and the quantity of its motion is equal to the produ&
of the vis intertiz multiplied by the velocity of the pendulum,
which is equal to the fquare root of the verfed fine of the
arch defcribed by the centre of ofcillation.

Fire a ball againft the centre of ofcillation M. To find
the velocity communicated to this point, make the propor-

tion b:c::d: ‘—:, the laft term is the chord of the arch de-
feribed by this point : The verfed fine of which is ;Tf’ and
the uniform velocity of M during one fecond will be
/64.136.c*d

Vérvrams
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Sy 36.¢ ﬂ’____; V/ 32.18 4 (Philof. Inftit.) which muk

26"
tiplied by the weight of the pendulum and ball, fince this

does not rebound, i. e. by Pad+ gd*, will give% x Pad+ ¢

x4/ 32.18d for the quantity of motion. Let # be the
uniform velocity with with the ball impinged on the pendu-
lum ; as from the moment it entered the pendulum, it fol-
lowed the dire&tion of its motion, u¢d* will exprefs the
quantity of the motion of the ball: thus in a flate of

equilibrium uqd“ =-§ x Pad+4¢d* /32. 184, and u =

Pa+qd . 184
= 5‘;; pdv 321 will be the velocity fought.

162. In the fecond place, let the ball firike a point D, not-
in the center of ofcillation: (Fig. 18) then if £ exprefs the
perpendicular diftance from the point D to the axis of mo-
tion, and x the uniform velocity of this point, the quantity

of motion of the point D will be x x Pad+¢f®, and if the
ball impinged on the pendulum with the veloaity «, its quan-
tity of motion will be ug/*. Then the equation will be

Pad +4/*
motion of a pendulum is as great, as if its whole mafs were
united to the centre of ofcillation, and as this centre changes
whenever the ball impinges on any other point ; by exprefl-
ing its diftance from the axis of motion by the vis inertie
Pad + ¢f* divided by Pa + ¢, the diftance of C G from
the point G taken as a new centre of ofcillation to the axis

Pad + ¢ f* .
m—- But the radii CD,

CG, are proportional to the velocities of the points D, G,
fince they defcribe the archs D O, G H in the fame time ;

thchD:CG:f:ng—-iZ—%;

_29S" s to the velocity of the point
Pad+¢f° e po

G="4 - =% GT
Patg V' 64.36G1 where G I exprefles the

verfed fine of the arch G H. To

xx Pad+ ¢ft*=ugf*yand x = Now as the

of motion will be CG =

as the velocity of the

pOintD:.x:
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To find the velocity » with which the ball impinged on

1e° pendulum, another value of v/ 64. 36 GI mult be

wught : As the chord = ¢ of the arch FGH defcribed by
ae fylette, and radius CF = b are known, the verfed fine

£ this arch will be ;_b. Then radius C F is to its verfed

ne a8 radius C G is to its verfed fine G I or
‘__c_’_ .. Pad + qf* . ¢ x Pad + ¢f*
“2b " Pa +qf 26* " Pa +g4f °
od thus the uniform velocity of the point G will be ex-

refled by ‘//64.36& xFad+¢f* ; and on com-

25* Pa +4f
aring the two expreflions of thefe velocities
s+ qf b Pa +4¢f

/32 18 x Pad + 7/‘; q;' Pat e/ the velocity fought.

163. The weight and length of the pendulung fhould be
xh tzhat its vibration may not defcribe an arch of more than
ve.degrees; and as.the balls fired into it increafe its weight
nd alter the centres of gravity and ofcillation, the,values of P,
y 4. fhould be correted after each difcharge.

164. Stc. MaTTEI, mathematical inftrument-maker to
1¢ King, has invented a machine for finding with facility
te initial velocity of balls meafured near the mouth of the
an. :

Frc. XIX. A B isaliorizontal wheel with a vertical
axis CD tumed by the weight Q_, appending to the
rope G G andraifed by the winch N. It may be turned
in'any othermanner, provided that its motion be perfettly
uniform and rapid. AE, BF is a circular band of
writing paper about 6 inches high, fixed round the cir-
cumference of the wheel. The gun for the experiment
is immoveably fixed at 20 feet diftance, and pointed fo
that the axis of the gun produced would pafs through

.. the points H, K, the exa&t diameter of the wheel. R

isa
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is a block of wood placed two or three feet from the
wheel to receive the balls; it is of elm, that the pene-
trations may be uniform.

In ufing this machine it is requifite to afcertain when the
motion of the wheels is equable, and how time long it takes
in each revolution ; for this purpofe variots expedients may be
devifed. At T'urin we fitted a little excentric wheel I LL to
the axis CD, which at each revolution gave a vibratory
horizontal motion to a tongue of wood at the extremity of
which appended a common pendulum that was fhortened or
lengthened till its vibrations were ifochronous to thofe of the
tongue : the length of the pendulum will fhew how long the
whecl is i making each revolution.  So foon as the ifochro-
nifm between the pendulum and the tongue is eftablithed,
fire the gun and ftop the wheel ; the two holes made in the
rim of paper by the ball, will be eafily diftinguifhed from
each other by the edges being turned to the point that the
ball went out at. Stretch a thread in the diretion MR,

fling through the centre of the hole H where the ball en-
tered the paper.  The diftance of the other hole K from the
point B will be then known : this diftance thews how much
one point of the wheel turned, while the fhot was traverfing
the diameter A B.

~ 165. If the mechanifm and ufe of this machine be well
underftood,’ it will be eafy to find the uniform velocity with
which the fhot paffes through the diameter A B of the wheel,
and confequently its uniform velocity during one fecond of
time. Let D be the diameter of the wheel, ¢ its circumfe-
rence, ¢ the time that the wheel takes to make one revolu-
tion, m the diftance that a point of the circumference of the
wheel turns, while the fhot is traverfing the diameter ; then

CD
m:D::C: — the laft term will exprefs the fpace paffed

through by the fhot with an uniform velocity during one re-

volution of the wheel : then exprefling by « the fpace that the

thot paffed through with an uniform velocity in one fecond,

or its initial velocity, #:1:: E-D—; C—Q-; the laft term=g«
m tm

will exprefs the velocity fought. With this machine, when

the wheel turns with an equable motion, ¢= % of a fecond,

D=
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D =10 feet, and confequently c=22 : 19, then fubftitu-

ting thefe values in the expreflion of the velocity,

%:u; if the value of m be the fra&tion of a foot, the

velocity # wil be exprefled in feet. For inftanice, if m be
found experimentally=$} of a foot, then 1571 feet will be
the value of «.

166. This machine was ufed in making the following ex-
periments which lead to the folution of feveral very impor
tant problems in the theory and practice of artiliery,

1. The firft gun was s ft. 6 in. in length of bore,
and the weight o%‘ieaden bullets was 2{ oz.

2. The fecond was 5 ft. 1o in, in length of bore;
and the weight of bullet 3% oz.
3. Anrificd barrel 3 ft. 5 in. in length of bore, and the
weight of bullet  oz. .

4. Several mufquet barrels of different lengths; the -

~ leaden bullets weighing 1 oz. -

The powders were thofe defcribed in the fortieth paragraph.
the wads were of parchment torn in feveral places, that they
might not damage the rim of paper faftened round the cir-
cumference of the wheel ; and lightly compreffed by the fame
man. During thefe experiments particular attention was paid
to moifture of the atmofphere, as its variations fenfibly affect
the force of powder (137).

167. The following is a table of initial velocities deduced
from experiments with a mufquet 3 ft. 6 in. in length of bore,
under three different ftates of the atmolphere,

Verocity OBSERVED.

The charge of Very moiit Underamean Verydry

Powder was Weather,  fate of theat- Weather.
7 drams. mofphere.
Feer. Feer, Feer.
Common War Powder 1392 — 1542 =— 1618
Fine Ditto —_— 156 — 1736 — 1829
Fowling Dito — 1566 — 1703 — 1784
Fire-work Ditto — 1 566 = 1706 — 1779

Befide
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Befide the obfervations on the hygrometer it was remarked,
that when atmofphere was very much loaded with vapour, thg
bore of the gun was fo moift five minutes after the explofion,
that the fixed nitre fell in deliquium; and the tow ufed in
cleaning it, was covered with a number of faline particles; but
on a dry day no moifture could be perceived after an interval
of feveral minutes, and the tow came out almat unfoiled. It
refults from thefe experiments,

1. That the velocities of fhot in very dry weather
exceed by nearly 3 the velocities, when the atmofphere is
loaded with vapour. .

2. That fine war powder produces in mufquets the
greateft effect that can be obtained from a combination
of faltpetre, fulphur and charcoal. 1t is effential to”
add, that with the fame kind of powder, the velocities
were nearly equal in moift, heavy weather; under 2
.mean ftate of the atmofphere they varied about 1% in
the 100; and in very dry weather, their difference

. amounted-to 4 in the 100.

168. The following experiments made with guns of dif-
ferent lengths and calibres, under a mean ftate o%uthe atmof-
phere are a proof that fine war powder is the firongeft.

Nature of Kind of Weightof Initial
Guns. Powder.  Powder.  velocity.
Fine W PO‘VderDmrbm:. anr.
. ine War —_

A l\furq‘;fto’f-&l;o:: . {F owling Ditto ; —_ xgg;

engt * Fire-work Ditto — 1372

Fine War Powder 7 —  19%6

Rifled Carabine - {Fow]ing Ditto — 1920

Fire-work Ditto 7 — 1934

A Wall-piece carrying (Fine War Powder 20 — 1956

a leaden bullet, in {Fowling Ditto 20 — 1928
wg;igbt 24 o{z. 6 Fire-work Ditto 20 — 1923 |

A Mulquet 3 ft. 6in, in{ .. .
. lengt(lll of%ore. {F ine War Dito 7 =~ 1736

The experiments with a mortar made by Major RonzInt
in the month of Auguft 1761, likewilc prove the excellence
of fine war powder. The proportions of the mortar were
very exact; it was laid at 45°, fixed in an iron bed weighing
616 b. and projeted an iron fhot 271b. in weight, the

chamber



FIRED GUN-POWDER. 85

chamber contained one ounce of powder, the fame charge

was ufed each time without a wad, that there might be

tin[uz leat difference poffible. The following table thews the
ult.—

Kind of Powder. Length of Range
. ) Yards.

Mufquet Powder s 24.;

Fine War Ditto — 298

Fowling Ditto - 294

Fire-work Ditto — 206

169. To afcertain the effet that a difference in the weight
of fhot and windage have on the velocity, three bullets
were fired from a wall-piece, and two from the mufquet 3 ft.
6in. in length of bore. The firft bullet with which the
wall-piece was loaded weighed 3} oz. the fecond weighed
3o0z. the third was equal in diameter to the firft, but equal
in weight to the fecond, a fmall pebble having been put into
the centre when it was caft.

The mufquet bullets were 1 0z. and } oz. in weight: in
order to have a third kind, cartridges like thofe ufed by the
Infantry, which drop without ramming to the bottom of the
barrel when the mufquet is clean, were made with carabine
balls.

The wall-piece was charged each time with 23 drachms,
and the mufquet with 7 drachms of fine war powder,
The experiments were made under a mean ftate of the at~
mofphere, and the following table thews the refult.

Balls, Initial Velocities,
Feet.

Firft kind — 1770

. Wall-piece { Second ditto — 1855
Third ditto —_ 2068

Firft ditto — 1736

Mufquet. Second ditto — 1834
Third ditto —_ 1863

In thefe two cafes, the initial velocities of the fhot of the
focond kind exceed thofe of the firft, though a greater quan-
of the Auid muft neceflarily have efcaped owing to the
mgn and the fhot of the third kind from their greater
F diameter,

-
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diameter and lefs weight have a ftill greater initial velo-
city. ’

170. The following experiments made under a mean flate
of the atmofphere, fhew the initial velocities of fhot impelled
by different charges of fine war powder.

Weight of Powder.  Initial Velocities.

Dyackmns. Feer.

Mufquet, length of{ 5 - 1399

bore 3ft. 6in. ’g — ’ 19§4

‘Wall-piece, weight { :é% - ;gog
of bullet 2§ oz. 25 - 2020 .

A mufquet fired with the ordinary charge of 7 drachms of
powder does not range fo far, as if the charge were larger ; but
as the barrel would foon become too hot, the fmaller charge is
preferred. From the experiments made with the mufquet
(167, 168, 169,) it will be ealy to deduce by analogy, the velo-
cities of other fire-arms difcharged in very moitt or very dry
weather. For example, to know the initial velocity of a thot
from a wall-piece fired in very dry weather, with acharge of 2§
drachms of fine war powder : as 1:sinitial velocity under a mean
ftate of the atmofphere is 2060 feet, and that of the mulquet
1736 feet; and the initial velocity of the fame mufquet in very
dry weather is 182 feet, by making a proportion of thefe values
1736 2060 :: 1820 : 2245 feet, which is the velocity of the
wall-piece in very dry weather.

171. Since the inital velocity of fire-arms of all lengths may
be thus found, it will be cafy to afcertain the feale of preflures
which the elaftic fluid exerts upon the thot in different points
of the bore of the gun. For this purpole, fire three or four
guns differing in length but equal in calibre, charged with
the fame quantities of powder: having meafured the initial
velocities of the (hot, fet off from A to R (Fig. 20.) on the
line A R the lengths of the guns taken from the part of the
cylinder wherc the fhot is lodged to the mouth of the piece ;
and fuppofing A C to be the length of the fhorteft gun; A D
that of the fecond, and A B that.of the longeft ; make the per-
pendiculars CE, DF, BG equal to the initial velocities of
the refpeStive fhot; then a line pafling through the points
A, E, F, G will be the feale of velocities in the fpaces AC,

AD
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A D, A B, which the thot has pafled through with an accelera~
ted motion. Theequation of this fcale may be found in the
manner laid down in the preceding chapter for finding the
correfponding feales S M N O of the preflures of the fluid,

172. To obtain the initial velocities, four mufquets of
different lengths, carrying a 1 oz. ball, were fired with 7
drachms of fine war powder (166), under a mean ftate of
the atmofphere,

Length of Barrel from the Initial Velocities,
Ball to the Muzzle,

Feet. Inches, Feer,
o 11 —_ 1037 -
1 10 —_ 1390
3 8 — 1736
4 8 — 1815

Fic. 20. Then conftru&ling a figure according to
-the direftions given in the preceding paragraph, and
examining the proportion that the ordinates bear to the
abfciffas ; the feale AE, F G of the velocities is an
eHipfis whofe femi-conjugate axis A R is 4 feet 8 inches,
and femi-tran{verfe axis R H about 1815 feet, Hence
1t refults ;

1. That the fcale of preflures S M N O is in this cafe
a right line, which when produced cuts the line of direc-
tion in the centre R of the ellipfis.

2. That the initial velocities of guns fired under the
preceding circumitance, are not increafed by making the

- barrels longer than AR,

To' give a theorem for finding the initial velocities of
mufquets thorter than A R, fired horizontally with 7 drachms
of war powder, under a mean ftate of the atmofphere,
& muft be remombered that as the fum of the prefe

fires ARS=RH?, then %:690312 feet,

. Now let AD be the length of any gun; then the fuperfi-

vieg of the reftilinear trapezium A D N'§ which exprefles the

ASx AR*—DR?*,
2AR

Fa tial

fom of the preflures will be

,» but the ini-
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tial velocity D F correfponding with this trapezium is ex-

prefled by the fquare root of the fame fuperficies :

~ For example, Let AD be 5 of afoot, DR will be 4 feet
27

6 inches or L which fubflituted in the theorem, will

/-
. e 784 729_ 55_
give DF=u=4/147926 x 36_36-—\/147926x36_

475 feet for the initial velocity.

175. This method of finding the fcale of velocities in the
fpaces, may be pra&ifed when the wad is ftrongly rammed
on the powder ; for then the greateft ordinate of the corre-
fponding fcale of preflures is at, or very near to the place
occupied by the fhot, in the bore of the gun: and there is
no difficulty in reducing by approximation the line of the ve-
Jocitics to a regular curve, from which, exprefled geometri-
cally may be deduced the fcale of preflures. But when the
greateft ordinate is diftant from the part occupied by the thot,
as with weak powder or low wads; then to find.the curve
Iine of velocities, it is not only neceffary to make experi-
ments with the guns mentioned in the preceding paragraph,
but with others in which the fhot has a very fmall fpace to
pafs through, as 2 or 3 ealibres: thus the curve line may be
defcribed from its origin, and any irregularity correéted by
approximation,

174. If the [cale of preffure only be fought ; as the velo-
cities are in the fub-duplicate ratio of the fum of the pref-
fures, whenever the proportion of two velocities CE, D F is
lefs than the {ub-duplicate ratio of the fpaces A C, A D, or
of the length of the part of the bore from the fhot to the
muzzle, then the correfponding part S MN of the fcale of
preflures will converge towards the mouth of the gun: when
the ratio of the velocities is equal to the fub- duplicate ratio
of the correfponding lengths, the fcale S M N will be parallel
to the diretrix AD; and when greater, it will diverge
from it.

175. Having afcertained the initial velocity=w and the
fcale of preflures, the value of n, which expreffes how much
the greateft elafticity of the fluid acting on the fhot exceeds
the elatticity of the atmofpheric air, may be found by _mczmsf
o
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of the theorem 4=V thcrc A exprefles the

height of a barometer made of the fame metal as the thot; /
the length of the fire-arm meafured from the fhot to the
mouth of the piece; p the ratio between the area ASN D
and the reftangle ASx A D; and r the radius of the fhot.
For example, take a mufquet (172) 3 ft. 8 in. in length of
bore=/; as in this cafe A=2 ft. 10'84 in. r='243in.; and

u=1736 feet; fuppofe p= ;—3: then by fubftituting thefe va~

9654 X 3.8 x2.10°84 X v _
¥

"587
whence n= nearly 280 times the mean elafticity of the at
mofphere.

176. The initial velocity of cannon balls may be eafi]
found by this method of determining the velocities o
bullets projected from fire-arms of f{mall calibre: not only
the charge that gives the longeft range, and the law of pref-
fure of the fluid on the thot in paffing along the bore may be
afcertzined; but the greateft elalticity of the fluid, and the
point in the length of the bore where it is produced, may te
determined : in a word, all the folutions of the problems
relative to fmall pieces from the 167 paragraph to the prefent,
are equally applicable to the largeft cannon.

To determine the initial velocity of cannon balls, there
mult be 2 large homogeneous butt : if neceflary, one mutft be
made of earth, cleared of ftones, fifted and well rammed.
The guns muft be placed near the butt, and at fuch a dif-
tance from each other, that the loofening of the earth from
the penetration of one thot may not facilitate the entrance of
the other. The depth of their refpective penetrations muft
be meafured, and the values fubftituted in the place of § in
the theorem S=g D u*, where D exprefles the diameter of
the fhot, g its fpecific gravity, and « its velocity, then

-=‘/g-% which is a known quantity.

Let a2 wall-piece, whofe initial velocity is known, be
fired againft the fame butt ;Fmeafure the penetration of the

3 fhot

lues in the theorem, 1736 =
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thot, and fubfitute it in the place of S in the theorem

S oot
u="V ;;—5: In the room of g and D infert their known

values, which will give the relative valuz of »: then by ana-
logy, the relative velacity of the bullet is to its initial velocity,
as the relative velocity of the cannon fhot is to its initial velo-
city.  Suppote, for example, that the leaden builet fired
from the wall-piece be r inch in diameter - D and that its
penetration S=4 feet; as the fpecific gravity of lead is
/“-‘"

2=9gobo then u= +/ _9..:\/ __4§_ . Suppofe again, that
: gD go €o '

the cannon fhot be 6 inches in diameter==D and its penetra-
tion into the butt 14 feet=S, as the fpecific gravity of iron

3 ot S - . . ege
is 61155 u=¢/ ;D= —&-. Then if the known initial

_ _ 6r1s )
velocity of the buliet fired from the wall-piece be 2023 feet,

v /E?.:::oz;: 1880 feet, which will be the
Qo692 b115 . o -
value of the velocity fought. .

This theorem will ferve to refolve other problems; for
inftance, by knowing the diameter, denfity, velocity and
enetration of one fthot, the penetration of the other (hot dif-
Fering in denfity, velocity and diameter into the fame butt may

be found. :
" 177. From a feries of experiments made according to the
foregoing principles, under a mean ftate of the atmofphere
with guns, (89g) charged with a quantity of common cannon
powder, equal to about } of the weight of the fhot in 32 and
16 prs; and to { its weight in 8 and 4 prs: it refults that
1349 feet will be the mean initial velocity of 32 prs; 1433
0916 prs; more than r517 of 8 prs; and lefs than 1517 of

rs.

4}}_ieut. pE BureT invented in 1764 a very fimple ma-
chine for meafuring the initial velocity of projectiles. He
applies a little plate of metal provided with a moveable index
to any wheel that turns with an equable motion, and fuf-
ficient velocity ; the index is held at fome diftance from the
circuimference of the wheel, by a thread that is ftretched
acrofs the mouth of the gan.  When the gun is fired, the
thot breaks the thread, and fets at liberty a fpring, which
inftantly
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infantly prefles the index againft the wheel, upon which it
defcribes an arch, till it is checked by the impact of the fhot
againft a moveable butt, placed at the dittance of a few feet :
to' this effect onc extremity of a rod is faftened to the butt,
and the other to the plate; thus the index is drawn back by
the rod, which follows the movement of the butt, and ceafes
to defcribe the arch on the circumference of the wheel.
The motion of the wheel, the diftance from the muzzle
. of the gun to the butt, and the arch defcribed by the index
being known, it is ealy to alcertain the fpace that the
fhot pafles through in one fecond of time with an uniform
veloaity ; or in other words, its initial velocity. To diminith
the frition as much as poflible, a {mall groove is made in
the part of the wheel that receives the index, and filled with
greafe, which prefents a very tlight refitance. By means of
- this inftrument the time of the fhot’s pailage along the bore
of the gun, the initial velocity of fhells, and the refiftance of
the air to their motion may be determined; if ailowance be
made for the modifications that muft enfue,

178. In afcertaining the initial velocity of fhot projected
from fire-arms of cylindric bore in the third method (159) ;
it muft be remarked, that fo foon that the fhot begins to
move, it coatinually acquires freth velocity as it advances
from E 1o G (Fig 13, and lcfing a part of the preflure of
the fluid is only impelled by the excefs of the velocity of the
fluid over its own velocity: this diminithes as the thot ap-
proaches the muzzle ; the alion of preflure againft the thot
would be totally loft if the gun wcre very long, but it would
continue againft the fides of the gun. Whence it refults,
that the ordinates HY, G Z of the fcale X Y Z of the pref-
fures of the fluid againft the fhot, which commences at the
fame point X as the fcale X N O of the preflures againft the
fides of the gun, are fhorter than the correfponding ones
HN, GO, and their differences N Y, O Z become greater
as the fhot approaches G. Thus, when the feveral points of
the cylinder are proportioned to the different preffures of the
charge, there are always two fcales; one, exprefling the
preflure of the fluid againft the fides of the gun in each of the
phyfical points of its length ; the other expreffing the pref-
fures againft the thot in the fame points, When the firft of
thefe fcales is continually converging towards the mouth of
the piece, its figure is determined by the length of the gun ;
- F g and
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and it may be confidered as the limit of the greateft velocity
of the fhot.

179. In fire-arms of all calibres fired with large charges
and wadded, fo that only the neceffary interflices for the
propagation of fire remain between the grains, the thicknefs
of metal muft be increafed gradually from the muzzle to the
breech, that the gun may be enabled in every point to refift
the actual preflure of the elaftic fluid: wherefore the fcale of
preflures againtt the fidcs converges toward the mouth of the
gun, and the greatelt ordinate of the fcale is very near the
place oceupied by the thot. Then, :

Fic. XV. In order to find the equation of the-fcals
of preflures, draw the right line K I parallel to the di-
rectrix E G, confidered as the axis to which the ordie
nates are perpendicular: let the preflure K E:=p and
the abfciffa EL=KI=x. Astheordinate I H of the
fegment K Hy appertains to the abfcifla KI, I B may
be exprefled by nx, and multiplying » x by the abfciffa,
=x and by m denoting the fraction that fquares the fur.
face KIH the product nmx* will exprefs the furface
K1H: now the re@angle E K | L=px, therefore the
fuperficies EK HL=p x~#nmx*; and call the velocity
L B that anfwers to this fuperficies V, then V=

V px—mnx®,

180. Since mufquet barrels were firlt made in Prepmontt,
none have been reccived at the Arfenal before they had been
proved in the prefence of fome officers of artillery. More
than a hundred thoufand barrels have been proved in the
following manner : they are charged with 17 drachms of
common cannon powder; over which is put a very high
wad of hard tow, that is with difficulty prefled into the bar.
rel, and is afterwards rammed down with all the force that
the armourer can exert: a leaden bullet weighing 18%
drachms is then put in and wadded as before. The barrels
thus loaded, are placed herizontally with the breech againft a
ftrong beam of wood, and each of them is fired twice. At
every proof fome of the barrels have burft, and the crack is
fometimes at the brecch, at other times at the middle of the
bore, ornear the muzzle: but as it is not found to have hap-
pened more frequently in one part thananother, the officers and
manufacturers have deemed it unneceflary to make any alte~
ration in the thicknefles of metal; fo that they may be rea-

fonably regarded as proportionate to the preflurcs of the elaftic
fluid
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finid generated during the proof, allowing for the proportion
that efcapes by the vent, and the windage. Thus the thape
of a gun being known, the limits of the greateft velocity of
the ball in each point of the length of the bore may be found
(r79). - | )

181. The thicknefs of metal in each point of the length
of the cylinder is determined by a (Fig. 21) right line F D,
drawn from the breech to the muzzle obliquely to the axis 3
thus the lengths BE, BH, and the correfponding thicknefles
EF, HL of a gun AC B D being known, the inclination
of the right line M ON which is the fcale of the preflures
of the fluid againft the fides of the gun may be determined,
the ordinates E M, HO, B N, being in the ratio of the cor-
refponding thickneffes E F, HL, BD. If the right lines
E B, F D be produced, they will meet at the point R, where
the line MO N will always terminate, even when FL D
and M ON arecurves. Thus E R=4 will be known and

confidering p=E M, the value of » will be-%-: then ¢ o=

g;-'::.v and m=§£ fincc M@ O is a triangle. Hence nm x>

=:—:- and confequently V=¢/ px—nmax2=4/ px—‘i—:-

which is an equation to the ellipfis to be conftructed in the
manner already pointed out (172).

Take p= 25, then V=4 2bx—x" is an equation to a
circle whofe radius=4; from the point R taken as centre
with a radius R E=5 delcribe the arch E GK, then the
ordinates HG, BK, will exprefs the relative velocities which
the bullet would have at the points H, B, if the line MON
were the {cale of preflures of the fluid. It thould be remarked;

1. That on diminifhing the charge of powder in thefe
barrels without weakening the refiftance of the fhot and
wads, the preflure of the fluid at the point E will remain

. the fame, but it will be weaker at the points H and

B, (152); the velocity therefore of the bullet at the
fame points will be lefs.

2. That on diminithing both the charge and the re-
fiftance, either by ufing fmaller’ wads or by ramming
them down with lefs force, the preflure of the fluid

- will beiefs at the point E, as well as at H and B.
3. That
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3. That on altering the refittance, the ratio of the
preflures will vary alfo. ‘Thefe confequences are dedu-
cible from the preceding theory, and are confirmed by
experience.

182. By the thesrem V=4/25x—x* it may be afcer-
tained with tolerable accuracy, how much the length of
the gun affeQs the range. Take, for cxample, the gun
ADP, (Fig.21) in which the thicknefles from E to the
muzzle, proportionate to the largeft charges ; are determmed
by a right line. To find the difference between the veloci-
ties of the fhot ; or in other words, the length of the ranges,
by firing a fhorter gun as A H, or a longer one as A Q_with
the fame charge as A D P, the right lines £E B, ¥ D muft be
produced till they meet in the point R, and from R taken as
centre with the radius R E, defcribe an arch EG K : draw

to AR the nermals HG, BK, QT, which will exprefs the
" ratios of the length of the ranges, correfponding to the lengths
of the gun. It was obferved that this theorem would only
give an approximation; in fact the line M O N being the
fcale of preflures againit the fides of the gun; MY Z which -
is the fcale of preffures againft the fhot, fooner falls on E R,
which it cuts in the point S.  Thus the truc fcale of veloci-
ties is E I V X in which the difference between the velocities
at the points H, B, Q_is lefs than in the other fcale E G K.
But whatever be the nature of the line MY Z, it muft necef-
farily when produced cut the right line R E in fome point
S; for as the fluid expands in a fpace which is continually
enlarging, and partly efcapes by the vent and windage, its
velocity will be at length (o much diminithed, that it will no
longer impel the fhot. The point S is always the centre of
a re-entering curve line EIV X of which S E is the femi-
axis, and E M the parameter ; and by it may in all cafes be de-
termined the greateft length that ought to be given to cylindric
fire-arms, fince beyond this point the fhot receives no in-
creafe of velocity. [From thefe premifes may be likewife in-
ferred, that in the fame gun the point S will be more or lcfs
diftant from A, in proportion to the quantity and quality of
the powder, and to the windage and denfity of the fhot.

183. Since the radius g;:r and the thicknefs of me-

tal EF=m are known, and its tenacity may be deter-
mined
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ined by experiment, the elafticity=a of the fluid may be
und by the means of the theorem gg62 nr =mg ; and by

: /96. /A
bftituting in the theorem V= 9———5i"—P——the values

ar

‘s, r, },==E B, A=the height of a barometer made of the
me metal as the fhot, and p the ratio between the trapezium
MNB and the reGangle EM x EB, the value of the
itial velocity =V of the fhot will be likewife found.

Fic. 21. For example, fuppofe D AP to be a wall- .
piece, whofe thicknefles of metal are in equilibrio with a
iven charge; let the diameter DP=2r=2 inches,
F the greateft thicknefs of metal in the place where
the fhot is lodged=m=2 inches, and the tenacity of
metal = 4723200=¢; by fubRituting thefc data in the
1
6 :
greateft elafticity of the fluid = # is therefore nearly equal

to 8co times the mean preflure of the atmofphere.
To find the initial velocity of a leaden bullet fired from
is wall-piece let E B=/=3} feet, and p—=3; A will be
out 3 feet; then fubRituting thefe values in the theoremV =

2
sl A 96.54x800x - x 3} x3
—9—62—5;’1— itwillgiveV:/ 3

theorem 9962 nr =mgq, 19962 X :—2= X 4723200: the

1
K]

1800 for the initial velocity of the leaden l;dllet.

But if an iron fhot be fired from it, A will be equal to 4%
i, and the initial velocity will be

' ﬁ6.54x800x1x4§x3
V= 3 =2043.

x -

3

CHAP,
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CHAP V.

Or ExPERIMENTS FOR ASCERTAINING THE Resist-
ARCE OF THE AIR To BODIES PROJECTED FROM
FirE-arums,

!84..,THE initial velocities of (hot projected ona hori- .
zoatal plane from guns, equal in length, but differing in calibre,
fired with charges proportioned to tie weight of the fhot,
with powder of the fame quality and wads equally well ram-
med, are greater in proportion, as the calibre of the piece is
‘Jefs. Bur if the fame gun be fired on an inclined plane, the
difference between the ranges will diminith in proportion to
the inclination and extent of the plane, till at lenzth the guns
of large will range farther than thofe of finaller calibre.

185. From the lohger range of guns of {mall caiibre, it
may be infersred that the ratio of the fum of the preflures to
the diameter of their thot, is greater than in guns of larger
calibre. When the refiltance to the explofion confifts only
of the weight of the fhot and wads, the preffures muft be
proportionate to the diameter of the fhot, and of courfe,
greater in guns of large calibre; but in the prefent cafe, the
refiftance ariles principally from the friction which muit ne-
ceflarily be greater in the fmaller guns, fince they are both
equally rammed : from the fame caufe alfo the powder being
more compact in the fiall guns, the explofion takes place
more inftantaneoufly, wherefore the ratio of the fum of the
preflures to the diameter of the fhot muft be greater: the
fhot likewife in pafling through a greater length of tore in
the guns of fmall calibre, will be impelled by the fluid for a
longer fpace of time, whence its velocity mult be increafed.

186. The fecond effe@t (184) procceds folely from the
refiftance of the air to the motion of the projedtile : this re-
fiftance is very confiderable when projectiles move with great
velocity, and is the greater as the diameter of the thot is lefs.

The following is a refult of experiments made in June
1764, on the Banks of the Po, and a comparifon between
the aftual and potential ranges. The charges were fuch
as would give the vclocitics marked in the table, and

the
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the puns were laid with every neceffary precantion. The
mediam of feveral rounds was taken, and the dire&ion was
along that part of the Po, which runs almoft in a right line
from the mills of Rocca-Franca to the Chapel of the Crucifix.

Comparifon between the aGual ranges of {hot meafured in
June 1764, along the Banks of the Po, and thofe which a
given initial velocity would produce, if there were no refiftance
in the air to the motion of the fhot.

Ramges.
Initial Eleva. | Experi- | Potea-
Velo. tion. mented.| tial,
Feet, Yds. Yds.
L 3
Rifled Carabines bullets weighing { w05t || 30 o | o8 | 158
v §ofanounce. 45° 805 | 39856
1187 | 9a8 | 7B
Mufquet, weight of bullet 1 oz. 1936 =i° a0 :3;2 :g:g;
45: 1181 | 31983
ight 15 1433 | 17
Bals welghiog 3 { 1855 || 030 s0” | 1333 35:3:
B lh'w ighin 3 ot 1639 | 35754
] c1gnt
Wall-pieces. oz, 8208 { 1770 || 15% 1699 | 16307
Balls weighing 3
oz. but equal
in diameter to 1068 15 1630 23268
3% oz, balls.

N. B. During the five mornings that thefe experiments
were carrying on, the barometer at the battery was
‘ftationary at 29 inches, except towards the end of the
third morning when it rofe a little.

This comparifon fhews that the rifled carabine with an ini-
tial velocity of 1956 feet only ranged 895 yards, at the ele-
vation of 45° while that from the theory of projediles
moving in vacuo, it thould have ranged 39806. Now as
the only difference between the range calculated from the
injtial velocity meafured near the mouth of the piece, and the
altual range at the elevation of 45°, is in the fpace paffed
through by ‘the fhot; it muft be owing to the mafs of air
difplaced by it, and confequently to the refiftance that the air

oppofes to its motion.
' 187. The
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187. The following experiment proves that the refiflance
of the air to a projeilile, is greater in pafling over water
than land. In June 1764, feveral rounds were fired from
the mill of Rocca Franca over the Po, from awall -piece
carrying a 3y oz. bullet, at the elevation of 15°, with a
charge that gave an initial velocity of 1770 feet ; the mean
range taken with the greateft accuracy was 1799 yards, the
fame gun was afterwards fired in the fame manner along the
road leading to Stupinigi, and the mean range was 1863

188. From the preceding comparifon are deduced fome of

the corollaries in the theory of the air’s refiftance ( Philof. Inftit. )

1. That the air’s refiftance is greater in thot of fmall

than of large diameter, provided the fpecific gravity be the
fame.

2. That in fhot of equal diameters the moft denfe
ranges the farthef.

. 3- That when the gun and butt are in the fame plane,
the elevation that will gnve the longeft range with a given
charge is lefs than 45°.

4. That the lefs the diameter and denfity of the thot,
the more the elevanon that gives the longeﬁ range, is
under 45°.

-§» ‘That the longeft range to be obtained with the hrgeﬂ
charge, depends on the ‘direftion of the gun, the initial
velocity of the fhot, its diameter and weight, the denfity
of the air, and the equality or difference between the
planes of the gun and butt. Hence, (102, 103, 104,)
in meafuring the ranges to afcertain the charges that will
impel the fhot with the greateft velocity, the refults are
liable to fuch modifications, particularly when the firft
graze of the thot is at a ditance from the gun, that it
requires a feries of experiments,before any one point can
be accurately determined.

18g. In this comparifon beiween the actual and potential
ranges, it was fuppofed that the charge that gives a certain
initial velocity when the gun is laid horizontally, would give
the fame at different degrees of elevation.  T'o prove that this
fuppofition is true with regard to fhot of fmall*diameter, a
mufquet (16q) was direlted againft a block of wood equally
porous, placed at the diftance of g feet, it was fired horizon«
sally with' a charge that gave an initial velocity of 1736 feet:
it was again loaded in the fame manner, and fired in a ver- .

tical
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tical direftion againft the fame block placed at an equal dif-
tance, the thot each time penetrated to the depth of 12
inches

19o. Since the initial velocity of fhot of fmall diameter,
is the fame whatever be the elevation of the gun, it follows
that the increafe of the elaftic fluid produced when the piece
is at the higheft elevation, is in the increafe of refiftance arifing
from the elevation, in the fame ratio as thele two forces are,
whien the piece is fired horizontally.

1g91. Let AE be 2 horizontal line making with the lines
AF, AG, AH, AK the fame (Fig. 22) angles as the
guns were fired under in the preceding experiments: fet off the
lengths AB, AC, AD, AE of the comrefponding ranges,
and ered the perpendiculars BF, CK, DG, EH; the lines
AF, AG, AH, AK, will exprefs the fpaces that the fhot
pafled through by the impuifion of the elaftic fluid, and the
perpendiculars BY, CK, D G, E H the fpaces pafled through
by the power of gravity. Thus it will be eafy to lay down ths
curve that the thot defcribed in its flight, either geometrically
or by Dulac’s infirument.

192. A line drawn through the points A, F, G, H, K,
will be a curved line of projections, and will thew the point
where the fthot will firike the horizontal line A E when the
elevation is lefs than 45°: on the contrary, if the point of
the line A E which it ought to firike be given, the proper
degree of elevation may be found without tracing the curve
defcribed by the fhot in its flight. If the guns in June,
1764 had been elevated above 45°, in ordzr to know the
correfponding lenzth A N of the ranges, the curve AFGH
KM L of projections wouid have been complete,

193. This method of finding the curve defcribed by pro-
jeltiles, may be ufed wkhen the initial velocity remains the
fame, thouzh the elevation be altered; but when both the
velocities and elevations are diffgrent, the following me-
thod may be adopted. (Fig. 23) Chufe a piece of ground
on which the guns may be placed at the different heighits
A,C, D; fire fome rounds ippm A, charging and laving
the picce always in the fame manner ; which in the prefent
cafe will b= fuppofed to be borizontaily, and mark at each
dikcharge the firft graze of the thot : then fire from C, D, E
with exactly the fame directicn, elevation, and charze, and
snuk the frft grazes L, B, Q. Erect the perpendiculars
X H,LK, BM, QF which will be the abfciffas of the curve

defcribed
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defcribed by the fhot, and the horizontal lines A H, CK,
D M, EF will be carrefponding ordinates ; then from the
value of thefe lines the nature of the curve may be deduced,
or traced mechanically ; and will be moft applicable to thofe
elevations where the initial velocity remains nearly the fame.
If the ground at the points 1, L, g-, Q_be fuch that the thot
can penetrate in the fame direction with which it impinges,
the holes being the tangents of the curves, the fub-tangents
and fub-normals that correfpond with thefe points may be
likewife known. Thus an equation to the curve may be
found by the inverfe method of tangents.

. 1g4. The curve thus found may be refolved into the fimple
movements of which it is compounded, by knowing the
time that the thot is pafling from the mouth of the piece
placed fucceflively in A, C, D, E, to the points I, B, L, Q,
where it touches the ground ; for this purpofe, a common
pendulum or warch that marks very fmall divifions of time
as } or ; of afecond will anfwer. Place it near the men
who are ftationed to obferve the firlt grazes, and let them be-

in to reckon the inftant they perceive the flath of the gun.
§uppofe that the (Fig. 24.) time of the fhots flight from
Atol=afrom Cto l.—é, from Dto B=4d, and from E
to Q=/; markontheline AE, thetimes AB=4, AC =},
AD=d, A E=f, and make the ordinates BH, CI, DK,
E L, cqual ro the fpaces that the fhot acted on by the im-
pelling power has paffed through in the correlponding times
(193); AHIK L will then be the fcale of fpaces pafled
through in thefe timnes, from which may be deduced the
fcale of initial velocities ; and again from this laft, the fcale of
momentaneous refiftances of the air to the motion of the

thot.
Fic. XXV. Mark in the fame manner on the
direétrix M V, the times MR =aq, MT =, MS =4,
MV =f and ere& the ordinates Rr, T¢, S5, Vu,
each equal to the fpaces that the thot has paffed through
by the power of gravity (193.); M r ¢s « will then be
the fcale of velocitics, and give the fcale of momen-
tancous refiftances oppofed by the air to the movement
of gravitation.
195. If the law of the air's refiftance only be required,
one of the following methods may be ufed, and will give
refults more accurate than any of the former ones (186, 193,

194.): the firft confifts in finding the fcale of fpaces that ﬂxlhe
. ot



FIRED GUN-POWDER. 97

iot afted on by the impelling power has paffed through in
srefponding times. The fccond is to find by means of
lis movement of impulfion, the feale of retarded velocities
1 correfponding fpaces. To find the firkt fcale, fire fome
Fig. 26.) rounds from the point S, in the direction § r
ith equal charges, againft a butt placed at the feveral dif-
nces So, S/, Sm, Sun. Now as two points on the
iface of this butt will be always known, viz. the paint
there the line of dire@ion § r falls, and that which the fthot
rikes, the fpaces aa, /4, mc, nd, pafled through by the
ravitating principle, and the correfponding fpaces 54, s/,
m, s n pafled through in the fame time by the movement
fimpulfion will be known, and the curve S g 4 ¢ d defcribed
y the projectile will be found. If the butt be placed at
ich a difiance that the lengeft line #d of delcent does not
cceed 150 feet; the reliftance of the air to the movement,
7 gravitation will be inconfiderable, and the theorem

32.18t% . ] .
=5 will ferve to determine the time =¢, that the thot

pafing through the fpaces 04, /5, mc, nd in its movement
* gravity ; and alfo through the fpaces So, S/, Sm, S& in
s movement of impulfion.

Fre. XXIV. Draw the directrix A E, making AB

O 1l
=V soa,AC:\/ zslb,AD:\/ 2

2
32.1 32.1 32.18

me, AE=v/_2 g nd, and ere& at the points B, C,
32.1
D, E, the perpendiculars BH=S8s, CI=S/, DK=
Smy, EL=S#; then a line paffing through the points

A, H, I, K, L, will be the fcale of {paces pafled through

by the fhot in correfponding times, in its retarded move-
ment of impulfion. From this deduce the fcale of cor-
refponding velocities M N O P Q_, and that of the mo-
mentaneous refiltance of the air to the motion of the
fhot; thus the retarding force of the air will be known.
196. It has hitherto been [uppoled that the fhot is pro-
Qed in the diretion of the axis, but this does not always
appen. To remedy this inconvenience; fire the gun with
charge that will produce a given initial velocity, place the
utt (Fig. 26.) at different diftances So, S/, Sm, Sn,
G taken
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taken at pleafure, and mealure the velocity with which the
thot impinges on the butt, cither by mealuringits penetra-
tions (176), or by fome machine proper for the purpofe. On
a line, fet off the abfciflas S o, S/, Sm, S #, equal to the fpaces
that the fhot has paffed through by its movement of impulfion;
and ‘let the correfponding ordinates equal the experimented
velocities: then by making the longeft ordinate equal to the
given initial velocity, and ere&ing it at the beginning of the
abfciffas, we fhall have the fcale of velocities in correfponding
fpaces with a retarded . movement of impulfion; from this
fcale may be deduced' that of the momentaneous refiftances
. of the air to the motion of the fhot; it is 2 matter of no con-
fequence for thefe experiments, whether the fhot be projected
in the dire&ion of the axis or not.

197. There are other methods of afcertaining the path
defcribed by projeQiles, and the retarding force of the air;
but it is to be prefumed that the principles laid down in the
courfe of this treatife will, from their practical utility and
eafy application, induce the ftudents to exercife themfelves in
the theory of gunnery, whence they may derive from the ufe
of fire-arms, particularly of mortars, advantages which can
by no other means be obtained.

T RE A
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burt by it : the fecond, that it be manageable and adcquate 1»
every purpofe for which it is intended.

8. To be poflefled of the firft condition (7); the quality
of the metal, of which any gun is made, fhould be in fucha
juft combination with its thickneffes ; that if by any extraor-
dinary accident it burft, it may not be fhivered into pieces.
This property is obtained by mixing the metals in a due
proportion.

2. The bore of the gun fhould be free from cavities,
particularly in the charging cylinder; and of fuch 2
figure, that with the [punge the gunner may be able to
extinguih any fire that hangs in the piece, in order to
avoid the dreadful accidents that fometimes happen in
reloading.

. Guns intended for works or batteries fhould be
of fuch a length that the explofion may not damage the
embrazures, and that there be no neceffity for making
the inner part of them too wide; which greatly expoles
the artillery men to the fire of the enemy’s mufquetry,
to the evident detriment and delay of the fervice.

9. The fecond condition (7) requires ;

1. That the metal be of fo tenacious quality that the
gun may with 2 moderate thicknefs for a long time refift
the force that tends to burtt it : as guns of large calibre
may on this principle be made hghter, and be confe-
quently more eafily worked and brougiit into action.
T"he metal fheu!d likewite be ot fo hard a nature, that
the bore of the piece may fuitain without alteration a
long continued firing.

2. That in diminifhing the weizht of metal, fuch
regard be paid to the fizure of the zun, and the polition
of the trunnions, that no irrczulanity of movement can
take place at the difcharge, fufficient to damage the bore
of the gun, or al:er the direction of the fhot,

3. That all the parts and ornaments be fo propor-
tioned and fituated as to be of fervice in Jaying the gun
and firing with precifion.

After thefe preliminary obfervations, let us proceed to ex-
amine feparately the feveral caufes that conduce to the pere
fection of fire-arms,

CHAP
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of difcharges; as formerly in the hotteft fieges the firing ha-
ving been kept up for fome time in the morning was difcon-
tinued on both fides for three or four hours ; this queftion
remained undecided: but fince the powder has been made
ftronger, and the firing has continued inceffantly from mormn-
ing nll mght, fo many accidents have happened owing to the
fottnefls ot the metal, that there has been an abfolute neceflity
for increafing the quantity of tin.

5. On furveying. after the peace of 1713, the artillery in
the feveral fortrefles in PiepmonT; it was found that the
viciflitudes of the preceding war had introduced guns of all
natures, calt by founders of different nations. In the wars
of 1733 and 1742, fome of thele pieces continued perfectly
good aiter 1000 rounds ; while others became unferviceable
after goc, or even fewer difcharges: as the fhot in firiking
againft the fides had cenfiderably aliered the fizure of the bore.
Many experiments have been made in this capital fince the
pcace of 1749, both by the officers of the royal corps of
artillery, and by individuals appointed for the inveftigation of
particular points, to afcertain the caufe of this great diverfity
of effets. This trearife being only an application of the
principles of natural philofophy to artillery, it will be beft to
purfue the method adopted in the preceding works, and refer
to the maxins already efiablifhed ; that the anillerift may
take in at one point of view their rife, -conneltion and deduc-
tion, and be thereby enabled with the greater readinefs to
apply them to practice. : '

6. Before we attempt to afcertain the heft confiru&tion for
fire-arms, it will be proper 1o confider in what their perfeQion
confifis; that from a clear dicrimination of the neceflity and
importance of each particular point, we may avoid the error
into which many have fallen, of paying attention to fome cir-
cumflances while they neglected others equally effential; thus
lofing the advantages refulting from a combination of the feveral
parts of the fubject : hence their labours have only tended ufe-
icffly to multiply the fpecies of ordnance, which has been
alreadv obferved by fome excellent writers ; who from the
tadnefs of the inventions have inferred the want of talents
in the inventors.

. There are two principal conditions which conftitute the
perfeftion of every fire-arm : the firft requires that it be fo
confiruéied that the men who work it may run no rifk of being
' ' G 3 burt
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CHAP L

OF Tue METaALs oF WHICH FIRE-ARMS ARE MADE.

10. TH E fimple metals ufed in cafling cannon, are
iron, copper and tin; brafs, which is a compofition, is fome-
times added.  As the proprietors of mines find it too expen-
five to perform all the operations ncceffary for the thorough
purification of the metals, the iron and copper ufually met
with in commerce, are not fufficieritly refined for the pur-
pole of the founder. The fubfequent remarks on the method
of ufing thefe metals will alfo point out when they ar¢ pro-
perly purified. '

11. Iron oreis generally found in the form of an indurated
carth, and is fluged in contaét with charcoal, with a very
ttrong heat kept up by means of large bellows : duting this ope-
ration the greater part of the volatile particles contained in
the ore, as fulphur and arfenic, exhale in form of fimoke, and
the phlogifton uniting itfelf intimately with the ferruginous
particles, the iron appears in fufion at the bottom of the fur-
nace ; wlience it is run into a trough prepared with fand of a
demi-cylindrical form, and is by the workmen termed 2 pig.
This is called iron of the firlt fmelting, and is always un-
malleable, ' '

12. This iron is again fimelted by a fimilar procefs, and is
then called ivon of the fecond finelting, which though purer
than the fird, is flill unmalleable. In proportion as the
ore is more purified and has been oftner fmelted, it fufes
with more difficulty; and the fufion does not at length ‘com-
mence tiil the heat be very intenfe. '

13. The iron procured from foreign countries, as an arti-
cle of commerce is generally diftinzuithed into two forts.
‘T'he one does not yield to the hammer when cold ; but when
red hot, it eafily breaks into pieces, which is owing to the
quantity of heterogeneous fubftances it contains, principally
arfenic and fulphur; the other kind is malleable when red-
hot ; a certain fign that it is well purificd and of 1 good and
tenacious quality. '

14. For iron guns, the ore of the moft tenacious quality
is the beflt. Englith ore is in the higheft cftimation ; it has

G 4 a fuf~
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a fufficient degree of hardnefs, fince in firing with (hot, the
bore of the gun is never injured; but as it is not fufficientiy
tenacious to refi(t the force of powder in very long ficges, it
becomes neceflary to fupply this defect by adding to the
ftrength, and confequently to the weight of the cuns, to
prevent their burfling: wherefore 32 pourders with proper
reinforces are too heavy, and are only uizd on board of fhips
of war, 24 pounders ocing the largelt picce of iron ordnance
that is ufed in land fervice.

15. The iron of the fecond fmeltinz is heated and welded
‘with a forge hammer to increale its maileability and tenacity:
this operation is frequently repcared to feparate the earthy
heterogenous particles.  When thus worked, it obtains the
name of furged iron, and is lefs hard but much more tena-
cious than before. It is efteeined of the beft quality when
‘malleable, both hot and cold, and whcn it yields to the file;
but when it breaks and fplits under the hammer, it is not fo
godd. A very violent and long contimsed heat is neceflary
to fafe forged iron ; and from its foftnefs, it is only ufed in
the conftruction of fre-arms of fmall calibre, from which
leaden bullets ave projeSed, as wall-picces, mufquets, piftols,
&ec. fince from its great tenacity the barrels may be made very
thin. '

16. Copprer is generally fuund mixed with other metallic
and volatile fubitinces ; according to the nature and propor-
tion of which the operation of purifving muft be varied. |t
fometimes happens that a vein of a copper mine will furnith
for a confiderable time, an ore eafily refined ; but at length
ns quality alters, which induccs a neceflity of multiplying
and cven diverfifying the procefles of refining.  In all cafes
it is firlt fluxed; whence a regulus or mixed metal, called
black capper is obtained ; which is unmalleable and of different
qualities according to the nature and proportion of the hete-
rogeneous fubftances.

17. To purify black copper, the chymifts ufe the cupel
almoft the fame manner as the refiners of gold and filver:
but the common 1necthod is to roaft and afterwards {melt it ;
that during the roafling, the volatile particles may be fub-
limed; and that when in fufion the vther heterogeneous fub-
flances may be converted into fcorix: the metal obtained
fromn this procefs is called copper, and is generally run into
thin cakes, which arc very full of cavities and fpungy.

: The
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"The copper met with in commerce is generally defigned of

three qualities, viz. pure, commoen, and impure, as in fome
mines the metal will not defray the expence of purifying it.
For fome years paft the merchants have imported copper
from GERMANY, Savoy, and Japrawn, which is very well
purified : that procured from AosT and SWEDEN is harder
and lefs malleable ; but the copper brought from MEexrco
is of a very inferior quality, being crude and totally unfit for
wire-drawing. .

18. Pure copper is red, tenacious, dulile and malleable;
it is drawn into very fmall wire, as the firings of mufical
inftruments; and beat into very thin veffels without breaking
or fplitting : this is a certain method of proving its puriry.
This copper requires a very ftrong and long continued heat
to meltit. If it be fufed without being in contadt with any
phlogiltic body, and the fire be ironger than is neceffary to
keep it in fufion, fmall particles will be feen fucceffively to
calcine ;' and if the fame force of fire be continued, thefe
calcinations will appear in the form of feoriz floating on
the furface of the melted metal. If the fcoriz be fcummed
off, pounded and mixed with a quantity of charcoal, t
will when expofed in the furnace to a ftrong blaft revivify
and refume the metallic form. (Philof. Inftit. g1, 116.)

The flame that breaks out at the fufion of ‘pure copper
with charcoal, is of a fine green colour ; when diffolved by
oil of vitriol, it exhibits a blue flame. :

19. Common copper is that in which the heterogeneous
fubftances are_in fmall quantity, and do not much affe& its
tenacity and dudlility ; fo that though it cannot be drawn
into very finc wire, kitchen utenfils are made of it.

The copper of the third kind is-of an inferior quality ;
Jefs tenacious and dutile:. if brittle under the hammer,
or when offered to the wire-drawer, it is a proof that
it contains many ferruginous or arfenical particles. If
there be much arfenic, the copper fufes eafily ; and if there
be any.antimony it accelerates thefufion : but then the flame
inftead of being of a greenith is cf a whitith caft, and is loaded
with fmoke. If the flame at the folution of copper by oil of
vitriol be yellow, it is a fign that the ore contains iron ; and
if the colour become green, the iron is in great quantsty.
Impure copper ought never to be admitted into founderies
for cannon, as the bronze made of it is (hort and-brittle.

20. Tin
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20. Tin is the lighteft of metals; yet its ore is very pon-
derous when mixed with arfenic : it is therefore cafily fepa-
rable from other heterogeneous fubftances that are lizhter,
either by picking or wafhing, after it has been pounded in a
mortar : the ore is then roaited to clear it of the arfenic, and
afterwards fmelted in contaét with fubflances abounding
with phlogifton; in order to prevent the great calcination to
which tin in fufion is liable,

21. Tin well purified is not very du&ile or tenacious; and
a creaking noife on bending it different ways is heard. A
very moderate degree of heat fufes it long before it becomes
red, and the more it is expofed to the air the fooner it cal-
cines: on combining the calx with a phlogifton, and ex-
pofing it to a prcper degree of fire, it readily refumes the
metallic form. Purified tin is milcible with other melted
metals, and diminifhes their du&ility and tenacity, except-
ing lead. On the other hand, a mixture of 20 parts of tin
and 1 of copper, is more folid than pure tin, and yet pre-
ferves its dudlility ; of this kind is the fine Englith tin.

22. Zinc is a femi-metal found in Calamine, Lapis Ca-
leminaris, and the fubftance called Cudmia Fornacum which
attaches itfelf to the mouth of furnaces, in which metals
containing zinc have been finclied. This femi-metal eafily
inflames, when expofad to a fufficient degree of heat, fub-
limes in the form of white flowers, called philefophic wasl,
and is diflipated. As zinc is found mixed with different
mincrals, the operation of purifying it varies according to
their feveral qualities. .

23. The comtination of zinc with copper is called brafs.
When the fubttances are of a good quality, the brafs is mal-
Jeable when cold ; britile, when very hot: but if compofed
of impure materials, itis brittle when cold: from this pro-
perty its quulity is eafily afcertaire).  Brafs is yellow and
more {ufible than copper : if fufed in a crucible with a firong
heat, the melred metal will inflame and a great many flowers
of zinc be feen to rife from its furface; fo that if it be kept a
Jong time in fufion, it wiil lofc all its ziuc, and the refiduum
will be fimply copper.

.24. If a quantity of copper be heated, and a proportion of
tin thrown into the furnace, the two metals will fooncr be-
come flmd @ if copper, or a mixture of it with tin be already
melted, an addition of tin will reader the fufion thinner;
tin is tiyen the menitruum of copper: but this property does

not
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not fuffice to make a thorough and exa& mixture of the two
metals in large furnaces; a motion infinitely greater than
that which is fufficient to keep them in fufion muft be for
this purpofe excited. If the merals be well mixed together
and drawn from the furnace {o as to be fuddenly condenfed ;
the particles will retain their intimate-connection when per<
fetly folid: but if the quantity of melted matter be very
great, and the receiver of fuch a form that it is fome time
before it fets, on examining it when cold, the tin will
be found to abound moft towards the bottom, particu~
larly in long receivers, like the moulds of cannon. The
calcinations (18, 21) which take place while the compofi=
tion is in fufion, are of different charallers according to the
quantity of melted metal, the expofure of its furface to the
air, and the time that it remains in fufion : thefe changes
are almoft imperceptible in the more minute procefles of the
metallurgifts ; but when in large furnaces a great quantity of
metal is fuffered to remain a long time in fufion, and the
fire is increafed, it will be found that the metal produced
from the revivified calcinations, contains the tin in a greater
proportion, than when put into the furnace; as is feen in
the refined cakes, which the founders of artillery draw from
what they call the operation of the bandle.

25. The mixture of cspper with tin is called bronze, what-
ever be the proportion between the component parts, provided
that the excefs be on the fide of the copper. In proportion to
the quantity of tin, the compofition (2) is harder and lefs fuba
je to cavities; it cven lofes its tenacity and becomes crude
and brittle, if the quantity of tin be too great; the addition of 3
confiderable proportion of brafs renders it a little harder, and
even more brittle when heated (2 3) though the brafs be of the
beft quality. Since the ufe for which the bronze is defigned
muft determine the proportion between the component parts,
it order that it may have the phyfical properties requifite for
the intended work (2, 3), it follows that guns may be caft
{rom bell-metal, and ftatues, &c. from gun-metal, on adding
certain quantities of copper or tin.

26. It will be fhewn in the following chapter that the
metal for cafting cannon, particularly battering cannon, mult
(8, 9) indifpenfably be of a hard and tenacious nature. To
this end it is neceffary ;

1 That the metals be of a good quality and well

purified.
2. That
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2. That their proportion be comprifed within eertain
limits.

3. That their natural hardnefs and tenacity be in-
creafed by compreflion.

27. Pure copper (18) is the beft for artillery ; as is the
Englith tin (21) on account of its fuperior quality. Tin in
which there is any lead thould be abfolutely rejected, fince
this metal diminithes both the tenacity and hardnefs. That
gun-metal may have all the requifite properties (26), the
quantity of tin (hould be between a 6% and an 8% part
of the copper, when the powder is as ftrong as that now
in ufe: it would be injudicious to diminith the proportion,
as was done when the powder was weaker. Lt the copper
be very well purified, and confequently verv foft and dudiile,
the quantity of tin (hould be nearly 16 in the 105 of copper;
but not more than 12 in the rco, if the copper be of an or-
dinary quality ; 12lb. of tin mixed with 100lb. of impure

r form a crude and brittle bronze, and fhould neves
be ufed. In order to increafe by compreflion the nawral
hardnefs and tenacity of the merals, the moulds of guns
fhould be fo made, that the fuperincumbent mafs, commoaly
called the bead, be as long as poflible.

28. Whenever brais cnters into the compofition of gun.
metal, it thould be in fmall quantities; fince, as has been
already obferved, it tends to render 1t brittle, particularly
when the gun is heated by frequent fiving {23, 25): befides,
as it mult be put into large furnaces by fmall quantitics at a
time, the zinc of the brafs firft introduced will be fublimed

- {23} 5 which caufes an uncertainty with regard to the juft
proportion of the materials. The advocates for the ufe of
brafs think that it aflifts and preferves the perfect mixture
between the copper and tin; but this opinion is not fuffici-
ently warranted by experience,

29. To the remarks aiready made on the hardnefs of
fome particular metals (Inftit. Phyf. Mec. 66), let us add
the-refult of experiments made on feveral compofitions in 1759
by Major RuNnziNy, direitor cf the royal laboratory of
mecialiurgy. In thefe experiments, feveral rods of metal
were expofed to the force of a piece of iron weighing 8+1b.
which falling from the height of 13 foot, on the head of a ftecl
punch with a conical point drove it into the rod of metal, upon
which it refted; the effells are therefore exprefled by the fize
of the hales made by the punch, which from the fimilarity

ot
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of the figures, are in the triplicate ratio of the penetrations,
marked in the firft column; and the relative hardnefs of the
rods are exprefled in the inverfe ratio of thefe holes; for
example, the hardnefs of the bronze A is to the hardnefs of
the bronze F as 173 to s51.

Refult of experiments made in 1759 to compare the rela-
tive hardnefs of the following metals:

Effe&ts exprefl-
ed by the
relative fizes

The relative Penetrations of the punch of the holes
into the Rods. made by the
punch.
Firf Column. Second Colamn.
Fine tin of England — 92 1216
Pure copper of Germany ——— 66 450
Small pieces of copper coin 301
Brafs of Germany, malleable when cold 54, 246
A mixture of 100 parts of copper, 12
of tin, and 2 of zinc, the zinc be- } 42 516
ing previoufly mixed with the tin -
A mixture of 100 panis of brafs and 3
12 of tin. mnenty e

Bronze formed of good Materials in the following Proportions.
Copper.  Tin. Brlﬁ lj CY. 2d. Cul.

A 100 235 2 5
r-B 100 20 gs 66
C 10 16 7 37 78
D 100 14 , 40 100
E 1co 12 42 116
F  1co 8 48 3
G w00 24 100 37 78
Differeat Mistures, 4 ¢ 1% 20 5 34 32
L 100 14 8 17 7
M 100 12 6 40 100
N 100 10 I2 42 116
P 100 g 20 44 133
Q. 100 28 47 162
R 100 5 20 49 184
LT 100 2 29 £2 220

30. We
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30. We gather from thefe experiments;

1. That tin is the principal ingredient towards ren-
dering the bronze hard.

- 2. That the holes made in the metals A, B, C, D,
E, F, compofed only of copper and tin are nearly in the
reciprocal ratio of the quantities of tin.

3. That by adding a quantity of brafs, thé propor-
tion of the ingredients may be diverfified, yet retain the
fame hardnefs, as appears from G and L.

_4. That the metals C, D, whofe component parts
are within the limits affigned (27) may ferve as a rule
to judge whether the other metals have the requifite
hardnefs for artillery. For example, to compare the
hardnefs of a bronze Z with that of .C or D ; let the
penetration of a punch falling on a picce of fine Englith
tin of a determined quality =1, then find the penetration

., of the fame punch into the bronze propofed, and ex-

prefs it by Z; -;L— will be the propartion between thefe

penetrations.  But by the experiments in the preceding

paragraph 2—:— is the proportion between the penetra-
4

. . ) I
tions into the tin and the bronze D. If then-. =

=92
Z 40
the propofed bronze Z will be as hard as the given

bronze D ; If —~~ 9% Z will be harder than D, and if
Z " 40
-72—<%2, D will be harder than Z.

31. There are different methods of finding the proportion
of tin in any bronze, but they give at beft but an approxi-
‘mation.

In the firtt place, the compolfition of a bronze may be
determined by finding experimentally its hardnefs and
tenacity, and comparing them with the hardnels (2g)
and tenacity (Inftit. Phyf, Mic. 64.) of a bronze given
as a rule; if they correfpond in thefe two properties,
they may be faid to be of the fame quality ; but if one
be equally tenagious, byt lefs hard than the other, or

- equally
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equally hard and lefs tenacious ; it will be a proof that
the proportion or quality of the component metals is
different. ’

In the fecond place, the compolition of bronze may
be nearly afcertained by found and colour; for if on
ftriking it with a hammer, it be very fonorous, the tin
abounds, and vice verf. When the filings of bronze
appear red, it contains but little'tin ; when they appear
fparkling and whitith, the tin is in great quantity: a

ellow colour denotes that there is a great proportion of
Zrafs. If a piece of bronze be broken off with 2 ham-
mer, and at the point of feparation hardly any particles of
copper can be perceived, it is a fign that the proportion
of tin is about % of the copper; greater than ; when
the feltion appears of a whitith caft; and lefs when many
particles of copper are perceptible.
* In the third place, fome idea may be formed of the
proportion between the tin and copper, by knowing
the quality of each, and afcertaining their fpecific gra-
vities ; but this method is not accurate, on account of
the fpunginefs of the copper.

CHAP IL

Or THE HarpNEss aAND TenaciTYy oF GUN-METAL.

32. TO prove more clearly the neccflity of having a
hard and tenacious-metal for catting guns, and be enabled to
affign certain limits to thefe two properties, fo that the pieces
may be fufficiently firong, withuut unneceflarily increafing
their weight or incurring other inconveniences {8, g), the
forces that tend to deftroy the guns, and the manner in
which thefe forces a&t, thould be confidered.

Fired powder tends to deftroy guns in three different ways.

1. By the preflure of the elaftic fluid againft the infide
of the cylinder.

2. By the effe@s produced by a wad, or other fimilar
fubftance, when placed at a confiderable diftance from
the powder, if the charge be fmall, or contiguous
to it, if the charge be fuperabundantly large : f%:_rhin

cither
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either cafe, the elaftic fluid generated at the bottom of
the eylinder, is fo much accelerated in its motion before
it reaches the refiting body, that it alts with great
force, and meeting with obftruthion exerts againft the
fides of the gun, a power much greater than that pro-
ceeding from the preffure alone.

. By the irregular motion of a fhot, which ftriking
againft the fides, makes cavities and furrows, and alters
the figure of the cylinder; which would render the gun
liable to burft, if the metal were not much thicker than
neceflary to refift the preflure of the elattic fluid,

- 33. To know how far tenacity combined with the thick-
mlss of metal can refift the force of powder (32 No. 1, pl. 1,
Fig, 1.) Let the figure reprefent a feGion of the charging
cylmder at right angles to the axis of the piece, and AB=~r
the radius of the bore BF G D, and B C =m the thicknefs of
metal: fuppofe m =the diameter B D, the theorem gg62 nr=
mg is the expreffion of a cylinder, which burfts longitudinally,
and m=2r; then fubfituting this value, and corre&ing t
expreflion 498158 =¢; # fhews how often the fluid generated
from powder is more elaftic than the natural air under a mean
flate of the atmofphere, and ¢ exprefles in pounds the weight
requifite to overcome the tenacity of the metal. Suppofe
the elafticity of the fluid be at the higheft degree, wiz. equal
to that produced under a very dry flate of the atmofphere,
in a veflel that invariably preferves its form, whence it can
only efcape by the vent, n = 1goo ( T'reatife on Powder 137}:
then 4381 x 1goo=g463n00 tbs. which is the tenacity re-
prefenicd by ¢ in a thickneis of metal equal to the diameter of
the bore and in equilibrio with the given prefflures. The
tenacity of bronze compofed of common copper and § of
tin is 12909386 ; and of bronze containg ;. of tin 11881360
(Plilof. Inftit, 64); hence if cither be ufed for cafting can-
non in the proportions of heavy artillery, the tenacity will
be greater than is requifite ; particularly as in practice, the
greater part of the fluid efcapes through the mouth of the
gun, where it encounters no other refiftance than the frition
of the wads, and weight of the fhot, fo that the elaﬂidtx
never amounts under the moft favourable circumftances to 3
of the greateft elafticity 1goo. Wherefore gun-meral may
be compofed of copper and & of tin, without any rifk of
the gun’s burlting,

34. Thr
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34. THE OFFICERS OF ARTILLERY, in order to afcer-
tain whether guns caft of the mixture M (2g) oppofed fuffi-
cient refiftance to the greateft preflure of the elaftic fluid,
made choice of a 32 pr. called the Invincible, in which
the thicknefs of metal at the breech was equal to one diame-
ter of the bore, and the thicknels at the end of the firft rein~
force equal to -:—g of that diameter. In the month of May,
1771, this gun was loaded with 161b. 60z. of  fine war
powder, the wads were of twifted hay, rammed down by
fix firokes from two gunners; the reit of the cylinder was
filled with clay very clofely prefled, and a tompion ot wood
wedged into the muzzle: the gun thus loaded -was placed in
a ditch, prepared for the purpofe, and firong {takes-driven
on each fide to prevent the leaft motion ; a heavy beam was
fixed behind the breech, and another before the muzzle, to
force all the fluid to efcape by a hole made in the axis-of a
bouch fcrewed into the vent. The charge being fet fire to,
all the fubflances were forced through the mouth of the piece,
and the beam placed there blown into the air.. The gun
was carefully examined, but not the-leaft flaw difcovered,
though every inftrument and method were ufed for that pur-
pofe : it was afterward filled with water, and fuffered to re-
main in that ftate for five hours, at {fuch an elevation as to
caufe 2 ftrong compreflion, yet not a fingle drop oozed
through,

35. It has been already obferved that metals lofe their te-
nacity when heated, and compound metals morc than fimple
ones ; wherefore the oftener the guns are fived the lefs tena-
cious the metai becomes. This heat however is never fo great
as to fire the powder in loading the piece; befide the artillery
men either ceale firing or. cool the gun with a wet fpunge,
when they are apprehenfive of its being too hot: whercfore
we will confider this heat as the higheit term in comparing
different tenacities. Bronze containg + of tin lofes at molt
athird of its tenacity, when heated fo as to fire powder; or
in other words, its tenacity is only equal to 7358758 ; and
bronze containing § of tin and heated to the faine dearee
lofes only a fourth of its tenacity, which is thus reduced to
9682040 : then, if in the theorem 49817n.249, 1200 be
{ubftituted in the place of »; (fince (33) in the common
fring < 3 x 1900,) 4981 X 1200=5977200 equal to the

H preflure
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preflure of the fluid : wherefore the tenacity of thefe mesals
heated fo as fire powder, is flill greater than is neceflary,
when the thicknefs of metal at the charging cylinder is equal
to a diameter of the bore.

36. The following experiments made by the Orricens
OF ARTILLERY, in the fpring 1770, at the PracTICR
BatTery will prove the above propofitions. A 32 pr.
called the Sarcsphagus conftructed on the fame t and
of metal of the fame quality as the Jnvincible, was fired 800
times with fhot, the windage of whiclr was agreeable to the
prefent eftablithment: the charge of 81b. 12 oz. of fine
war powder was ufed; two gunners gave five firakes to the
wad over the powder, and three to that over the fhot; the
gun on its carriage was placed upon a horizental plat-
form ; 100 rounds a day were fired at the rate of 12 in an
hour, which is more frequent than in the hotteft firing at
fieges, as on an averape feldom more than g rounds can be
fired. After the experiment, the piece was carefully ex-
amined, but no flaw difcovered ; the part of the cylinder
from the muzzle to the wad over the powder wag per-
fectly {mooth, and the gun having been each time poimed
to the buzz, the fhot were all thrown in a dirett line; the
infide indeed of the charging cylinder was become rough;
but this could not affect the (ervice of the gun, and was attri-
buted to the liquefaction or calcination of the particles of
tin that lay on its furface. It has often happened that en
heating the breech of a gun, to repair the vent which had
been entlarged by firing, the exterior furface has become very
rough, and when the tin has not been properly mixed with
the copper, little cavitics have been formed : the irregular
enlargement of the vent further proves a want of due exa@-
nefls in mixing the metals. :

The Sarcophagus had a chamber at the bottom of the
cylinder, the upper part of which was confiderably corroded
by the powder that efcaped through the vent ; this will be
accounted for in the eizhth chapter,

37. Having thus confidered the refitance of guns with re-
fpect to their tenacity combined with the thicknefles of metal,
let us examine why hardnefs is likewite neceffary, and how far
this property thould be carried. For this purpofe, the a&ion of
the fluid on the {ides of the gun, particularly at the part
where the wad is placed between the powder and fhot, mutt
be known (32, No. 2). The cafieft and moft effe@ual

method



OF GUN-METAL. 118

method of afcertaining this, is to make experiments with
two guns of the fame calibre, but caft from different mix-
tures : Let one gun be caft from a foft mixture, in which
the tin does not exceed ;% of the copper ; (Pl 1, Fig, 2,) let
the charge be equal 10  of the weight of the fhot, and be wad-
ded as ufual; after the difcharge it will be feen that from
A, where the fhot was lodged, towards B the bottom of the
bore, the fides are diftended all around, and the orbicular
cavity A CD in fhape of a pear is formed, whofe greateft
depth is at C where the wad was placed between the powder
and fhot; that it diminifhes gradually towards B, and ceafes
entirely at D, at the diftance of about two diameters from
B. On charging this gun with a quantity of powder equal
to .the weight of the thot, the cavity will be increafed, but
its greateft depth will ®ill correfpond with the fituation of the
wad between the powder and thot.  If, inftead of being con-
firuQted according to the proportions of heavy artillery, the
thicknefles of metal be only in equilibrio with the fluid ;
the gun will burft at the point of the greateft depth of the
cavity ; orat leaft the metal, if foft and ductile, will bulge out.

Let another gun be caft on the fame model from a harder
metal, in which the tin is equal to 3 of the copper, and
undergo the fame proof: after repeated firings no cavity
or other alteration will be found, provided that it was
properly reinforced; but if the thickneffes of metal be
only proportionate to the preflure of the fluid, the gun will
burft where the wad is placed between the powder and thot.
Other. experiments will be adduced in the courfe of this
work, more fylly to evince the neceflity of combining hard-
nefs with the thicknels of metal.

Sportfmen know by experience, that though the barrels of
their fowling-pieces may refift ftrong charges when the wad is
contiguous to the powder; yet when a high wad is placed
half a foot from it, even if the powder be of a weak quality,
that they will burft at that part, People unacquainted with
the theory of the elaftic fluid generated from fired powder, pre-
tend that the burfting of the barrel is owing to the rarefa&ion of
the atmofpheric air intercepted between the powder and ‘wad;
bt whoever knows how to eftimate the force of this air, and
compare it with the force which the fluid exerts againtt the
wad, will be convinced that the ation of the latter is the true

caufe.
' H2 38- The
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38. The neceflity of cafting guns of hard metal, in order
to avoid the cavity (37) formed in the bore, is further de-
monftrated by the following experiments made in June
1759, by the OFricers oF ARrTiLLERY. Three 16 prs. =
were conftruted with the common proportions of battering
guns, but each Was caft from a different compofition; the _
firft was the common mixture, that has been in ufe among
our founders for feveral years, and contained tin in the ratio
of 8 to 10 in the 100lbs, of copper: the fecond was the
mixture R ; and the third T (29). Three rounds being .
fired from thefe guns, under an angle of 15° with 81b. 12-
oz. of powder ; a cavity was found in each of them ; with
this difference, that its depth was greater in proportion as the
metal contained lefs tin; for on meafuring the cavities, the
one in the gun caft from the common mixture was 4y of
an inch, that in the gun from the mixture R 1%, and that
in the gun from T ;%. Two thort 4 prs. one of which
had been caft from the common mixture, and the other
from the mixture R, were likewife fired with 1 lb. 10 oz.
of powder; the cavity in the former was ;% of an inch,
and that in the latter %,

39. The refults of thefe experiments induced the officers
to examine twenty 32 prs. which had been proved in the
common method, by firing three rounds from each. They
made ufle of the inftrument invented by Sic. MaTTE],
mathematical inftrument-maker to the king, for taking the
exadt figure of the bores of guns. Ten of thefe guns had
been proportioned on a fcale made from the diameter of the
thot, and caft from the mixture R : they were fired with
thot at the elevation of 15° with 162 lbs. of war powder ;
on examination they were all found to have a cavity in the
figure of a pear, where the wad was placed between the
powder and fhot; the cavity was two diameters in length,
and '; of an inch in its greate(t depth.  The other ten guns
had been caft from the common mixture, which was harder
than R (2g, 38), and proportioned on a fcale made from the
diameter of the bore : each of them was fircd three times with
fhot at the elevation of 221°, the firft time with 17%1b.
of cannon pewder, the f{ccond time with 22lbs. and the
third with 26 ; Ib. an orbicular cavity was likewife found after
the lalt difcharge in all thefe guns ot about three diameters in . .
length and 'y of an inch in its greateft depth, at the part
where the wad had been placed in the laft charge. Hence

- - appears
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appears the neceflity of having gun-metal fo hard as not to
admit of any cavity being formed by the ation of the elaftic
fluid, which is more violent in proportion, as the charge
occupies a greater length of the bore: wherefore, though
cannon powder is lels inflammable than war pewder, (T eatife
on Powder) and confequently generates lefs elaftic fluid in
equal times; yet, in the guns formed of the common mix-
ture, and fired with 261 ]b. of cannon powder, the lefs
quantity of fluid having a longer {pace to pafs through, ac-
quired greater velacity ; fo that notwithflanding the fuperior
hardnefs of the metal, the cavity was of the fame depth as in
the gdns caft from R and charged with 161 Ib. of war powder.
‘4K To confirm the refult of the foregoing experiments,
a 32 pr. caft from the common mixture was, in Auguft
1759, fired twice with each of the following charges of fa-.
luting powder, which was the ftronge(t then at hand; five
ftrokes were given by two gunners to the wad over the pow-
der, and three to that over the fhot: the piece was laid at
the clevation of 224°.

ExpPERIMENTS IN 1759,

Weight of Powder. Length of Range,
. ox. Yards.
9 4 3968
13 2 4456
i6 6 4659

After "the two firlft rounds, the gun was examined, but
no cavity difcovered ; after the two rounds with the 13 Ib.
20z. an orbicular cavity was formed, whofe greateft depth
was 5 of an inch, at the pofition of the wad between the
powder and fhot; and after the two rounds with the 161b.
6 oz. the cavity was much enlarged, its greatelt depth was
< of an inch at the place where the wad was lodged at
the laft difcharge.

41. Some rounds were fired in September 1759, from an
8, 16, and 32 pr. caft of a metal fimilar to D, M, (29);
in order to determine the proper degree of hardnefs for
preventing the formation of orbicular cavities, even with
extraordinary charges. The charge was of faluting powder,
equal to 2 of the weight of the fhot; the guns were laid at
15°, and the wads rammed as before - after the experiment,

H 3 | nog
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not the leaft alteration eould be obferved in any of the gung;
this degree of hardnefs may then be looked upon as fuffi-
cient, and this conclufion has been fully ]uthﬁed by fubfe-
quent experience.

42. The third method, by which the powder tends to
deftroy guns (32, No. 3) now remains to be confidered.
In the wars of 1723 and 1742, there was an oppoitunity of
examining guns of different nations, that had been rendered
unferviceable by the fhot firiking againit their fides, and
making cavities, furrows, cracks, and fwellmgs, which had
caufed fome of the fhot to break to pieces in the guns, and
cut the metal very deep; as appears from the reports made
by the officers of-artillery, appointed to examine them be-
fore they were recaft.

Thefe accidents may be accounted for by the geheral cuf-
tom the nations of Europe had before the middle of the
prefent century, of leaving it entirely to the founders to mix
the metals; they, not aware of the neceffity of having a certain
tenacity and hardnefs, procceded without any regular fyftem:
whence frequently arofe a remarkable difference in the refift- .
ance of guns caft by the fame founder. In proving new
guns, the charges occupied a preat length of the bore; at the
firlt round, the powder was equal to § of the weight of the
thot; at the fecond to }; and at the third, was cqual to itin
wcxght fo that it the metal were not of fufficient hardnefs,
an orbicular cavity was formed at the pofition of the wad
between the powder and thot, without the leaft attention
being paid to it: lefs charges bcing afterwards ufed on fer-
vice, the thot was placed in this very cavity, which caufed it
to take an oblique direftion, and ftrike againit the fides
under angles of incidence, fo much the greater as the
cavity was the deeper; thus by degrees the gun was rendered
unferviceable.

The refult of experiments made in May 1753, and
in uly 1759, will further fhew the inconveniences arifing
from the formation of orbicular cavities in guns. For the
firft experiments, three 16 prs. were caft of the common
mixture (38) at the fame time, and from the fame fur-
nace, to render the metal homogeneous, and for greater
accuracy conftructed with the fame proportions; the only
difference being in the calibre : for the diameter of the fhot
being divided into 82q0c parts, the calibre of the fmalleft gun
was 8463 of thofe parts, that of the fecond 8505, and tha;

0
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of the largeft 8580. Shot perfeltly fpherical and well po-
lithed were cafl for the occafion; none were ufed that were
not exa8ly 82qo of the fame parts in diameter; the propor-
tion between the calibre of the gun and the diamcter of
the fhot was in the gun of the {malleft calibre as 31 1o 39,
in that of the mean as 27 to 26, and in that of the laryeft
as 22 to 21, They were firlt proved as ufual with three
rounds, charged each time with glb. 14 0z. of powder and
laid at 15°, to fee how the cafting had f{ucceeded; no
flaw appeared on examination, exuept at the pofition of the
wad between the powder and fhot, where there was a fmall
cavity ; but its depth was not meafured, as the infirument
for that purpofe had not then been invented (39).

In May 1753, thefe guns mounted on tgcir carriages,
were placed on horizontal platforms, charged with 641b. of
pov.-' 1, and direfted towards the butr; fifty rounds were
fired in the morning in the fpace of four hours, and an equal
number in the afternoon, in the fame time. The principal
object beinz to obferve in what manner the guns were ren-
dersd unferviceable, they were examined at firft after eve
ten rcunds; but fo foon as the leaft flaw was perceptible be-
tween the muzzle and the part where the fhot was lodged,
they were examined after every round. ‘The gun of the
medium calibre became firft unferviceable; fome little cavi-
ties were formed betacen the 4c™ and 5ct* rounds: thefe
increaling in number and fize, we obferved between the
11ctt and 120ott rounds feveral fiffures; the muzzle alfo
began to lofe its thape, the rumber and depth of the cavities
increafed from the 126 to the 137%; 2nd at the 13¢'* round
the fhot broke to picces ; the firing was then difcontinued, as
the muzzle would probably have dropped at the next round.

The next gun damaged was that of the fmalleft calibre ;
fome fmall cavities were perceived in the bore of this piece, be-
tween the 50 and 6¢' rounds, and feveral furrows between
. the 110 and 170 ; at the 208 and 274™ the furrows were
much decper, and the metal was cracked in feveral parts
catirely through ; thefe fiffures increafing between the 220t
and 230*® rounds, the gun became unferviceableat the 233,
when the fhot came out in pieces.

In the gun of the largeft calibre, fome cavities appeared
between the 30™ and 4c** rounds, and fome furrows at the
130, which enlarged at the 219™ and 23¢'*, with feveral
fiffures that penctrated to the exterior furface at the 240t
round ; and as they were flill increafing, it was judged un-

: H 4 neceffary
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neceffary to fire this gun any more, though it was not entirely
unferviceable, '

44. Other experiments were made in July 1759, with
the three 16 pounders, already defcribed (38) charged with
841b. of powder.  After the formation of the orbicu-
lar cavity, fome rounds were fired with 61 lb. of powder,
the thot with this charge lodging in the cavity ; the gun caft
from T being lefs hard than the other two, and the cavity
deeper, it became unferviceable at the 14'" round from the
furrows and bulging in the fides: the gun caft from R
being a little harder, and the cavity not fo deep, became
unferviccable at 31 rounds; the third gun hsing of the hard-
eft metal, was not, unferviceable after 146 rounds, though
it bore evident marks of the impreflion of the fhot,

45- ‘The experiments with the Sarcophagus (36) prove
that when no cavity is formed in the bore, the fhot do not
firike againft the fides, but quit the gun in the direQion of
its axis. The fame bas been obferved of all the guns that
from 1760 to the prefent time have been caft from the new
mixture, and ufed at the Practice Battery for the inftru&ion
of the artillery-men.

46. To demontftrate thay fimilar advantages accrue from
increafing the quantity of tin in the common mixture,
to render it of a harder quality than thofe before de-

“fcribed (43, 44) here follows the refult of firings from
four 16 prs. cait in the royal arfenal in 1748 ; they had
been proved as ufual; each having been fired three times at
the clevation of 22£°, with powder equal to } of the weight
of the fhot av the firft round, { at the fecond, and a charge
cqual to it in weight at the third, After the proof, the
bores of the four guns were perfectly fmooth and without
the lcaft flaw. ‘They were then filled with water, and three
out of the four having ftood this new proof, were received
and nawned Argos, Hedor aud Epirus: they were ufed
feveral years at the battery, and gave excellent praltice;
for after having been fired more than 1000 times, their
bores were as {inooth as at firft : the windage of the fhot
was fome years in the ratio of 20 to 21, and in others of
22 to 23. The fourth gun was rejected becaufe fome drops
of water oozed through under the left trunnion; a fmall
chamber was afterwards made at the bottom of the bore of*
this gun, and the firft vent being opped, another was drilled
correfponding to the top of the chamber; it was in 1749

fired
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fired 256 times in threc days from a horizontal platform ;
the charze was each time 41 1b. of war powder put into flan-
nel cartridges; two gunners gave five. ftrokes to the wad
over the powder, aud three to that over the fhot; the
windage of the fhot was as «+6 to 17, the bore having been
made unneceflar'ly wide. The fhot were projected in a good
direction, and no alteration was vifible in the bore, or at the
part where the water had oozed *hrough.

47. To thefe feveral experiments may be fubjoined a
particulor obfervation made 1a 1737, on -the occafion of an
order given by the King, to carry on praétice in all the gar-
. rifons. Inthe City of VaLENTIA, they made choice of.
alonz 6 pr. which had been caft at Pavia in the pre-.
ceding century with the arms of SPaIN and bouched, a
proof of its having bzen frequently fired ; the bore was per-
feftly ftiaisht and finooth, except fome inequalities at the
bottom, which did not however hold the teeth of the.
fearcher. This gun was each time loaded with 14 Ib. of pow-
der with the ladle, and twenty-four rounds fired daily in 3%
hours from a horizontal platform ; 60 fhot larger than ordi-
nary were picked out equal in weight and diameter and fuffi-
ciently finooth ; they ferved during the whole fummer, bei
dug out of the butt which was in the plane of the battery : the.
windage of the fhot was as 35to 36; the wads were of
twifted hay and rammed as ufual. At the clofe of the prac-
tice for the feafon, the gun was carefully examined and-.
found after 630 rounds not te have fuftained the leaft injury ;
the praltice had been very good, fince at the diftance of 300
yards, a fourth at lealt of the fhot had ftruck a target 3 feet
in diameter, and the reft gone very near.to it.

48. From thefe premiles may be inferred the neceffity of
making gun-metal fo bard and temacious,-that on combining
thefe two phyfical qualities with the thickneffes of metal, artil=
lery may be fufficiently ftrong, light and manageable (32),
and that by judicioufly ufing moderate charges, the advan-
tages of firing with exaétnels and execution, and of preferv-
g the guns already infifted on in the Treatife on Powder,
may be fully obtained,

CHAP.
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,C HAP. I

Or THE GAUSES OF SHOT STRIKING AGAINST THE
o Bores or Guns.

49 ; s HEN the metal is fo hard as even to prevent
the formation of orbicular cavities in the bore, the thot may
firike againft the fides of a gun that is improperly conftru@ed
ar ferved, In the preceding experiments the trunnions were
. properly placed, the bore exactly cylindrical, the wheels of
<" the carriage of eual height and moved on an even platform,
and the (hot had been carefully felected : but if the bore be
not perfelly firaight, or the motion of the gun be the leaft
irregular while the thot is paffing through it, or the fhot be
not fpherical, it muft ftrike the fides whenever the wads do not
clofely confine it; and, of courfe, produce a cavity deep in

rtion to the hardnefs of the metal, the actual velocity of
the fhot at the inftant of percuflion, and the angle of inci-
dence under which it firikes. ' '

50. That the fhot in pafling along the gua may be clofely

confined by the wads may be inferred from the following
obfervation. :
1. The three guns (43) had defells fufficient w0
occafion every fhot to ftrike againft the fides, but this
feldom happened during the firit hundred rounds ; and
though at length the bore was fo much damaged as to
produce a violent fhock at cach difcharge, yet there was
no new appearance for feveral rounds.

2. In other experiments the fhot being rough, in
a fingle round cut the bore in a right line for a confide-
rable length ; an effet not eafily to be accounted for,
unlefs we fuppofe the fhot 1o be fo clofely confined by
the wads, that it could ncither roll nor change its di-
reCtion. As the wads were of twifted hay, it follows
that if they were always made of a foft, in preference
to a hard fubftance, they might fometimes prevent the
fhot from damaging the bore, if its tendency to ftrike
againft the fides be occafioned by the obliquity of its
direction.

§1. The
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s1. The thot (43) were fometimes unconfined, and caufed
in a fingle round cavitiés and other flaws, deep ia proportion
to their obliquity: this occurs when no wad is ufed, as in
firing with red-hot fhot, a richochet orin very quick firing
in the field. .

52. Guns are caft either Tolid or with a ‘core; which
is of a cylindric form. A bar- of iron, fupported by two
uprights, placed at proper diftances from cach other, is
covered with well tempered clay; and when &qual in dia-
meter to the gun intended to be caft, is heated: it fre~ '
quently happens that the work-men. by making the heat
too violent bend the bar in the middle, particularly when
it is made thin as for 4, 8 and 16 prs. In cafting guns
with a core thus bent, the bore muft be crooked; which
defe@ it is afterwards impoffible to remedy with the bering
machine, without enlarging it beyond the ‘proper calibre.
The officers of artillery having in 1759 examined forty-fix.
8 and 16 prs. caft with a core, found twenty-twe of
them bent at the diftance of 12 to x3 diameters from the
muzzle; the curvatures being in fome ;. of an inch, and
in others %. By cafting guns folid and boring them after-
wards, thefe inconveniences are avoided, and the bores are
perfectly cylindric and concentric, if the machine has been
accurately confirudted.

53. One of the greateft defelts incident t6 a gun is,
when the trunnions are placed too near to the centre of gravity.
In guns of this confiruétion, the breech has a tendency to fly
upwards, which renders the firing irregular and thortens the
range, as the fhot often ftrikes againft the upper part of the
bore, the movement of the breech is more violent when
the coins are made of elaftic wood. There are other jrre-
gularities of movement even in guns conftructed on the beft
principles, owing to the unequal height of the wheels of the
carriages or the unevennefs of the ground er platform.

54. Shot which are rough or not {pherical, or that have
excentric cavities are unfit for fervice. Irregularity of figure
or unevennefs of furface are fufficient to change the dire&ion
of a fhot, as daily experience teflifies; the obfervations
already made on moving bodies will explain why internal
cavities not concentric with the fhot, muft produce fimifar
effe@s. If the thot encounter and pafs over any fmall extra-
neous body in its paffage along the plane of the gun, its pri~

mary
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mary direQion will be altered, and it will purfue a frefh ong
communicated to it by the thock againtt the fide of the guny

CHAP. 1V,

Or ™ WinpaGE oF SHor.

5. TH E hardnefs of bronze and iron, and the great’
diﬂslculty of ‘making cannon fhot perfeGtly finooth and fphe-
rical render it almoft impoffible that iron fhot fhould be made
to fit a gun, with as much juftnefs and precifion as leaden
bullets fit carabines : it is neceffary therefore to allow what
is called windage; and for that purpofe to make the calibre
of the gun greater than the diameter of the correfponding
thot : the proportion between them muft be fuch as to allow
for any little unevennefs in the bore of the gun, or on the
furface of the fhot, and to admit of its being drawn out by
the ladle, or other means, if by accident any extrancous body
be lodged in the gun. '

56. If fired powder followed a conftant law, the windage
could be reduced to a fixed rule (55), fo as to guard againft
all contingencies; but as this law is fubject to great varie-
ties, it is neceffary to examine how far the increafe or decreafe
of windage contributes to the more fudden explofion of the
powder. Among the many experiments made in the Treatife
on Powder, to demonfirate the exiftence of thefe modifica-
cations, there is one (rr1) which thews how much the
force of powder in mufquets is affelted by the fize of the
vent; the following experiment proves that its inflammation
and effets are alfo modified by the windage of the fhot.

57. In the month of July 1759, the CommANDER DE
ViNceNTI, colonel of artillery, made the following experi-
ments with two 16 prs. of the fame weight and length,
but of different calibres: the calibre of A was divided into
813 parts, and that of B into 819 of the fame parts ; the guns
were fired horizontally mounted on their carriages upon plat-
forms perfeitly horizontal. The fhot were of two kinds,
and grazed on an even piece of ground about 5 feet below
the axis of the gun; the fhot of the firft kind had the dia~
meter=C divided into 784 of the above mentioned parts,
and weighed 1 Ib. more than the proper weight; the diameter
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=) of the fecond weighing ; more, was divided into 774
of the fame parts. Common grained powder was ufed ; the
charge was 4 Ib. 20z. put into flannel cartridges in order to
colled it exadtly in the fame manner at each difcharge : the
wads Were of junk; two gunners gave three frokes with
a rammer to the one over the powder, and two to that over
the fhot: the following table thews the refult;

Length of Range.
Of the Of the -
GunA. GunB.
No, of Reunds. Yardr. Yards,
X *188 249
2 19g ' *197%
; = 3 196% 224%
With Shot of Diameter=C 2 198F 245
5 *224% 2483
6 197 *213f
I ‘zzx;- ' ‘199;
. ’ . _ 2 193 213
With Shot of Diameter=D { 3 2263  ygp:
4 223 199

After the firings, the bores were as fmooth as before the
experiment, fo that the ranges had not been affeted by the
thot ftriking again(t the fides.

58. On comparing the calibres of the guns'and the dia-
meters of the fhot, the following are in round numbers the
proportions of the windage ;.

With thot of the firft kind. With fhot of the fecond kind,
A:C::28:27 A:D::20:19
B:C::23:22 B:D::18:1y

On placing according to thefe proportions the num-
ber of rounds in two diftin& columns ; comprehending in
the one the irregular firings marked with an afterifk in the
preceding table, but excluding them entirely from the other ;
we obtain the following medium ;

Megpiun
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Y
Mepium oF RANGES.

1ft. Col.inclu-  *2d. Col. exeludihg
Proportion of dingtheirre- , the irtegulas

windage. gular firings. ~ firings.

. Yards, Yards.,
28 : 27 200 197

23 : 22 233 . 247

20 : 19 216 224

1. B ¢ 203 199

From this table of comparifons it may be inferred ;

1. That when thefe guns are fired as above (57) the
fhot has the greateft velocity when the windage is in
the ratio‘of 23: 22.

2. That this proportion is the beft, fince not only
the initial velocity is the greateft, but the percuffion of
the fhot againft the fides of the gun is avoided. _

. That any deviation from this proportion dimi~
nifges the initial velocity.

59. On applying thefe proportions (58) to a fixed dia-
meter, as to that, for inftance, eftablithed for 16 prs. fup-
pofing the calibre of the guns be to the diameter of the fhot,
as 23 t0 22, it would be found :

1. That on firing from thefe guns fthot of a lefs
diameter, viz. thofe of 55 prs. the initial velocity
would be diminithed by .

2. That with thot of 15 prs. it would be diminifhed
nearly ;.

3. That with fhot of a larger diameter, viz. of 16
prs. the lofs of velocity would be about 4.

60. By order of the King an invariable rule is laid down
for all natures of artillery and fhot ; their calibre is pre-
cifely determined, and dire&ions given for afcertaining whe-
+ ther new fhot and guns have been calt agreeably to the pro-
portion therein eftablifhed ; to avoid as much as poflible the
inconveniencies refulting on fervice from want of accuracy in
this particular. There was formerly much confufion on
this fubje@; efpecially when the guns were nearly of the
fame calibre, as 15, 16 and 17 prs. but to taxe away all
poffibility of miftake in future, the calibres of our guns were

fixed



OF SHOT. 127

fixed in 1726, at 32, 16, 8 and 4 pounders. Notwithftand-
mg every precaution be taken to obferve the order in its full
force, fhot are fometimes received which differ in diameter -
from the eftablifjed flandard (59). Shot of this kind may
be ufed when itis) not neceffary to projeét them with the
greateft initial velbcity ; as, for inftance, when the befieged
fire againt 1he firft works thrown up by the befiegers, or to
difmount their artillery; and in richochet firing, or with
hot thot. ,

When there is a number of fhot of different diameters,
they thould be put into feparate piles ; as by ufing them in-
difcriminately, it will be impoffible to fire with precifion or
effect.

61. We learn from the hiftory of artillery, that it has
frequently been a fubje® of difcuffion among profeflional
men, what is the proper degree of windage for preventing
the fhot from firiking againfl the fides of the guns, which 1s
attributed ‘to the want of a jult proportion between the cali-
bres of the guns, and the diameters of the fhot; and after
long confideration, fome concluded that it was owing to the
allowance of windage being too great ; others to its being
too little.

The erroneous idea, that fired powder converted itfelf into
rays of fire, which in their movement followed the law of
folar rays, made them imagine in the laft century that the
figure of burning glaffes was. the beft for the chambers of
mortars. The fame opinion led them to believe, that thot
were impelled by the adtion of the rays in an oblique direc~
tion, if the vents were placed on the upper part of the cylin-
der, and to obviate this, they made fmall chambers at the
bottom of.the bore: but experience has proved, that the
pexcuffion of the thot againft the fides of the gun, is owing
neither to the windage nor to the fituation of the vent; fince
in guns of the fame calibre and with equal windage, fome
have fuftained no injury from repeated firings, while others
have been unferviceable in a few rounds.

62. The only property of windage is to facilitate the move-
ment of a body lodged in a gun, in whatever dire&ion it be
immpelled. The experiments (45, 46, 47) prove that without
any regard to the proportion of windage, no damage enfues
1o the bore of the gun, nor is the fhot thrown with iefs juft-
nefs if the metal be fufficiently hard, if there be no irregu-
larity of motion at the difcharge, inaccuracy in the bore of
the gun, nor defeét in the thot. It refults allo (42, 43, 44)

that
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that if the gun have any of the defe&ts mentioned in the prés
ceding chapter, the fhot will ftrike againft it, whatever be
the windage ; but with this difference, that if the fhot begin
to move in an oblique direltion, the lefs the windage and
the longer the bore, the more frequent will be the thocks;
this is too evident to need illuftration,

63. Our theory of the inflammation and explofion of
pow?lcr defiroys every idea of rays of fire (61), and proves
that the greateft force obtained from equal quantities of pow-
der burned in veffels of different figures is in that wh:re all
the powder is collected the neareft to the vent, by which
means a greater number of grains are fired; or where the fire of
the firft-generated fluid is refleted which increafes the inten-
fity of the heat, and produces more fluid in a given time ; or,
cateris paribus from a proper combination of thefe two cir-
cumftances : hence, curvilinear chambers in mortars, par-
ticularly fpherical ones, caufing a quicker ignition, [ought to
give longer ranges than cylindric chambers. To prove bya
fimple experiment that the pro which burning mirrors
have from their figure of concentrating the folar rays, has no
effett in increafing the force of powder fired in a vefle] of a
fimilar figure; two 16 prs. were conftru&ted on purpofe
at Turin in 1730. (PL 1, Fig. 3) A parabolic chamber
C AD was made at the bottom CD of thebore FCD G
of one of thefe guns, the axis of the parabola was in the
triplicate ratio of the calibre of the gun, the vent corre-
fponding to its focus : the other gun was of the fame weight
and length, its bore cylindric as F K L G, with the vent
placed at the bottom. Thefe two guns were charged with
equal quantities of powder, which exactly filled the parabolic
chamber and were laid at 3° cf elevation; the gun with the
cylindric chamber ranged 414 yards farther than that with
the parabolic chamber.

CHAP.
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.
CH AP V.

Or THE FiGUrRE AND LENGTH oF THE BoREs oF -
Guxs.

64. OU R anceftors withing to derive every poflible ad-
vantage from the ufe of artillery, fixed certain dimenfions for
the conftru&ion of their guns, and eftablithed rules for their
weights and calibres; which gave rife to the cuttomn among
the ITaLians of diftinguithing guns equal in length of bore
and calibre, but differing in weight, into heavy and medium
artillery.

Weicats or Gunas.

Nature of Guns, Heavy Guns. Medium Guns,
Pr, ewt,  grr. b, cwt,  gri. lbs.

32 65 3 16 54 3 18

16 37 2 2 32 O 3

3 20 o 1I§ 17 1 15

4 10 3 26 9 0 19

The heavy artillery is intended for operations that threaten
to be of long duration, as the fieges of fortified towns well
provided with troops and ftores.

The medium artillery is deftined to march with armies,
and be ufed in affairs that muft foon be terminated; as gene-
ral or partial engagements, attacks of pofts or intrenchments,
aflaults of towns, houfes or villages.

65. The ordinary figure of the bores of guns is cylindric;
the length contributes to a certain point to increafe the initial
velocity of the fhot, and give longer and jufer ranges.
(Treatife on Powder). The length of the battering guns
now in ufe, is not fufficient to proje& the fhot with the greateft
initial velocity; but if they were made longer and laizer
charges ufed, they would become extremely unwieldy:
moreover, experience has proved that thefe very long guns
do not throw their (hot with juftnefs ; and the thocks againft
their fides, particularly near the muzzle, are more frequent
and violent when charged with modern powder, which is

confiderably
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confiderably ftronger than that ufed formerly: the charges
then being neceflarily larger, occupied a greater fpace in the
Iength of the bore  Cannon not to be injured by long firing,
and to projeét their fhot with juftne(s (9, fhould be fhorter
than the guns anciently were: but excefs on this fide is to be
equally guarded againft, as on the other; for fhort guns of
large calibre foon damage the embrazures; the initial velpcity
of the (hot, the length of range, and effets on the object
are diminithed; and there is more probability of error in
pointing fhort guns than long ones.

66. After the various opinions that have at different times
been fuggefted on the proper length of guns, intended to
Fre through embrazures, all nations feem to have adopted
with little variation the following proportion :

"Nature of Guns. " Length of Bore,
Pr, Feet. Inchen
32 — 10 ©
16 —_— 9 6
8 — 8 6
4 — 6 9

This is thc common length: when longer they are termed
long, and when (horter, fhort guns. (Pl. 1, Fig. 2.) Set off
on the line BF of a gun of any calibre three diameters of
the bore, for the charging cylinder; divide the remainder C
F into four equal parts at H, G, K, and make FL=FK:
B L may be then confidered as the greateft length that guns
fthould be ever made of, to avoid the inconveniences pointed
out in the preceding paragraph: and if from BEF, K F be
taken, the remainder B K is the leaft length for guns with
cylindric bores.

67. When 32, 16, 8 and 4 prs. (66) are loaded with
the ufual fervice charges of powder and rammed with equal
force, the initial velocitics will in fhort ranges increafe
in proportion as the calibres diminith; but in long ranges,
the (hot from t..c refiftance of the air will be prejeéted farther
from guns of large than of fiall calibre, in proportion to
the diftance; as appears by the following experiments. The
cuns were loaded as above direfted, and the fhot feverally
teil on three fpots below the plane of the battery,

NuMBER
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NuMmserR oF YARDS BELow THE PLANE OF THE

BATTERY.
i ad. ad.
A Yurd. 3o Yards, 190 Yards,
Nature of Guns. Length of Ranges.
Pr. :
32 219 1045 2023
16 2129 1056 1961
8 233 1050 1835
4 238 1003 1703

From the experiments made in the Treatife on Powder,
{101) and others related by fome Frencu Authors to have
been made at DuUNKIRK; it refults that guns of the largeft
calibre give the longef ranges. The experiments at Dun-
XIRK were carried on with 24, 16, 12, 8 and 4 prs.
French guns laid at 45° of clevation; the charges of powder
were equal to } of the weight of the (hot; and the length
of the guns was 11 feet.

Nature of French Guns. Length of Range.
Pr. Yards.
24 — —_ 4817
16 - - 4324
12 —_— —_ 4002
8 — - 3552
4 - - 325¢

68. Hence it may be inferred that common guns of large
calibre will range farther than long guns of fmall calibre;
the latter are principally ufefull againft objets not too diftant
or (olid: of this kind are long 8 and 4 prs. which are
placed to great advantage in fortrefles fituated on plains or
gentle eminences, to keep the cnemz in refpe& and com-
mand the environs of the place; as tewer men are required
to work them, and much ammunition is faved.

. 69. Long guns of large calibre thould only be ufed in cafes
of neceflity ; fome 32 prs. for inftance, may be placed in
works fituated on mountains to moleft the befiegers, when
they can form their magazines and park of artillery out of
the reach of fmaller guns ;Iand in maritime towns 10 ke]ep

2 the
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the enemy’s veflels at a diftance. Formerly inftead of long
guns, they ufed guns of the common length with fpherical
chambers at the bottom of the bore, larger in diameter than
the calibre of the gun; they fometimes ranged farther than
long guns; but thefe chambers (hould be reprobated on ev
other occafion, from the great difficulty of loading them:
they muft be very ftrongly reinforced, the trunnions placed
in fuch a manner as to prevent any irregular movement at—_
the difcharge, and the carriages made to admit a higher ele—
vation than thofe of the cothmon conftrudtion. .

70. Short guns of large calibre and cylindric bore’ may be=
planted on works, where it is neceffary to have guns, but—
not room _fufficient for the recoil and management of longet—
guns : but as they are deftructive to the embrazures, howit—
Zers or carronades are preferable to them, if from the point
where they are placed, it is only intended to fire cafe fhet,
for they do not damage the embrazures fo much as thort
guns 3 their charges being lefs in proportion to their calibre,
and the diameter of the chamber lefs than the diameter of
the bore. ‘ .

71. An army deftined to a& in 2 champaign country
fhould have a train of artillery (64) compofed of medium 8
and 16 pounders. In cafe it may be neceffary during the
campaign to occupy a poft or attack a town furrounded with
occafional works or fingie walls, fome guns of large calibre
fhould be depofited in a fecure place within reach of the
army. The trunnions of medium guns fhould be placed
ncarer the muzzle, which would render them firmer on
their carriages and more regular in their movements.

72. When the fcene of afion les in a mountainous
country, where from the badnefls of the reads the tranfport
of earriages. is almoft impratticable; a few pieces of iron
ordnance may be placed in the pofts of the greateft import-
ance; and the train of artillery left in the rear, till locat
cireumitances or the future oper:tions of the campaign nmake
it neceffary to bring it up. Should there be a neceffity of
having fome fhort guns (66) for opening a paffage through
defiles, &c. the diameter of the chamber thould never exceed
the calibre of the gun, as they are very uncertain in their effedts.

In the laft century very fhort and light guns of different
naturcs and lefs in calibre than 4 prs. were invented for
accompanying troops through rough and difficult coun-
tries; but experience has fhewn that they do nat produce the

advantages
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‘advantages their proje&ors promifed ; and that, independent
of a heavy and ufelefs expence, they caufe much embarraf-
ment in the difpofition and movements of an army.

73. Guns caft of iron of a very tenacious quality may be’
ufed in places of fmall importance, field works and thofe
. parts of permanent fortifications that cannot from their fitu-

ation be obliged to maintain a very long cannonade : they
are generally two diameters (horter than brafs guns of the
‘fame calibre, it having been found by experience that when
very lang the muzzle is foon injured; wherefore there are no
long guns of irom. Iron guns for fhips of war are made
nearly of the length of fhort brafs guns (66 ), for the facility
of loading them within the port-holes to fhelter the feamen
from the enemy’s mufquetry ; for though their initial velocity
be lefs, that is looked upon as a matter of no great moment,
fince fhips can approach near enough to each other to make
the (hot penetrate the fides.

74. In determining the length of the barrels of mufquets,
it was not confidered which would impel the bullet with the
greateft initial velocity, but which was beft adapted to the
different methods of fighting: for mulfquets that are too long
or too fhort are equally inconvenient, and the foldier thould
ever be affured of ‘the goodnefs and effelt of bis fire-arm (7).
Dragoons being deftined to a&t occafionally, either as infantry
or cavalry, are armed nearly in the fame manner as infantry;
while that the carabine and piftol of the horfe being of no
fervice on a charge, but only on detachments or fkirmithes,
the facility and eafe of managing them on horfeback are
chiefly attended to. : :
" gs. Mortars in the firft year that fucceeded to their inven-
tion, were conftrufted of different calibres, figutes, and di-
menfions, according to the various fervicés for which they
were defigned : the bore of the larget was 20 inches in dia-
meter, that of the fmalleft 54 inches ; the latter were called
royal mortars. The largeft mortars at prefent do not gxceed

"15 inches; thofe of 13 inches are molt commonly ufed.
"76. From 'the interior figure of mortars, the elaftic fluid
generated in the chamber is dilated on paffing into the chafes
its preflure againft the thell is il fufficicntte give it a_proper
velocity, unlefs the charge be too fmall; as is feen in carro-.
nades and howitzers, which in refpect to their interior figure
may be compared to mortars with cylindric chamber:. The
igregularities of ranges of mortars fired under a larger angle

. ’ 13 than,
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than 15° may be owing to the bombardiers that load the
mortar; or to the recoil not beigg in the direttion of the
range: the too great length of the chafe is the caufe of both
thete circumflances ; for before the thell can quit the morar,
it has recoiled a fpace equal to half the difference between the
diameters of the mortar and of the thell ; the dire&ion of the
latter is then altered by ftrikingagainft the mortar, which
is frequently muoh damaged.

77. The chafe thould be fo fhort that. the bombardier
may eafily adjuft the powder and the thell; and that the fhell
in quitting the mortar may not be able to ftrike againtt it,
and alter irs recoil.  The chafe of the largeft mortars fhould
be a diameter and half of the bore in length, which would
greatly facilitate the loading : upon this principle the chafe of
fmall mortars might be longer: but as the firiking of the
thell againft the mortar depends on the difference between
their diameters, the length of the chafe muft in all mortars
be proportionate to the diameter of the bore, the proper
degree of windage having been previoully determined.

78. From the moft accurate experiments that have been
hitherto made, it appears that mortars will be of the beft
proportion, when the length of the chafe does not exceed a
diameter and half of the bore, and when the windage is
23:22. If the windage be leflened, the chafe mutt alfo be
thortened, as in mortars ufed in proving powder; where
very little windage being allowed, the length of the chafe is
only a diameter and a quarter of the bore.

79. The beft length of the chafe in mortars, for facili-
tating the operations of the bombardiers and preventing the
thock of the fhell, and the obliquity of the recoil being
determined ; it is neceffary to have recourfe to expedients
to give the greatelt initial velocity to the fhells, which is
often required on fervice without lengthening the chafe: this
is effected:

1. By conftruéing the chamber of fuch a figure that
the pawder being colleted clofe to the vent, more of
the fluid ma. be generated in equal times: the {pherical
figure is the beft for anfwering this purpofe, as has been
explained in the Treatife on Powder.

2. By oppofing a great refiftance to the explofion of
the powder, without increafing the weight of the fhell,
by which means more of the elaftic fluid will be gene-
rated before it is in motion; this refiltance may be aug-
mented by placing a tompion of wood over the earth

- thas
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that is rammed upon the powder, and by preffing earth
clofe round the tompion and the fhell; the initg: vg-
locity will be thus increafed.

3. By increafing the fize of the chamber,

80. Stone mortars are ufed for throwing troops, work-
men, &c. at fieges into confufion : the chamber is in form
of a troncated cane, whofe lealt bafe is towards the vent;
they are fired with finall quantities of powder, as with large
charges the ftones would fpread fo much that fgw or none
would have effe€t. T heir diameter thould not be lefs than
1§ inches, nor the chafe lefs than a diameter and a halt in
length, that it mav contain a fufficient quantity of flones :
by increafing the diameter and length of the chafe, they
would contain more ftones, and confequen:ly be more de-
ftruttive; but then from their weight they would be very dif-
ficult to tranfport.

\

CHAP VL

Or ThHe TuickNESs OF METAL IN Fixe-arms,

81. THERE are two extremes to be equally avoided
in determining the thicknefles of metal in fire.urms , the one
is, making them too thin and light; the other, too (trong
and heavy : the danger ariing from the firft is too abvious ta
peed infitting on; the fecond is com;rized within ccrtain
limits. The metal proportionally diftributed throughout the
whole length of the piece, ought to be capable of relfifting the
forces which at each point tend to bur't it; and of fuch a
weight as to prevent any irregularity in the motion ot the
thot, that would materiallv arfe:t the juitnefs of the tinng
(9) : we will endeavour to alcertain thefe limits.

82. No ahfolute and general rule can be laid d »wn for the
thicknefs of metal in guns, fince feveral phyfical poinrs are
involved in the problem. In agun of agiven calib-e, the
thicknefles proper to refiit the preflure of the fluid, may be
known by firing it very itron ly reintorced feveral times with
the fame charge ; then thinning the metal and firing it again
with the fame charge ; and thus fucceffively diminithing tha
thicknefles, till they he fa reduced tha' the siece burt at o.ce
in every paint of itg length,  Such expgrimengs cannat ba

f 4 conclufive
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conclufive in all cafes, though made with the utmoft accuracy;
as there may be defeés in the mafs of metal, for which
allowance cannot be made.  Toavoid fuch a tedious procefs,
the fcale of preflures of the fluid againft the fhot may be=
conftrudted; this method of reolving the problem is the mo(li
eafy and fimple: but the greater the diftance of the poinmm
where the thicknefs of metal is determined from the place=
where the fhot is lodged in the gun, the lefs exact will be the=
folution, .

. 83. Te enable guns to refift the preflure of the fluid, the=
thickneffes of metal muft be determined from the feale o~
preflures.  With refpect to heavy artillery (64) feveralyounds=
fthould be fired from three or four guns, differing in length
but of the fame calibre as the guns whofe thickneffes are
fought, with the larger fervice charges; the wads rammed
down with more force than with the medium charge ; and
the initial velccity of each fhot meafured. (Treatife on Pow-
der.) To conftrut a fcale for eftimating the proper thick-
nefles of medium artillery (71), the largeft charges fhould
be ufed that the guns will bear, and the wads rammed with
the fame force as the wads of guns more reinforced and loaded
with the common charge: it is effential to obferve this, as
from the different refiftance of the wads, a confiderable diffe-
rence arifes in the ordinate that expreffes the greateft preffure
-of the elaftic fluid, and fucceflively in the other ordinates ; as
may be inferred from the fourth chapter of the Treatife on
Powder, wherc the modifications of the elaftic fluid in the
cylindric bores of guns are confidered. The initial veloci-
ties of the thot being meafured, and a line drawn to exprefs
the fcale of velocities in certain fpaces, the feale of corre-
fponding preflures may be found from this line by the me-
thod direéted in the treatife on moving bodies. It fhould be
remarked that the velocities of thot from guns of large calibre
firgd with large charges, are produced by the preflure and
impulfion of the elaftic fluid, which, generated at the bot-
tom of the bore, aéts with fuch force on the fhot (37) as to
cominunicate to it a conftant velocity, which the fecond wad
however ftrengly it may be rammed cannot deffroy. The
fcale fhould then be parallel to the axis of the gun; and its
diftance from it equal to a right line drawn perpendicularly

. to theaxis, expreffing the conftant velocity produced by the
impulfion of the fluid, ' :

o 84‘ ThiS
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84. This being premifed; let a gun (PL 1, Fig. 4)
A BCD be caft of the fame metal, calibre, and length as
thofe of which the thickneffes are fought, and its dimenfions
_ determined by a right line CD drawn obliquely to A B, fo
that the thicknefs A C of the breech may refift the preflure
of the fluid ; the thicknefs B D at the muzzle will be much
lefs. Suppofe this gun (83) burft at the firft round in any
point between A and B, as at G ; fhould it burlt in feveral
places at once, mott attention fhould be paid to the opening
next the breech. Let F'G where the metal yields to the
preflure of the fluid be thickened in the proportion of the
tenacity of the bronze, heated by firing as much as it can be
on fervice | 35) to its tenacity when cold, and call it = m ;
then m exprefles the proper thicknefs of metal at the point
G of the length A B. It is effential to remark, that the
fraGture in G was occafioned folely by the preflure of the
fluid, and not by the percuffion of the fhot againft the fides
of the gun, nor by any defet in the metal; as may be
known by examination. _

8s. Let HE reprefent the bore of a gun, whofe thick-
nefles of metal are fought; (Pl 2,. Fig. 5) draw the fcale
L OQR (83) of the preflures of the fluid deduced
from the re@tangular ordinates; make E P equal AG (PL 1y,
Fig. 4) and P T equal to m; then if OP be the greateft
ordinate of the fcale L O QR, from the point T draw T Y
parallel to PE for the thicknels of metal from Pto E; in
order to find them from P to H make the following propore
tions; PO:NQ::PT:NV, and PO:HR::PT:HX,
draw a line through the points TV X5 then Y T V X will
be the fcale of thicknefles fought. But if K L be the greateft
ordinate, find K S a fourth proportional to PO, TP, KL;
and from the point S draw S Z parallel to K E, in order to
have the thicknefles from K to E; then ZS T V X will be
the fcale of thicknefles in the whole length E H of the gun.

86. To apply this theory to a particular cafe; (PL 2,
Fig. 5) let a 32 pr. be charged with 13 Ib. 2 oz. of
fine war powder, and the wads rammed fo as not to dimi-
nith” the volume of the powder. Let the proportion of tin
in the gun-metal be ¢ and the gun be fo heated as to fire
powder ; its greateft thicknefs in a ftate of equilibrium will
be KS. If the gun be fired under the moft favourable cir-
cumftances to the inflammation of the powder, that is, #=
3200 (33) the greateft thicknefs K S ought ta be ;% of the
' diameter
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diameter of the bore, and the leaft thicknefs H X between *
and 3 of KS. If the proportion of tin be § the gmtdi'
thicknefs K S fhould be 3§ of the diameter of the bore and
HX Jor3of 3.

87. the following confequence may be drawn from a cone
fideration of the theorem gq62 nr—=mgq (33):

1. That in two guns of equal calibie calt from a dif-
ferent compofition, fired with equal charges of powder,
and wadded in the fame manner; if r and 7 be conftant

uantities, the thicknefles=m at points equally ditant
rom the bottom uf the bore ought to be in the reci-
procal ratio of the tenacity = ¢ of the different metals.

2. That in the fame gun on altering the charge, as
the preffures of the different peints will differ from thofe
produced by the firft charge, the correfponding thick-
nefles fthould be in the ratio of the fecond preflures.

3. That in two guns of different calibres, if the
tenacity = ¢ and the preflure == in points equally diftant
from the bottom of the bore, the fame ordinate wilf
exprefs both ; the thickneffes=m of the two guns in
the fame point will be proportional tq the radii = r and
thence to their calibres.

88. If the thicknefles of a gun correfpond with certain
determined circumflances; (Pl 2, Fig. 6) as for example,
if ABC D be a 32 pr. of which the thickneffes H H,
KK, AL are as before exprefled (86) and it be withed to
determine in 2 gun D CF G of a different calibre, the cor-
refponding thicknefles MM, N N, G P, the problem may
be eafily folved by the conclufions drawn in the laft para-
graph, without having recourfe to experiment : other pro~
blems alfo that are connetted with the modifications of the
fluid may be folved by the fame method

89. The rules here laid down for d:termining the thicknefles
of metal in guns of cylindric bores would anfwer for every
poflible cafe, if the (hot never ftruck the fides: butifina
gun thus proportioned, the thot fhould ftrike the fides, the
metal would yield and the gun burft. Thefe percuflions of
the fhot produce in brafs guns two different effects: they caufe
hollows in the infide, which are always perceptible whatever
be the fize of the gun; but the harder the metal, the lefs
impreflion the fhot makes: thus they cannot be avoided by
adding to the thicknefs of metal, but may by increafing itg
hardnefs; but what is thus gained in hardaefs, is loft in

tenscitys
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tenacity. The fecond effe@ produced by the fhot is the
bulging or externak fwelling of the metal, the cracking
and confequent ruin of the pieces : this depends on the
combination of tenacity with the thicknefs of metal; and
to preventit, the thicknefles muft be augmented. In iron
guns, when the percuflions of the fhot are very violent,
thie piece burits without any hollow being found in the
bore, or any fwelling on the outfide: wherefore, if the tena-
city of iron could be fufficicutly increafed without prejudice
to its hardnefs, it would be preferable to any other metal.

go. To determine the thicknefes from the point T, (Pl. 2,
Fig. 7) where the thot is lodged, to the muzzle of the gun,
and prevent the metal fiom bulging ; it is neceflury to have
the fcale T L M of the velogities in the fpaces TP, T C.
The force with which the fhot flirikes the gun in any point
as in V, is exprefled by the produ& of the weight of the
thot, multiplicd by the correfponding velocity P L, and by
the right fine of the angle of incidence K V A. If thefe
fhocks proceed from a conftant caufe, viz. an orbicular
cavity in T, the point that the fhot firikes is farther diftant
from T as the cavityis lefs deep, and the angle of incidence
K V A becomes lefs. But if the fhocks proceed from any
adventitious caufe, which alters the direCtion of the fhot,
and gives an irregular motion to the gun (s3) then the
angle of incidence may be greater, and the force at the
different points V will be proportional to the correfponding
velocity ¥ L. That the thicknels of a gun may be pro-
portionate to the greateft (hocks it can receive, experiments
fhould be made with pieces of metal of the fame quality
as that of which the gun is caft ; and the proper thicknefs
at the muzzle to prevent its burfting or yielding in any
manner to the fhot determined. Suppofe this thicknes =B
N,then CM:PL:: BN :V Qj theline HQN will be
the fcale of thickneffes fought, and will cut in the point R
the fcale S FR G D of the refiftance to the preflures of the
fluid (88, 89): therefore the line SF R Q N will determing
the thicknd?es throughout the whole length of the piece,
capable of refifting the forces that tend to burft it

91. In thus proportioning the thicknefles of metal ta
the force of the moft violent thocks, the gun would be thicker
at the muzzle than at the breech, and of courfe extremely
unweildy. But as thefe dire&t fhocks can only arife from
fom¢ very uncommon caufe, and th¢ accelerated preﬂ'ur;qf
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of the fluid againt the thot, a& in the dire&ion of the axis;
the thicknefles determined by the line R Q N, may be much
diminithed without any rifque of burfting the gun. The
following obfervations made on more than 100 guns that
were rendered unferviceable by the fhocks of the fhot, may
be adduced in order to afcertain fome limits for this pro-
portion. Thefe guns in refpe to thicknefs of metal, were
of three kinds : the firft were determined by a fcale made
from the diameter of the bore; the thicknefs at the breach
was one diameter ; at the end of the firft reinforce 15; at
the beginning of the fecond reinforce {% ; at the end of the
fecond reinforce 1 ; at the beginning of the chafe 13 ; and
‘at the muzzle %. The guns of the fecond kind were i
the fame proportion, but the fcale formed from the diameter
of the fhot, fo that they were not fo thick as the firft kind.
The third kind was as the fecond, proportioned from the
diameter of the fhot from the breech to the firft reinforce;
but, at the beginning of the chafe was only {+ of the dia-
meter, and at the muzzle 5. The leaft thicknefs of the
fwell of metal at the muzzle was, including the ornaments,
of its diameter in the three kinds of guns. It was ob-
ferved 5 t
i 1. That in the guns of the firft kind, a very violent
fhock caufed neither crack nor bulge in whatfoever
part it ftruck: the force and direttion of the fhock
being gathered fromn the form and depth of the cavity.

2. That in the guns of the fecond kind, the fhot
having ftruck violently between the half of the chafe
and the muzzle, the metal bulged out ; and at the
fucceeding round, the muzzle dropped.

3. In the guns of the third kind, bulges and cracks
were obferved at about % of the length of the chafe;
and though the exterior of the muzzle did not appear
the leaft altered; yet, at the next violent fhock it
dropped. i

92. From the precoding obfervations (86) it may be
concluded ; that if the gun from A to (Pl 3, Fig. 8)
has its thickneffes A C, G D=1% ot the diameter of the
bore, and BF = % ; the right line DF, will exprefs the
thicknefles neceflary to refift the forces that tend to burft the
gun, viz. the altion of the fluid at N, and every other pond
of the length of the bore, and the moft violent thocks trom
the fhot; provided that the fwell of metal H at the muas~

zlg
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%le be not lefs than 1%, and be for greater fecurity conneted
with the mmuzzle aftragal, by the convex line HL K. Gun-
metal not being fufficiently hard to prevent the fhot from
making impreffion when they ftrike with great force againft
any part of the chafe, it would be better, as a means of
obviating this inconvenience in fome meafure, if the moulds
were placed in a different pofition from what they are at
prefent, with the breech up and the muzzle down, as in
cafting mortars : by this method the metal at the chafe
would be denfer than at the breech, and of courfe more
hard and tenacious. This with proper precautions, may be
done whether the guns be caft folid or with a core.

93. Guns conftructed on thefe principles (92) tho’ fuffici-
ently firong are defective in two points: they are too light,
and confequently their motion being irregular, it is im-
poffible to fire with juftnefs ; and there is a neceffity for
placing the trunnions too near the muzzle, that the motion
of the bréech may not be fo violentas to render abortive
every attempt to hit the objet : from the latter circumftance
alfo, they cannot enter far emough into the embrazures;
which are very foon deftroyed by the explofion of the pow-
der. The beft remedy for thefe defects is to reinforce the
gun particularly at the breech, according to the proportions
hid down in the firft book of artillery: it will then be fuffi-
ciently heavy to prevent any irregularity even with the largeft
charges; the trunnions may be placed nearer the breech,
and the muzzle will enter farther into the embrazures.

94. The dimenfions (7, 8, g,) for the body of the piece
being thus determined ; the proper pofition of the trunnions,
cafcable, bafe-ring and dolphins muft be afcertained. The
_trunnions fhould be placed between the-centre of gravity

and the muzzle, that the gun may be rather heavier at the
breech, without rendering it difficult for two gunners to raife
it with their handfpikes, for the purpofe of laying it, and
that ¥ may enter far enou%h into the embrazure ; their dia-
meter is equal to one ¢alibre. The pofition of the dol-
phins fhould be fuch, that when the gun is fufpended by
them, the breech may preponderate a little, that by taking
hold of the cafcable it may be the more eafily managed. Itis
cuftomary to engrave on the upper part of the gun, the
arms of the king and the mafter general of the ordnance,
with infcriptions, trophies, &c. which oblizes the founders
to raife the bafe-ring, and the fwell of metal at the muzzle

higher
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higher than the ornaments, that the vifual ray may pafs over
them. If the bafe ring be higher than the fwell of metal
at the muzzle, the vifual ray will cut at a fmall diftance
the axis of the gun produced ; this will make it eafy to
point at diftant objects that are not much clevated above
the plane of the gun, when there are no higher objeéls be-
hind them to fix the eye, as often happens in the attack
of citadels. The jun&ion of the muzzle to the neck, will
confiderably reinforce the gun at that part. The metal at
-the bottom of the bore is much thicker than at the other
parts, the better to refift the explofion: the formula éPhiIof.
Inftit,) for meafuring the refiftance of the bafes of cylin-
ders, will exactly afcertain the quantum of this excefs.

95- A gun mounted on its carriaigc is fupported by the
frunnions, and refifts the explolive force of the powder by
the tenacity of - the metal of which it is caft: the momen~
tum of this force is exprefled by the product of the weight
«of this part of the gun, into the diftance from the centre
of gravity to the point of fupport. On applying this prin-
ciple to our theory (Philof. Inflit. 233) it will appear that
the metal heated as much as it can be on fervice is greatly
fuperior in tenacity to the different forces that tend to bend
or burft it.

Some guns that had been rendered unferviceable at the
attack of SAvonNa, were ordered to be brought to Piep-
mownT: for the facility of tranfport they were fawed in
picces, which gave an opportunity, previous to the operation,
of alcertaining experimentally the truth of the foregoing
principle: A 32 pr. conftructed on the fame proportions
as guns of the firft kind (g1) was fixed by its trunnions
upon a rock ; the breech was folidly built into a wall, fo
that from the trunnions to the muzzle it was fufpended in
the air ; the part not fixed in the wall was heated by a large
wood fire, till a {tick on touching it {moked, and inftantly
blazed ; a much greater degree of heat than guns ever ac-
quire in the heavieft and longelt cannonades. The gun
being thus heated, two workmen gave more than 100 ftrokes
with a {ledge hammer on the {well of netal at the muzzle,
with all their might, without doing it the leaft injury: from
this experiment where the force employed to overcome
the tenacity of the metal was fo great, we may infer that
the chafe is capable of fufficient refiftance,

g6. From
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¢6. From thefe premifes, the following conclufions may
be drawn with regard to heavy artillery.

1. That long guns ought to be caft of a harder metal
and more reinforced from the middle of the chafe to
the muzzle, as in that part guns of this nature are moft
expofed to be ftruck by the thot.

2. That fhort guns intended to be fired with large
charges thould be reinforced as much as guns of the
common length, fince they have equal forces to refift:
for example, if AT be the length of a fhort gun
that has the fame thicknefs of metal as the common
gun A B; (PL 3, Fig. 8) fuppofing A B to be fawed
afunder in T, the fwell of metal thould be placed at T,
and the trunnions fixed nearer to the breech, to make it

reponderate.

3. It the medium charge be the largeft ever ufed for
thefe guns, and be rammed in the common method,
the thicknefs A C may be 1% of the calibre, and the
other thickneffes diminithed from the breech to the
muzzle in the proportion of commeon guns.

4- If thefe fhort guns are only intended for firing
cafe-fhot without wadding, the calibres may be increafed
and the thicknefles confiderably diminithed. A cylin-
dric chamber made at the bottom of the bore, will leflen
the charge of powder and of courfe preferve the embra-
Zures.

97. If guns (71, 72) containing ¢ of tin only be fired with
the medium charge, and the firft wad receive five and the
fecond three ftrokes from two gunners ; the thicknefles of
metal may be fo proportioned that the weight of medium guns
may be the fame as before exprefled (64); and in thort guns
of cylindric bores (66, 72, 96, No. 3) they may be dimi-
nithed, if the charges be leflened or the wads comprefled with
lefs force.

98. In fhort guns and even in medium guns, (6, 7, 8, 9)
the trunnions fhould be placed nearer to the muzzle as
they are never intended to fire through embrazures: if
this be deemed inexpedient, fome method may be devifed
of fixing the breech to the carriage. Many inventions have
been propofed for this purpofe, of which the artillerift may
conceive an idea from the models in the royal fchools. By
placing the trunnions ncarer to the breech it will pre-
ponderate Jefs, and the gun be more eafily deprefied czr

elevated.
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elevated. The vifual ray fhould pafs over the ornaments
and interfe® the axis of the piece produced not far from
the muzzle (g4). From the conftrudion of thefe fhort
guns, there 1s a very great difference between the dia-
meters of the bafe-ring and muzzle, which being confidered
by fome artillerifts as a defet, a proje€ion was made upon
the bafe-ring of fome guns caft in the laft century, and
pierced with holes; which gave the gunner a free and unin-
terrupted view along the gun, and enabled him to lay ic with
precifion to very diftant objects : others have imagined a
moveable inftrument pierced with holes, the bafe refting ver-
tically upon the bafe ring, by means of which the gun could
be laid at different elevations as the vifual ray paffed through
the holes along the gun towards the obje&t; other holes were
made horizontally to corre&t the direGtion in cafe the preceding
one was wrong: butas artillerifts may fupply the want of thefe
inftruments in a very fimple and eafly manner, it is unneceffary
to dwell any longer on the fubjet.

99. The thicknefles of metal in mortars are the fame as
were ufed by our anceftors for a Jong feries of years. The
theorem gg62 nr*=2rm+m*x ¢ will fhew that the thick-
nefs at the breech in mortars with fpherical chambers is fuf-
ficient to refilt the ftrongeft preflures of the fluid, when the
chamber is filled with fine war powder confined by a tompion
of wood, and the thell furrounded with carth ftrongly com-
prefled. The theorem (Philof. Inftit.} for the bafes of cy-
linders will ferve for mortars with cylindric chambers, but as
the modern powder is much ftronger than that ufed in the
lait century, the thicknefles may be increafed |, and then the
mortars will be {ufficiently ftrong for every purpofe.

100. In moricrs fired with the largett charges, the elaftic
fluid gencrated in the chamber is confiderably dilated on
pafling into the chafe; the fcale of preffures therefore will
very fuddenly approach the axis of the mortar ; whence no
damage can enfueif the thickneffes have been properly pro-
portioned.  Mortars caft on thefe proportions, of metal
containing . of tin, refift the preffure of the fluid, and
every other force that tends to deftroy them, as the impulfion
of the fluid, and the percuflion of the fhell: but if the
chafc be not united to the breech by a confiderable thicknels
of metal, it will be broken off, or at leaft incurvated. If
the metal contain ; of tin, the impreffion of the fhells will
be lefs ; but the thicknefs muft be increafed,

1o1. Mortars
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tor. Mortars are moreover liable to an accident thae
defeats every good purpofe expedted from the ufe of them ;
viz. the burfting of the fhell in the mortar, or immediately
on quitting it.  This may proceed from a defelt in the fufe,
the negligence of the bombardiers in loading the mortar, or
not priming it before the fufe is fet fire to, or from a hole in
the thell through which the fire from the explofion com-
municates with the powder. When from either of thefe
caufes it burfts in the mortar, it generally renders it unfit for
further fervice. Increafing the thicknef(s of metal in mortars,
whatever be the motive, will be always advantageous ; pro-
vided they are not too unweildy: fince in all fire-arms foli-
dity adds to the juftnefs of execution.

102. The trunnions if equal in diameter to the femi-dia-
meter of the mortar will be fufficiently ftrong : they thould
be let into the bed throughout the whole length, or at leaft
the points of fupport fhould be near the breech of the mortar;
for when they are fupported only by the extremities, they:
are liable to bend and break, as has frequently happened.

103- Mortars are made of different diameters according to
the ules for which they are defigned ; thofe from 15 to 20
inches, are for throwing ftones to retard the progrefs of
the befiegers, and are never fired to a greater diftance than
350 yards, as in longer ranges, the flones are too much
fcattered to do execution; their chambers therefore are in
formm of a troncated cone, with the greateft bafg towards the
muzzle and contain but little powder. This mortar having
no great effort to fuftain, may be lefs reinforced: the
thicknefles allotted for fione mortars will anfwer for every
purpofe in which it is ufled, as in throwing fire balls, car-
cafles, &c. .

104. Thirteen inch mortars, with chambers fpherical,
elliptical, or in form of a pear, are defigned for throwing
thells to deftroy magazines and other military edifices. If
it be withed by increafing the range to add to the effeits of
the fhell by the height of the f3ll, the fpherical chamber is
the beft; but then it is neceflary to increafe the thickneffes of
metal, to infure proper refitance and folidity. In the laft
gentury, 20 inch mortars were made with curvilinear cham-
bers to fire from very great diftances, that the fhells might
fall with irrefiftible force on magazines and ather buildings ;
but their exceflive weight has caufed them to be difufed in
land fervice : ¢ven 15 inch Eorms are very difficult to work

upon



146 OF GUN-METAL.

ypon batteries, and the fhcll is very unweildy; they are
principally ufed at fea in bumb-ketches, for the purpofe of.
bombarding maritime places from great diftances,

. 105. Ten inch mortars are very uleful in attack and de-
fence, for difmounting the enemies cannon and demolithing
their works and buildings ; they are not expenfive and catily.
worked: the beft form for their chamber is cylindric; it being
of great importance that the firing from them thould be very
exa&, they fhould be well reinforced to enable them to refitt
the fhock of the fhell and increafe the folidity. Mortars
have been likewife conftru@ted of 5§ and 4% inches in calibre;
they range but a fhort diftance and require the greateft accu-
racy and precifion. It may be inferred from thefe remarks
that mortars cannot be made Jighter without confiderably
diminithing their effecs.

CHAP VI

Or CASTING ARTILLERY.

K
¥06. THERE muft be a combination of feveral cir-
cumflances to infure fuccefs in cafting artillery : unlefs the
metal be of good quality and properly proportioned, the
guns may be defeltive, perhaps ufelefs ; and though much
depends on fcience and experience, yet chance has fre-
quently no fmall fhare in the event. The principal motive
for examining and fubje&ing guns and mortars to various
proofs betore they are declared fit for fervice, is the uncer-
tainty under which the moft able founders have at all times
laboured on this head ; and among the feveral experiments
made to alcertain their goodnefs, there are fome which would
be highly abfurd, were they not intended for the dete@ion
of arufice or ignorance.
107. To fucceedin cafting guns and mortars there muft be:
1. A perfeét connection between the metallic par-
ticles ; which depends on the degree of heat and fufion
when the metal is run from the furnace into the moulds,
2. An exat mixture of the feveral metals.
3. A molt accurate preparation of the moulds.
4. No vacuity in any part of the bore of the gun,
¢hat may render it dangerous to the men that ferve it.
: 108. In
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108. In difpofing the metals in the furnace, the fir
ftep is to weigh thewn feparately, in the propartions previe
oufly determined and place them near the funace. When it
has been heated for four or five hours, it is cleaned and fome
cakes of copper put in at the mouth; which being fluxed
{pread over the furface of the hearth; the reft of the copper 8
then gradually introduced till the whole be fufed; and to
facilitate it fome tin is thrown in (24). When the metal is
thoroughly melted, the fcorie are fcuinmed off with a ladle :
if brafs form any part of the compofition, the proper portion
is put into the furnace and ftirred with the ladle, the better
to mix it with the copper, When thefe fubftances have
attained a proper degree of fufion, the tin is thrown in angd
the fire increaled for half an hour and mare, till the whole
has acquired the degree of heat and liquidity judged neceflary;
the fcorie then {wim on the (urface, and are in part diffipated
with a luminqus appearance ; the remainder is fcummed off,
The mixture is then well ftirred and the furnace opened to
let it run into the moulds.

" If no brafs be ufed, the proper quantity of tin is put into

the furnace after the fcoriz have been drawn away; and
when the mixture js fufficiently liquid, it is ftirred and the
furnace opened.

1cg. In recafting old guns, mortars,-&c. the tenacity
and hardnefs of each piece before it is put into the furnace
thould be afcertained, in order to find what quantity of cope
per or tin thould be added to make it of a particular quality:
fome of the new compofition fhould be fufed and proved to
know whether it is of a proper tenacity and hardnefs. 1f it
be found that the old metal is unfit for the purpofe, it thould
be abfolutely rejeCted; or only ufed in calting ftone mortars.
Being thus affured of the goodnefs of the new compofition,
let the furnace be heated; as the metal muft ncceffarily
remain for a longer time in fufion, fuch a calcination may
take place as to deftroy the proportion between the tin and
copper (24); on which account a quantity of tin fhould be
added to make up for what may have been loft : this has always
been deemed neceffary, and the proportion is fixed at 1 or 2
in the 100, according to the time that the bronze firft put
into the furnace remains in fuGon. But experience and
careful obfervation of the fufion of metals will beft enable the_
founder to decide what quantity of tin fhould be added: A
bright flame denotes that the tin is in abundance; a red

\ K2 flame
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flame that it is in fmall quantity, and a green flame that it
is almott diffipated. Before the furnace is opencd the com-
pofition thould be flirred ; and if there he the leait reafon
to be dubious of its quaiity, a little fhould be raken out with
an iron ladle, and when cold be carefully proved. ™ If the
recaft metal contained any brafs, the zinc will be totaliy dif-
fipated (23); therefore when brafs fhould form any part of
the new compofition, a proportion muit be added before the
f\;mace is opened, not exceeding (28) half the quantity
of tin.

110. The furnace is heated before the copper is put in
(108) to give it the neceflary degree of heat which it would
not otherwife attain; for if it were put in before, the part
of the hearth covered by the copper and the copper itfelf
would never be properly hot; therefore not to leflen the
degree of heat in the furnace or in the metal already fufed,
fmall quantities are put in at a time, that the liquid matter may
fpread equaily over the whole furface. The brafs and tin are
put in when the copper is thoroughly fufed, and juft before
the furnacc is opened, to avoid as much as poffible the fub-
limation of the zinc, and the calcination of the tin (22, 23,
24) ; they are then well ftirred, fince the motion produced
by the fire is not {ufficient to mix them thoroughly.

When old ordnance containing very little tin is to be
recaft, the founders generally put two or three large guns
into the furnace, in fuch a pofition that they may cover as
little as poflible of the bafe, and a moderate fire is kept up
for five hours that the furnace may be well heated before the
metal begins to fufe. If on the contrary, the metal to be
recaft contain much tin, as bell-metal ; the founders know-
ing that the tin accelerates the fufion (24) put a great quan-
tity into the furnace before the fire is lighted, taking care fo
to arrange the pieces that the flame may penetrate between
them betore they melt; and the heat is kept moderate till
the fulion begins ; this in the language of the founders is
ealled putting them into a bath,

111. The calcination of copper and tin may be partly
repaired by the introduction of phlogiftic fubftances, but it is
not judged expedient to have recourfe to this method in
Jarge furnaces: the founders contenting themnfelves with drop-
-ping, wiile the melted matter is running inio the moulds,
fome unctuous {ubltances, as fat, fuct, &c. to prevent the

. calcination.

x12. The
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112" The furnace fhould not be opened (108) till the
metal has acquired a proper degree of heat : for if it be too
hot when run into the mouids or nct hot enough to take the
form, the guns will in either cale be defeive. Tin being
a folvent 1o copper, it would feem that thefe two metals
fhould form a perfe& mixture when in fufion without after~
wards feparating ; as is the cafc in the {mall proceffes of the
chemifts and metallurgifis: but experience fhews that the
effests are different in the more extenfive operations of the
foundry : fince in guns the metal is commonly harder at
the breech than at the chafe or muzzle, for thefe parts being
nearer to the top of the mould contain lefs tin than the breech
does. If from metal of the fame quality and liquidity {mall
and large guns be caft; in the former there will be very
linle difference between the tenacity and hardnefs at the
breech and the other parts 5 but in the latter it will be very
fenfible from the longer {pace of time that the melred metal
takes to congeal in a’ large mould than in a2 fmall one:
Whenever the founders neglect to mzke a perfect and equal
connection between the different metals, there are always

articles of tin found unmixed with the copper, particularly
in Jarge guns; fome are feen almoft pure on the outfide of
the guns in a long ferpentine ridge, others forming fmall
Jumps in the copper: the fame circumftance occurs in vents
that have run, fome being irregularly enlarged ; while in
others caft at the fame time, there is no apparent defe&.
“Thefe irregularities proceed in fome guns from cavities con-
tiguous to the vents; while in other guns no fuch cavi-
ties are vifible.

Among the different guns that were examined, there was
a2 4 pr. that had been practifed with, at ALEXANDRIA
in 60 rounds fired from this piece, the vent was enlarged to
three times the original fize, and a cavity formed fpreading -
from the vent in a ferpentine diretion towards the muzzle
of about 2 inches in length, 4 in its greateft and j in the
Jea(t breadth: the vent being enlarged by the chiffel to intro-
duce a bouch, a ftratum of tin was obferved beginning at
the exterior furface of the piece, and defcending vertically to
the top of the cylinder; the chiffel penetrated the tin more
eafily than the copper that furrounded it. This feparation
is attributed to the property which the copper has of feting
before the tin ; whence the latter remaining fluid for a longer
fpace of time infipuates ]igdf by its weight between the in-

3 terftices
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interfiices of the copper, already in part cangealed, defcends
towaids the botioin, and 1odges 10 -5y cavity 1 Aacs. :

113. 1bis arcumftance did not efcape the oblervation
of our anceltors, and varicus expedients were devied in
the lait century for remmedying it ; {ome thiew a guantity of
tin into the rrough thit condudied the melted marer from
the furnuce to the mould, when they judged that the mould
was about 3 full ; others thought to prevent it bv the ufe
of brafs. Some are faid in order fuddeuly to congeal the
metal, to have drawn out the iron cores from the mou'ds
wlule Loty and to have thrown water into the vacant {pace}
others again were anxious to form very long and weighty
heads, that the copper being (irongly compreffed while fet-
ting, the tin might not be able to defcend. Expernence
hus proved that this lait expedient is the beft; fince in
pieces of large caubre, the differ.nce between the hardnefs
o metal at the breech and muezle is not very confideable,
and haidiy fenfible in pieces of fmall calibre.

114. Gun-metal .s fulible, not only by a great heat, but
even by a modcrate one, with the affiitance ot folvents.
It has been already obfirved that t.n is a folvent of copper,
of whica it accelerates the fufion; but as the quantityof
tin cannot be increafed wihour altering the quality of the
brunze, this expedient can oniy be ufed fo far as the pro-
poiion of ihe ingredients will permit, Tartar and nitre
are the molt powertul folvents; when mixed together in
equal quantities, the chomuis term the compound a white
fux; waien the quaauty of tartar is double that of the
mitrs, a black flux.  As thele two fluxes, efpecially the
forimer, are very -Ctive, mu_h care and circum{peGion muft
b: cvlerved i uany then, to avoid the dammage that the
furnace wouid be expoied 1o, from the violent agitation they
oczalivn.  \When gun-metal is made extremely hot, it is
often very fpungy and porous, pa ticularly towards the muz-
zle, fo that when filled with water, it exudes and oozes
throuzh.  artar is ufed wh n from the great rarefaction
of the air ariiing hom cx'raardinaty heat, the fire is ren-
dered inactive, wnd the metal is infutib'e per fe. But if
firealone will anfwer, the founders ftir and mix the fubftances
well together before they open the furnace, the melted matter
tagn rans into the moulds; and this method has been found
fuficient to rend.r it homogeneous ; for, if {imall quan-
titico be taken out of the furnace with an iron Jadle, while

- the
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the metal is running into the moulds, at the beginning,
the middle, and end of the procefs, the feveral pieces, when
cold, will be homogeneous.

115. If an exceflive heat, whether produced by fire or’
a combination of folvents, be attended with bad effe@s;-a
deficiency in that tefpe&® is not lefs pernicious = for inde-
pendent of the impeifet mixture, the metal does not fet
properly in the moulds; whence proceed the cavities and
flaws frequently obfervable on the outfides of guns after
proof: thefe can neither be attributed to the intrinfic quality
of the bronze, nor the want of proportionable thicknefs,
but to the defeét of heat and mixture; fince the external®
flaws do not extend and communicate with the bore : trom
the fame caufe proceed the afperities vifible on the ornaments .
and bas-reliefs.

The deficiency, in point of heat, does not always arife
from too fmall a quantity of wood being ufed to heat the
furnace, fince with the fame quantity it tikes fometimes
36 oreven 48 hours, to effet what at other times 16 or 18
. are fufficient to do. This can only be accounted for from
a want of elafticity in the atmofphere, which prevents the
wood from burninz with proper alivity; or from the neg-
Je&t of the workmen in removing the cinders, which partly
flops the reverberation of the flame ; thus the fire not being
fo intenfe, it is longer before the metal acquires the proper
degree of fulion.

116. There are fome accidents which baffle the utmoft
caution, as they proceed from varations in the ftate of the
atmofphere. If the melted matter while running into the
mould be expofed to a cold wind, it may be fuddenly con-
gealed, which will prevent a due tenacity in the particles when
folid. After the mould has been heated, if the atmofphere
become fuddenly loaded with vapour, the mould will im-
bibe humidity ; and the melted metal will extract the moif-
ture, which rufhing out and bubbling vechemently, will dif<
turb its fetting. On the contrary, when the mould is per-
fectly dry, repeated experience proves that the metal on
running into a hot recipient, fets better, and becomes more
tenacious and denfe, but lefs hard than when the recipient
is cold.

117. Since cavities proceed from the fpunginefs of the
copper, or from the coldnefs and moifture of the atmofphere
ot mould{ they are found in all parts of the gun indifcri-

K 4 minately,
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minately, and can neither be avoided or difcovered befors
the proof, particularly if the quantity of tin be fmall: but
if it be large, as in bell-metal, thefe cavities are feldom feen,
unlefs the metal be run into the moulds before it is fuffi-
ciently liquid. If the proportion of tin in gun-metal be 16
in the 100, the heads vety long and thick, and the turnace
not ed till the metal is properly fufed and mixed, there
will mom be any eavities large encugh to affe&t the fervice
of the piece.

As no rule has yét been laid down for afcertaining the
sbfolute degree of heat, founders muft depend on their own
obfervation ; and though they may fometimes be deceived
(107) yet a competent fhare of knowledge derived from ex-
perience will enable them to judge with tolerable accuracy
when the fumaces are properly heated.

118. From the preceding oblervations on gun-metal and
the method of cafting artillery, we may conclude:

1. That the metal muft have certain phyfical quali-
ties to enable the guns to refift the forces that tend to
deftroy them.

2. That great art is requifite in reducing the metals
to a proper degree of liquetaction.

It refls with the officers of artillery appointed to fix the
proper proportion for the different natures of guns that are
to be caft, to afcertzin the phyfical propertics of the gun-
metal ; it depends on the founders to flux the metals, and
form the moulds in fo nice and accurate a manncr, that the
principles laid down by the artilicry officers may be punc-
tuajly adhered to. From a want of attention to thefe dif-
tindtions, it has frequently happened that every thing being
left to the mechanics, they, either through ignorance of the
ablolute neceffity of having particular properues in the metal
or of the means of procuring them, fermed the mixture
without the leaft judgment ; whence arifes the great difference
fometimes found in guns caft by the faine founders after the
faine model.

€HAP.
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e CHAP. VIL

Or Tae Vents ofr Guns.

11g. TH E pofition of the veént contributes alfo to mo-
dify the inflammation and explofion of the charge. (Pl. 3,
Fig 8) 1f in the gun ABM the vent QP correfporid to half
AN of the charge, it will be the moft advantageous pofi-
tion for obtaining the greateft force from the given quantity
of powder ; but then t%:e motion of the breech, though of
the proper weight (84) will be fo violent, as to render the
firing totall&; irregular, and of courfe the fire-arin ufelefs.
The vent {hould be placed at A C correfponding to the bot-
tom of the bore, which will obviate the ill confequnces
attending the former pofition ; and if the bottom of the bore
inftead . of being hemi-fpherical be plane, the charge will be
brought nearer to the vent, more powder will take fire, and
the explofion be more violent, without caufing fuch an irre~
gular meotion in the breech.

120. Chambers in guns are liable to great inconveniences
from the alteration of their figure, as happened at the expe-
riments with the Sarcophagus (36). This gun had at the
bottom of the bor¢ a [mall cylindric chamber ABCD
(P 3, Fig. g) of which the diameter A C was 14%; inch and
the l%ngth A B 2 inches, .the communication F to the vent
F G was diftant from A 14% : the part F N of the vent
made in the gun itfelf was in length 3 2, the remainder
G N was filled with an iron fcrew H L%\/l K 2% in length,
which had been well worked and tempered. After 500
rounds the metal was much corroded at F, and round the
orifice AC of the chamber; and the upper part PABF
was confiderably damaged towards N. This increafed very
much in the next 300 rounds; the clefts extending towards
N were 14 inch in length; the pricked line Q G Q_fhews
the alteration that took place in the figure of the chamber,
The part NG of the vent formed by the iron ferew was regu-
Jarly enlarged to nearly twice the original diameter: but by the
affiftance of this bouch the piece might yet have been frequently
fired, without apprehending any great increafc in the fize of the

vent;
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vent; its pofition was not at all altered. This fingle experi-
ment {hews the neceflity of fupprefling the ufe of fmall cham-
bers in guns.

121. Several obfervations and experiments might be ad-
duced to prove that when the bottom of the vent correfponds
with the upper part of the bore, it is a long time before it
changes its form ; and that if the metal be cortoded, it is
only round the Jower orifice.

122. It has been obferved (4) that the vents of guns run
fooner as the proportion of tin is the greater ; and in the fccond
chapter the neceflity of having a hard metal to prevent cavi-
ties being formed in the bore was infifted on; but this con-
dition can only be obtained by increafing the quantity of tin,
and thereby rendering the vent liable to run afier a very little
firing ; and it is weil known that when the vent is much
enlarged, there muft be great irregularity and a confiderable
diminution of force in the difcharge : it is neceffary thierefore
to form the vent of fome more refifting metal, which when
enlarged may be eaﬁi}' taken out and replaced ; the beft expe-
dient hitherto devifed, is to infert into every gun previous to
fts being carried on fervice, a fcrew bouch which may be
replaced at pleafure,

123. From fatisfaltory experiments made on the refiftance
of fimple and compound metals with a view to determine
which is the beft for bouching guns, it is in genera! found
that- their refiftance is in propor:ion to the diffizuity of tufing
them in the crucible. T'he following metais were proved
with the mchine deferibed in the [ reatife on Powder
{139) and found to decreafe in refiftance from the firlt to
the laft.

1. Forged iron well worked and welded with the
hammer. :
2. Iron of the fecond {melting,
. Pure copper.
. German brafs.
. Gun-metal containing ; of tin.
Affayed gold.
. Affayed filver.
. Lead,
. . Tin.

Of thefe metals the three firlt are leaft corroded by the
aBtion of powder; but forged iron is the only one that can
be depanded on for making fcrew bouches (122). Gm:i

met
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inetal codntaining fin in the ratio of 1610 17 in the 100 cor-
rodes more eafily than affayed gold; but at 4 to 5 in the 100
it refifts more than German brafs; for which reafon, as was
betore remarked, foft ‘gun-metal was for a long time in
great credit.  But thefe refiltances are mer.ly relative and
can o.ly 3pply to determined circumftances; for if the quality
or quantity ot the powder be altered, the wads rammed with
more furce, or the piece much heated by frequent fising, the
metal will be the fooner corroded and the vent enlarged.

" 124. The firt method adopted fot repairing the ven's of
guns that had run, was the application of a bouc!: : afterward
in hopes « f rot.lly pr.venting or at leaft deterring this accident,
they put into the mouid a prece of copper or iron at the place
where the vent weuld te: this expedient was foon aban-
doned, oh finding that the liquid meral on coming in con-
tadt with a cold body, bubbled and formed cavities con-
tiguous to the vent: and one of the four following methods
was univetfally adopted.

The firft confiited in enlarging the vent ABC D (Pl 3,
Fig. 10) when damaged towards the middle F G and. filling
up the cavity with gun-metal; the metal when cold was
perforated to form a new vent.

The fecond method differed from the firft, only in filling
the cavity with pure copper.

In the third merhod, the vent ABC D (Pl 4, Fig. 11)
was enlarged as before, and an iron bouch P apphed with
the projecion Q Q3 melted metal was then poured into
L M which when coid held the bouch P very firmly ; after-
ward a new vent H K was drilled.

(Pl. 4, Fig 12) The fourth method was to enlarge the vent
very confiderably in form of a troncated cone AMKE, the
fides of which Q R D B L K ferved as a female fcrew to receive
an iron bouch; in the axis of which was drilled a new vent
F G. Thefe different methods of repairing the vents of guns
may be applied according to the damage that the piece has fuf-
tained. but are not equally good. In the firft methcd the
vent may run 2 fecond time, if there be too much tin in the
meral By the fecond, the ven: is lefs liable to corrode
but the copper from its great dultility may fpread and
lengthen, and being detached from the fides of the cavity.
the whole bouch may be blown into the air. The thard
method is preferable to the two former, fince the bouch
gives more refiftance, and is lefs liable to the above accidents.
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In the fourth, it requires more labour to prepare the cavity
but a frefh fcrew may be inferted when the firft is corroded,
‘The old method of ufing fcrew bouches was very imperfe&;
fince they were obliged to vary the diameter in each gun in
proportion to the degree of corrofion.

125. 'n order to derive every poflible advantage from
fcrew bouches, and render taeir ufe more fimple, expedizious,
and geaeral, the following precautions fhould be obferved.

1. To apply during the time of peace to ail guns,

rticularly to battering cannon, a fcrew bouch of iron
in one ot the two methods exprefled in figure 12 and
13; they fhould be formed on the fame model for all
pieces of the fame calibre, that there muy be alwaysa
quantity in ftore,

2. Thehead of each bouch fhould be fo formed that
it may be eafily fcrewed and unferewed ; and of fucha
Jength, that the bottom may exactly correfpond with
the upper part of the cylinder.

3. Not to diminith the metal at the breech too much,

' b)
the diameter of the bouch fhould be lefs than %l; and
to prevent the neceflity of frequently replacing it, its

diameter fhould not be lefs than bQ
4

4. The vent fhould (11g) correfpond with the bot.
tom of the bore, which fhould be a plane figure, "f thefe
operations be executed with exaltnels and precifion by
fkilful workmen, the refiftance will be fully fufhcient g
and there will be no danger of the flames pafling among
the fpirals to damnage and corrode them.

126. The refitance of the lcrew bouch may be cafily af-
certained : (Pl 4, Fig. 12) fince before it can yield to the
a&ion of the powder, it muft be driven forcibly out of the
female ferew and be feparated from its fpirals; or it muft
break off and carry away with it the fpirals of the other
fcrew, which would leave a2 vacuum N B D Q; or it muft
break the fpirals of both. Now as the tenacity of iron far
exceeds that of gun-metal, the fpirals of the female fcrew muft
firit yield to thote of the bouch ; and if the circumference of
a {piral anfwering to the diameter BD) te called = C and its
length D Q_=m, ¢m will be the fection of the fradture; this

fection
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feQion multiplied into ¢ =the tenacity of the metal will give
¢m g for the refiftance of the female fcrew. The formula gg62
n s, exprefles the preflure of the elaftic fluid againft a fuperficies
=3, Then if half the diameter B D =7, and its circumference

=C, S=125 will be the fuperficies of the circle, againft
which the elaftic fluid a@s in the dire&ion F G ;- then 9962
nx r?f, will exprefs the force with which the powder a&ts

againft the bafe of the bouch. For example, if under cir-
eumftances the leaft favourable to the refiftance of the bouch,

r =%, n=1200 (33) and the metal of a lefs tenacious qua-

lity be heated as much as it can be on fervice, mg=7358758
(35) the refitance of the bouch. Now fuppofing m=1 ;
then 49817r= 4981 x 1,200 X § = 1444300 for the altion
of the powder againft the bafe of the bouch : thus the refift-
ance of the female fcrew will be more than five times the
force that tends to drive the bouch from its place; an equi-
librium between the propelling and refiting powers will be
then fully eftablithed, if only part of the bouch QR=7 of
D Q_be fpirated. -

~ 127. When the bafe of the bouch correfponds with the
upper part of the bore, the altion of the powder againft it is
as the preffure : but when the bouch only reaches to LR,
and leaves the vacuum D L R B, then the elatic fluid aéts
againft it with fo much the greater force, as L R is diftant
from ‘the upper part of the bore ; and greatly exceeds the
preflure that it would exert againft the bafe, were the houch
frt the former fituation. The refle®ions in the 2™ chapter
on the orbicular cavities formed in the bores of guns caft of
foft metal, by the impulfion of the elaftic fluid, will convey a
juft idea of this force.

128. To fhorten the operation of making the fcrews,
and at the fame time to obtain a refiftance fuperior to the
. force of the powder, the bouch may be made in the follow-
ing or any fimilar manner. (Pl 4, Fig. 13) Let it be fpi-
rated only from P to L; let P L be about § of F G and the
remainder L F be in a form of a troncated cone H K N H,
the diameter HH being lefs than B D, to form a ledge
B H H D, upoa which may be placed a thin circular péat; c;f

uciiie
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dudile metal, as pure copper; fo that when P L is ftrongly
fcrewed down, the plate may fpread and fill up the fpace
between P L and HF fo exaétly, that none of the elalic
fluid may be able ‘o penetrate among the fpirals.  The for-
mula (126) will [erve to compare the refiftance with the
force of the powder, that acts againft the baf: K N of the
boueh: 4981 nre exprefles the force of the powder, cmg

the refiftance of the bouch ; put K—er in the place of r and

the circumference correfponding to the diameter K N in the
place of ¢, If the circumnference =¢ correfpond to the diar
meter B D of the fpirals, then in the fecond formula puk the
length L P in the room of m; and fince circumferences are
proportional to their diametgrs, thefe may be fubftituted and

the formulas will be 2460 nx KN, BDxLPxQ, _

12g. The refiftance of bouches made on this principle
have ‘been found more than fufficient in pra&tice. Ths
experiments made in 1971 prove the goodnefs of the bouches;
(Fig. g and 13) their refiltance is amply fufficient, and
when damaged they may be eafily taken out and replaced
(127). The bouch (120) was ncither moved or corroded
in the 8oo rounds fired from the Sarcopiugus; and the fame
was the refult of the experiment (34 with a bouch (1lMig. 13),
When the bouches were taken cut, netther the male nor
female fcrews were in the leatt altered, nor had the claftic
fluid or the water which remained in the gun for § hours
pafled the ledge B D.  In the gun called the Paplss, which
in 1771 was tied in the faime manner as the fnvincib-e (34)
with a bouch (Fig. 13), the fame efiefts were obferved,
T'he operation of taking out and rep’acing the bouches takes
up but a few minutes; it may be performed upon the battee
ries without difimounting the guns,

CIH AP;
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CHAP IX.

OF taE ExaminaTioN AND ProoF or xew Guns.

130- IT was obferved in the 72 chapter, that fuccefs
in cafting guns does not entirely depend on the fkill and
ability of the founders, fince it is greatly fubject to cafualties.
The King’s fervice requiring that, befide the precautions
taken at the time of cafting, the greateft attention be after-
wards paid to dete@ any negligence or error; every gun
before it is ufed thould be fcrupuloufly examined and fub-
jeted to various proofs, in order to be certain that the founder-
has adhered to the inftrutions he received.—The obje& of
thefe examinations and proofs is to afcertain:

1. Whether the guns are conftructed on the propor=
tions given to the founder.

2. Whether before the metal was run into the
moulds, the neceffary precautions had been taken to
avoid ail feparations between the metallic particles ca-
pable of producing an unequal refiftance.

3. Whether the tenacity of the metal is proportional
to the thickneiles of the piece; and its hardnefs fufficient
to prevent orbicular cavities from being formed on firing
very large charges.

131. To know whether a gun be properly confiruied,
txo inflruments are uled : the firlt ferves to fhew whether
the piece has been truly bored, and the thickneffes of metal
properly diftributed ; by means of the fecond, the exact
figure of the bore is traced upon the firlt, whereby the leaft
faw or deviation from the cviindrical figure is difcovered
and afzertained. A mirror is afterwards ufed to difcover by
the reflection of the foiar ravs, what cavities, inequalities or
other defects there may be; and with the litte iron initru-
mnllcd the fearcher, theic depths and diameters are mea-

132. To know whether there be in any part fuch a fepa-
fation of the metallic particles, 2s 1o perctrate irom the
exterior furface to the interior cyiinder, tiie zin is fiiled with
»ater and placed with the breech downwards to increafe its

ferce



160 - THPE BEXAMINATION'

force -and make it more eafily pafs between any interflices of
the metal ; it is further preffed with a high fpunge; and in
this fituation the gun is left for three or tour hours. This
proof (hould never be made when the water can freeze.

133. If during thefe examinations (131, 132) any defels
fufficient to make the thot ftrike againft the fides of the gun,
or any holes in the charging cylinder or bore be difcovered ;
if the axis be not exallly in the center, the trunnijons pro-
perly placed or any opening or cavities through which water
©ozes; in a word, if the piece have any defects that can ren-
der it unferviceable or dangerous, or that can tend to pre-~
vent the fhot from being thrown in a true diretion, and no
fafe remedy can be applied ; the gun fhould be without hefi-
fation rejected.

134. When no fuch defefts are difcovered, thé other
proofs for afcertaining with the greater certainty the nature
of the cafting and the qualities of the metal may be proceeded
to. To this end, a few rounds fhould be fired in fuch a
manner, that any defeéts may be difcovered as fully as they
would be, after a long continued firing with the ordinary
charges of powder.

- 135. Todetermine the proper quantity of powder for prov.
ing guns, it is neceflary to advert to the circumftances that mo-
dity its force, from the beginning of the inflammation at the
bottom of the bore, till the ignited fluid reaches the mouth
of the piece; thefe modifications have been enlarged on in
the Treatife on Powder, and may fummarily be reduced ta

the following :

I. ’lshe preffure of the elaftic fluid in the charging
cylinder does not depend on the quantity of powder,
provided that it be equally well collected ; but on the
refiftance oppofed to its explofion towards the mouth of
the piece: and the other ordinates of the fcale of pref-
fures increafe in proportion to the greater quantity of
powder that is fired in the piece. o

2. On comparing two equal charges of powder of
different qualities to which an equal refitance of fhot
and wads is oppofed, the preflures, excepting the firft
by which the thot is put in motion, are greater in pro-
portioni as the powder is ftronger : the difference be-
tween the correfponding ordinates proceeds from the
greater quantity of fluid produced in cqual times, in
two powders of different qualities; whence it refults,

that
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that the elafticity of the fluid in the charging cylinder is
greater in the ftrongeft powder, though the preflure by
which the thot is firlt put in motion be equal in both
charges.

3. The refifance to the explofion of the powder
toward the mouth of the piece, is compounded of the
weight and friction of the fhot and wads ; the refiftance
from frition ccafes as foon as the thot and wads are in
motion ; but the refittance from the weight of the fhot
exifts during the whole length of the piece, and is
greater as the elevation at which the gun is laid is
higher ; this. refittance may be calculated in the ratio of
the right fines of the angles of elevation.

4. The fluid generated at the bottom of the bore on
ftriking the fhot is reflected laterally againft the fides of
the gun with fo much the more force, as the charge
occupies a greater fpace, or as all the powder is more
inﬂantaneou%ly inflamed : whence proceed orbicular cavi-
ties, whenever the hardnefs of metal is not fufficient to
refift the impulfion,

136. From the preceding remarks we may infer that;

1. The proof charge fhould never occupy lefs fpace
in the bore than the largeft fervice charge.

2. The gun fhould be laid at a higher elevation than
when mounted on its carriage,

3. The powder fhould be ftronger than what is gene-
rally ufed, its quantity combined with the greateft re-
fitance of the (hot and wads, and proportioned to the
largeft fervice charge, in the ratio of the metal when
cold, to the metal heated fo as to fire powder (35).

4. If a thot made of a foft metal as lead, uin, &c.

. by any irregular movement proceeding from the ftrength
of the charge ftrike againft the fides of the gun, it thould
be unable to make the leaft impreflion.

137. The defe&s of a gun loaded in this manner will be
as fully difcovered in a fow rounds as with a great number
fired in the common mode ; nor will there be the leaft rea-
fon to be apprehenfive of burfting the gun, if it has been
caft in the manner, and with the proportions already pre-
fcribed. When the guns have been thus fired, they fhould
be again fubje@ed to the water proof and re-examined : and
if any flaw that may prove detrimental to the fervice can be
difcovered (133) they ought to be rejected.
< L 138. There
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138. There may be fome defects fo flight as not to merit
attention ; while there are others that muft be prejudicial,
according to their nature and extent ; as the eccentricity of the
bore, the number, depth and fituation of the flaws or cavi-
ties, the wrong polition of the vent, or a failure in other
points previoufly concerted with the contractor.  As, on the
one hand, nothing fthould induce officers to receive guns
that cannot be depended on ; fo, on the other, they fhould
not be over fcrupulous in their examination, left the foun-
ders under pretence of the minute ftritnefs of the fcrutiny
enhance their price.

139. Iron guns thould be fubjected to the fame proof and
examination : but as the hardnefs of the metal is alcertained,
there will be no reafon to apprehend any orbicular cavities
being formed in the charging cylinder, or any impreflions
made by the fhot in the bore. If properly caft of metal of a
Food quality, they may be proved with iron fhot without
ear of damaging or hurting them ; the quantity of powder
fhould be determined by the thicknefs of metal, agreeably to
the rules laid down in the 6» chapter.

140. The fame precautions and care fhould be taken in
proving and examining mortars : hut any little hollows or
flaws in the chafe may be difregarded, unlefs from their num-
ber and proximity, there be reafon to apprehend an effential
defect in the interior of the metal.

SECOND PART.

OF ProjecTILES.

141, THE R E are two general methods of annoying
an enemy : with miflile weapons ; or with pointed and cut-
ting inftruments.  Under the firft head, the ancients made
ufe of the balijta and catapulta, for throwing large ftones and
arrows to pgreat diftances ; and of fings anid bows for throw-
ing them to (horter diftances.

The
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The invention of the powder gave rife to the cafting of
guus and mortars; which project iron thot and f(hells of
different fizes to very gieat dittances, for the deftry&tion of
men, and the demolition of fortificatio.s and buildings.
The non-commiffioned officers and foldiers of artillery per-
form the operations requifite for producing thefe effeéts.
The theoretical part of the proteflion contifts in certain
principles and rules, with which the officers ought to be
fully acquainted : as from mere practical knowledge they can
never hope to be diltinguithed ; nor can their country reap
from their exertions the advantages expected from a corps,
purpofely fet apart in all armies for this particular feérvice.

Our anceftors feeling the neceflity of regulating their
pra&tice by fixed principles, were foon convinced, that, to
expertne(s and adroitnefs in the mechanical parts, it beho-
ved them to join a juft theory ; that from a knowledze of
caufes they might be ensbled to account for effe@s, and
condu& their experiments without the confufion and abfur-
dity inevitably attendant on an erroneous fyftem.

If it hath not already been fufficiently proved, that an
artiilerift hould be converfant in phyfics and mechanics ; the
fecond part of this work will clearly demonftrate, that unaf-
fifted by fcience, he never can enfure facility and ceconomy
in execution, which is the moit certain and ready method
of obtaining victory, the fole objet of military operations.

142. To this end, each fhot fhould firike the okjest in the
manncr that will produce the beft effelt that civeumflances
admit of ; or in other words, the projectile fhould produce
the greateft effect poffitle in any particular cafe. The offi-
cer then, who commands a battery, fhould examine the
calibre, fha:e and dimentions of the artillery ; the qualitics
and proportions of the powder : the caufes that may modify
in any confiderable degrce the initial velocity of the pro-
jeclile ; the refiftance of the air to its movement ; it’s nature
and forin : the quality and fize of the obje&s againft which
the fire is to be directed ; their relative and abfolute fituation :
the pofition of the enemy’s troops; and the nature of the
ground.  Each of thefe circumftances merit a particplar dif-
cuflion,

) ) CHAP.



164 OF PROJECTILES,

CHAP L

Or rue IniTiaL VEerociry or Projrcrives.

. 143 TH E injtial velocity of fhot and fhells muft be in-
[difpenfably known, before the problems in projectiles can be
folved : but as it may be much diverfified by the quantity
and quality of the powder, the force ufed in ramming the
wads, the elevation of the guns, and the length of the bore;
it is neceflary to treat all thefe circumftances more in detail :
_the po..der will be fuppafed to be the fine war-powder ina
good ftate of prelervarion. '

1. The largelt fervice charges for heavy guns, are
equal to } of the weight of the thotin 32 and 16 prs.
and to 4 in 8 and 4 prs. Thefe charges are only ufed
on particular occafions ; the wads are well rammed, that
the powder being clofely colleéted at the bottom of the
bore, may all take fire in the piece; and that the in-
flammation of each grain being as inftantaneous a5
poflible, the fhot may rave the greaseft initial velocity.

2. The medium charges are | of the weight of the
fhot in 32 and 16 prs. and } of its weightin 8§ and 4
prs. Thefe charges are commonly ufed in fieges, for
demolithing works, difmounting the encmies artillery,
or enfiladiny troops; two gunncers give five flrokes
of the rammer to the wad over the powder, and three
to that over the thot.

3. The fimaller charges are equal to . ; and the leaft
to , of the medium charge. Thefe are only ufed in
parricular cales, which will be hereafter pointed out ;
and are «lways fuppofed to be wadded in the fame man-
ner as the medium charges, in order to compare the
iitial velocities of fhot, impelled by different quantities
of powder,

4. As the difference in the diameter and weight of
fhot caufes a great difference in the initial velocity, the
thot are fuppoled to be of the diameter and weight, and
the guns of the calibre preferibed by the king’s oider,
and caft agreeably to the proportions laid down in the
irlt past of this work, Shot male, as direded in the

firt
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firlt book of artillery, have been found adequate to every
purpofe; nor can their furface be more polithed, or
their fizures more perfed, without incurring an exor-
bitant and unneceflury expence.

144. [he initial velocities of fhot are determined from
experiments made with fkill and difcernment, and conduéted
with care and circumfpection : before we proceed to the me-
thod of determining them, it will be neceffary to mention
thie principles ad.iered to in carrying on the experiments.

1. The piece was always loaded in the fame manner, -
and placed exaltly in the fame pofition, left the refult
might be erroneous. . '

2. Since effets are always proportioned to their -
caufes, when any remarkable ditferencearifes in the courfe
of the experiment, it fhould excite no amazement;
as it muft proceed from negligence or accident. Some
practitioners take the mean refult of all experiments,
but conclufions . drawn from thence muft be faulty.

3. Infpite of the utmoit precaution, there will be
fometimes a flight difference, proceeding from 1he man.
ner of placing or wadding the powder, 8. .

If the variations be not very great, a few more rounds
may he fired; but the mean refult only of thofe taken
that approach neareft to each other : this may then be
confidered as the abfolure refult. If, for example, the
queftion be concerning the length of ranges ; the mean
only of thofe thould be taken, whofe differences do not
exceed 2 in the 100, and no regard paid to the others.
But, thould the ranges vary confiderably, it will then
be neceffary to examine carefully every part of the
procefs, to difcover the caufe of the variations, and be
enabled to make freth experiments in a more exa®
mananer,

145. There are threc methods of determining the initial
velocity of fhot: '

1. By meafuring their penetrations into a homoge-
neous butt-of a known confiftency.

2. By analyfing and refolving into its fimple move-
ments, the curve defcribed by the projetile on quitting
the picce. -

3. By deducing it from the thicknefs of metal of the
fire-arm, when it is in equilibrio with the preffures of
the elaftic fluid, in every point of its length, The
- _ L3 third
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third method is applicable to fufils and pieces of very
fmal}" calibre ; but not to guns of large calibre, fired
witk the common charges of powder: becaufe in the
latter, the initial velocities are compounded of the im-
pulfion and preflure, as has been explained in the firft
part.
. 146. The initial velccities are found very nearly by the
firlt method (145, No. 1.) if the butt be perfeitly homo-
geneous and confiffient. To determine its confitence, fire
a piece of f{mall calibre, with an iron fhot 1 inch in diameter
= D: and meafure the initial velocity =« = 1200 feet, ( Trea-
tife on Powder 164, 165). ‘Then the piece being loaded
and fired as before, the penetration of this fhot into the butt
will be 15 inches=8; and fubfhituting thefe data in the
formuala f5=D U *; we fhall have fx}=;%xr200%;
then f=g6ooo for the confiftence of the butt: let it be
wiitten in the formula, which then becomes gbooo S=D U *.
Place the gun, the velocity of whofe fhot is fought, very
near the butt, and fire ‘ome rounds in a horizontal direc-
tion, in order to obtain the mean =S of the penetrations of
the thot ; fuppofe it =8 feet, and the diameter D of the
fhot = 4 inches ; then by fubftituting thefe data in the for-

6 8> 12
muh’ 96000 X 8=+% U?; hence U= \/(Z_O—_—C)()X—_vaz

4
1517 feet, the initial velocity fought.  In thefe experiments,
the penctraiions fhould be at fuch a diftince from cach other,
thar the loofening of the carth by the firft (hot, may not
facilitare tac entrance of the others; the leat difference will
be then perceptible, fince the penetrations of the fame thot
are as the (quares of the initial velocities.

147. To .ieterminc 'he initial velocities, by analyfing the
curve (145, No. 2); let us take the nrft part ot the curve,
where the effect of gravity has not been fenfibly altered
bv the refiitance of the air. 1t is a matter of indifference,
whether the !pace that the fhot pafs through by the gravi-
tating or imipelling po ver, be firt confidered ; fince the latter
may b- deduced with equal facility from the former, as the
former from the lurrer.  Let us in the firlt place examine
the ipace paffed tirough by the power of gravity.

" 5 Fig. 14.) Let the gun A B, mounted on its car-
riage, be ;. -.d )1 an even and folid piatform, and lLiid in a
horizontal airection A C ; 1o that the thot at the firft graze

may
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may touch the earth in the point G of the horizontal line
D F: the vertical diftance K G between the two planes,
exprefles the fpace=S paffed through by the gravitating
power, and the horizontal line D G=AK cxprefles the
* length of the range, or the fpace =¢ pafled through in the
fame time by the impelling power. If the known value

K G be fubftituted in the formula S=3%38 %" 3 Gin sive

2KG
32. 18
fhot is driven from A to K by the impelling power. Hav.
ing fired feveral rounds, and meafured the length D G of
the ranges, take the mean=¢ (144, No. 3); and confider-

ing this fpace as uniformly paffed through, eftablith the
following propertion ; the time=¢, is to the fpace paffed

» in which the

with great precifion the time =

through=g¢ ,as one fecond, is to the fpace= -f-; which the

fhot would move through in one fecond, if there were no re-
fittance from the air; this {pace is termed the initial velo~

city, For exémple, K G =4 feet, then t= ﬂ _1

32. 187 *

fecond ; and fuppofe AK =700 feet, then ?:-—z/q_li—ﬁ =

32. 18

Zg—: 1400 feet, the initial velocity fought. ‘The initial ve-

locity thus found, is not abfolutely juft, fince the thot, from
the moment of quitting the piece till it touch the ground at
G, has been retarded by the refiftance of the air. If from
the nature of the ground, where the experiment is made,
the vertical line K G be thortened, the initial velocity will
be greater, and approach nearer the truth,

148. To determine the length of the movement of im-
pulfion AM, in order to deduce from it the fpace paffed
through by gravity ; place vertically in M a butt LM N,
lay the gun in a horizontal direion, or nearly fo, and at M
where the line of dire&ion cuts the butt, draw tranfverfely a

| horizontal
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horizontal ling. Fire fome fhot into the butt-as hearly'ss

ffible in the fame, direction, fo that after ‘each round the
vertical diftapce M H between the horizontal line marked
& the butt, and the hole H made below it by the fhot,
. taay be exallly meafured: take the mean M H=S5 (144,

No. 3) and fubllitute it in the formula =, / 2
i 32.18

. meafuring the diftance DL=AM=y, it will give the
’ ﬁ through in the fame time by the movement of
p 3 and confidering this fpace, as uniformly ‘paffed

through, ; ;:M — will be the initial velocity fonght

(;47). ) For example, let A M=200 feet, M H=6 inches,
. k i e

then t= 2x4 =z of a fecond, and v/ Z’MH:'-.‘
S 3218 - 32.18

3 then

le’.? =1200 the velocity fought. The neater the plece 7

%
brought to the butf, the fhorter will be the time, and of
courfe fo much nearer to reality will be the initial velocity.

. 149. Thefe methods of determining the initial velocity
may be applied to guns of all lengths and calibres. The
velocities may be compared together when the experiments
have been made under a conftant ftate of the atmofphere;
bhut as its frequent changes affect the explofion of the powa
der, the following rules (hould be obferved : _

1. To make the experiments under a mean ftate of
the atmolphere both with refpelt to heat and moifture ;
as thz inflammation and explofion of the powder are
then much more uniform.

2. In order to know if the variation of the atmo-
fphere be the caufe of any alteration that ‘may occur,
fome rounds thould be fired from time to time from 2
gun of fmaller calibre of a known initial velocity, as a
wall-picce, placed very clofe to a butt perfeétly homo-
genous, to afcertain whether the penetrations be regular.

3. If the refults be conftant, it will be a proot that
the procefs has been juft in every particular, and that

: the
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the ftate of the atmofphere has not varied. * Any irre-
gularity found in the refults from the gun alone, will
denote that fome neceffary precaution has been neg-
lected : but if the refults from both pieces are irregular,
it will be proper to defer the profecution of the expe-
riments till another day, when the atmofphere is more
fettled : in the mean time the utmoft attention fhould
be paid to rectify any error in the apparatus, or in the
mode of conductin - the experiments.

4. If any interval of time be fuffered to clapfe be-
tween the commencement and the profecution of the
experiments, and there be a difference "in the initial
velocity of the wall-piece, it will be proper to fire fome

. rounds from the gun, in order to compare it-with

the preceding experiments. For example; if in the
morning the initial velocity of a 32 pr. be 1383 feet, and
that of the wall-piece 1696 feet; and in the afternoon
the initial velocity of a 16 pr. be 1424 feet, while that
of the wall-piece be only 1600; a few rourtds fhould
be fired from the 32 pr. the initial velocity of which
muft be neceffarily lefs than it was in the morning;
fuppofe it to be 1315 feet: the following proportion
1383 x 1424

131§ 1498
which would be the initial velocity of the 16 pr. if the
atmofphere were in the fame fate as in the morning.
By this mode of operation, experiments made at any
interval of time, at different featons, and under differgnt
ftates of the atmofphere, may be compared together
with fufficient accuracy:

willbe formed, 1315:1383::1424:

150. If under a mean ftate of the atmofphere, with re-
Ppect to heat, denfity, and moifture, thefe experiments be
nade with guns of medium length loaded as before (143)75
t will be found, on firing them in a horizontal dire&ion: . «

I'e

1. That with the largeft charges the initial veloci«
ties are nearly as follows ;

Narure of Guns Initial Velocities.
Prs. Feer.
32 — 1 g 1 g
16 -— 161
Shot 8 — 1696
4 -— 1720

2. That
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2. That with the medium charges they are very
nearly as follows ; '

Nature of Guns. Initial Velocities.
Prs. Feer.
32 - 1350
16 — 1416
8 — 1449
4 - 1467

3. That with the lefs charges (143) they will be
shout 3 lefs than with the medium charge; for in-
ftance, a fhot (rom a 32 pr. charged with 73ibs. of pow-
der, will be impelled with an initial velocity of about
1180 feet, and a fhot from an 8 pr. with 2ilbs, of
powder, with an initial velocity of about 1269 feet.

4. With the leat charges (143, No. 3) the ini-
tial velocities will be about % lefs than thofe with the
medium charge ; far inftance, 2 fhot from an § pr.
charged with 1lb. 10 0z. of powder, will be impelled
with an initial velocity of 1061 feet; and a fhot from
a 16 pr. with 2}!bs. of powder, with an initial velocity
af 1028 feet, It thou!d be recolleted, that with fmall
charges, the leaft difference in the mode of loading the
the gun, makes a great alteration in the initial velocities,
while with large charges its cffeéts would be fcarcely
perceptible.  The fureft mode of keeping all circum-
ftances as nearly equal as polflible, is always to ram the
wads well.

151. In cxperiments with thrce or four guns of the
fame calibre, but of different lengths, loaded as above (150,
No. 2); the fallowing rule will furnith an approximation
fufficiently exact to draw from it conclufions applicable to
practice.  (PL 5, Fig. 15,) EBF reprefents the bore of a
gun of any calibre; the medium charge of powder D and
the wad § are fo placed, that the fhot A is diftant from B

AF
2 and

three diameters of the bore FE: make FC=

from the point C as centre, with the radius C A, defcribe
the arch A K P R, reprefenting the {cale of initial velocities,
by lines drawn perpendicularly from A F to the arch. To
determine the initial velacity of a fhot fired, for inftance,

fram a long gun B L (66), loaded in the fame manner (150,
No.
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0. 2); 4 normal line L Q drawn perpendicularly from the
»int L in the line A C, will correfpond to the relative ini-
il velocity. To have the abfolute initial velociry, make the
llo..ing proportions : the relative velocity F P of a gun of
ic length B} is to its abfolute velocity, as the relative ,
Jocaity L Q_of the gun B L is to its abfolute velocity ; by
¢ fame method the initial veloci y of a fhot impelled from

n of any length as BG may be found. The fcale
‘?R \Sv.ould ferve for longer guns, but it fhould not be
ed (65).

1 5(2.5Experiments made with a view to determine how
uch the initial velocities of thot are affected by the differ-
ice in the léngths of the guns, fired with different charges
"powder, will be found ro vary very little, from thofe com-
1ed on the preceding principles.

153- From the theory of the inflammation of the pow-
rr in guns of cylindric bores, when all the grains are fired

the piece, the following modifications ought to occur;

r. In diminithing the charges in guns of the fame
calibre but of different lengths, the initial velocities of
fhot from the fhort pieces fhould correfpond more nearly
thofe from the longer ones, as the charges of the latter
dre diminithed ; fince the fhot has its greateft initial
velocity, when in the fhort piece the largeft charge is all
fired in the gun.

2. The greatelt velocity of a fhot projected from a
fhort gun, is with the Jargeft charge that is all fired in
the gun: it is only in very thort guns that this does
not hold good. (Treatife on Powder). -

154. In computing thefe initial velocities, the guns have
en tuppoled to be fired horizontally, or nearly fo: but the
locities increafe as the guns are elevated, which proves
at the entire inflammarion of the powder is accelerated by
e greater refiftance oppofed to the explofion ( Treatife on
wwder). 1f a 32 pr. be fired with the medium charge
sc, No. 2) at 20° elevation, the initial velocity wil{
ceed 1350 feet, and increafe very much, if fired at 36°.

In the following chapter will ‘be fhewn the method of
termining the initial velocities of fhot fired from guns at
sh clevations,

‘CHAP,
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CHAP. 1. -~

Or THE Curve pEscriBED BY CanNoN SHoT.

155. TH E charges of powder for common fervice
have been already mentioned (15c, No. 1 and 2.; the
objets againft which they are dire€ted (hould not be very
bigh; and to fire with effect, be lefs than 1000 yards diftant :
even then the air’s refiftance to the (hot is vary great, though
its effe@s on the gravitating principle be almoft infenfible.
‘When the line of defcent is lels than 260 feet, and the time of
the thot’s flight not more than 4 feconds, the fhot’s path is a
curve of the {econd kind ; fo denominated todiftinguifh it from
the curve of the fourth kind, where the movements of umpule
fion and gravitation are both greatly affected by the refittance of
theair. In the Treatife on Powder, it was demomnitraied that
the air’s refiftance confiderably retarded the movement of
leaden bullets; and i the laft chapter on hydroftatics, the
air’s refiftance to milit.ry projectiles is exprefied in pounds.
In this chapter we provofe- to determine the law by which
the air retards the movemtnt communcr’ed by the impel-
ling power, in anothcr manuer, viz. direetly by its forces.

156. 1o folve this proolem, we u.uit tind experimentally
the fcale of fpaces pafled throvgh during the time of an impul-
fruf movementy vetarded by the mediurt that the fhot ji:'e: in:
the inj 1al velocities may be found by ihe method expretled
in the lait chapter.  Hitherto we have ooly confidered
the effedts of the alterations in the ftate of the atmc{phere,
on the inflammation and explofion of the powder, and con-
fequently on the initial velccities of fhot ; we will now ex-
amine how far they can vary the air’s refiftance to the fhot,.
and render the former conclulions erroneous.

The barometer will in fome degree point out any changes
that may take place, and for greater accuracy, two finall
guns may be fired azain{t a homogenous butt, at any diftance
not lefs than 160 yards ; to afcertain by the one, if the initial
velocities be conftant (149); and by the other, if the air’s
refiftance continue the fame. An elevated ' ot (hould be
chofen for thefeexperiments, where, the gun laid horizontally,
may be directed to the right or left, that the firft grazes

T . of
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of the fhot may feverally be on planes one below the other,
Let thefe different planes be 4, 16, 36, 64, 100, and 144
teet below the gun’s axis; then the time of the thot’s
flight through the feveral fpaces will be 4, 1,12, 2, 2{,and 3
feconds ; thus, the equation of the fcale will be more eafily
found. )

Then, with a charge that gives a known initial velocity,
fire fome rounds towards the place, 4 feet below the piane
ot the gun, in order to obtain the mean of the horizontal
ranges (144, No. 3) which may be cailed dg (Pl. 5, Fig.
47): turn the gun to the place 16 feet below its plane;
fire fome rounds, and call the mean rp; let x5 be the
mean to the place 36 feet, and K yto the place 64 feet
below the gun. On the directrix a K fet off the times s =

S
\/S;T 39 dy ar, an, aK, correfponding to the lines of
defcent 4, 16, 36, and 64 feet ; and ere& from the points &,
r, n, K, perpendiculars to the line a K, refpectively equal
to.the means of the ranges already found; the lineagpby
paffing through the extremities of thefe perpendiculars, will
be the fcale of fpaces paffed through during the times of the
retarded movements of impulfion.

157- 1f no convenient place can be found for this purpofe
the experiments may be made in another manner: on the
fide of a hill or mountain as (Pl. 5. Fig.16) HL A, at the
boitom of which is a horizontal plain M Z, chufe the fta-
tions A, L, H, of different heights ; and from them fire the
gun-in ihe horizontal direftions AK,LF,HX : then the
perpendicular lines GK,PF,Z X will be fpaces that the
fhot fall through by the power of gravity. The longeft of
thefe lines thould be lefs than 265 teet, that the refiftance of
the air may not fenfibly affect the gravitating power, and that
the difference of the heights may not occafion any alteration
in the inflammation of the charge.  From each of the points
A, L, H, fire fome rounds with charges of which the ipitial
velocities are known, in order to cbtain the mean of the
ranges (144, No. 3 ); then fuppoiing that from the point
A the mean of ranges is=D G, from the point L=RP,
from the point H=N Z ; mark upon the dire@rix aK (P

» Fig. 17.) the times correfponding to the vertical lines

K,PF,ZX ; ere&t from the points d,r,», the norm
lines 4¢,7 p,n b equal to the means of ranges already found,
: and
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and drawing a line through the points a g p by, it will be.the
fcale of fpaces in the times of the retarded movemnenis of
impultion.

158. Having conftruced this fcale (156, 157), the refult
of the experiments fhould be examined to tee that there be no
error, and as it is the fcale ot a retarded movement, it fhould
have the propertics expretied in the treatife on moving bodies:
in the firtt place, the line ag p 4y thould be a curve concave
towards the directrix, and tne differences p m, &0, L y be-
tween the ordinates, (hould decreafe in a regular progreffion
from a.to y; wherefore, if the fcale be a right line, or a
curve convex toward the direCrix, it is a proof that fome
errors have been committed in making the experiments, or
in taking the tcfults. Burt if they ditter a little in one or
two points only, it is immaterial, fince fmall errors are ine-
vitable . when this occurs, the diffeieaces thould be judici
oufly correéted. ‘T'o this end, deduct the fecond differences
from the tirit : and if the refults be ftill erroneous, take the
third ditlcrences ; in the latter, the leaft irregularity in
carrying on the experiments will confiderably ditturb the
order of progreffion., T fct this matter in a clear point of
view, {uppofe the following to have been the refult of the
experiments.

Spaces pafled through by the Shot from the impulfive motion
in correfponding times.

Differences.
Seconds of Time: Fees, Firff, Sccond. | Third.
1 —_ 1302 -— — R
2 - 2354 - 1092 | — | —
3 — 3310 — 916 | 176 | —
4 — 4082 — 772 | 144 | 32
s —_— 4730 —_ 648 | 124 | 20
6 — 58y - 5541 94130

If no error be perceptible in the firlt ; but in the fecond,
the progreflion dces not decreale regularly, and in the third
the difference after decreafing from the firit term 32 ta the
fecand 20, increafes from the fecond term 20 to the third
term 30, to corret thefe errors, let the refults be n.odified as
below ; then will all the differences decyealec in a regulac
progreflion and be fufficiently accurate.

Refults
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Refults modified. Differences.
ondr of Time, Feer, Firff. | Scccnd |Thivd.
I —_ 1302 — —_ | - -
2 - 2394 — 1092 | = | =
3 — 3310 —_ 916 | 176 | =
4 — 482 — 772 | 144 | 32
5 — 4736 —_ 654 | 138 | 26
6 — 5292 -_— ss6 | 981 20

159- When the fcale thus modified has the properties
preifed in the preceding paragraph, we fhould proceed ro
amine whether the refults are juft and conclufive.

Fi1G. 17. For this purpofe, if agpby be an equa-
tion ot this fcale, and 7 fh ¢ the equation of the fcale of
velocitiss in correfponding times ( Treatife on Moving
Bodies), which fhould be a curve-line convex toward
the direClrix, whofe greateft ordinate 2: drawn from «
the beginning of the times muft be cqual to the initial
velocity of the fhot, the other ordinates will decreafe in
proportion as the times increafc, and the fcale 5 £ ¢ will
approach the diref&trix, and touch it when the fhot has
entirely loft its impulfive motion. For example, fup-
pofe the equation of the curve agpby tobe "+ ngom
mt; where ¢ exprefles the fpace pafled through by the
fhot from the impullive motion, ¢ the time; m and
» are two conftant quantities which exprefs the initial
velocity : if from this equation be deduced the equation
of the velocities in the times, U= — will

2y n*

— +m¢
4

have all the properties that belong to the retarded
motion ; whence it mav be inferred that the experi-
ments have been properly condued.
Fig. 17. If on the contrary, the equation for the fcale
7p6ybepsr=¢*, where p is a conftant quantity, and

e fcale of the velocities in the times be deduced; U= 23,;:'

tere £=o; the velocity is then equal to o, which is a ma-
eft abfurdity, fince it muft be equal to the initial vclccity
the thot. Again, if p t—1*=4¢" be the equation fcr agp

by
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by where p is a conftant quantity ; and the equation for the

I . p—2t
locities in the times be deduced, U= ——.
{cale of velociti he i , ;7}”——;"
which is an abfurdity ; fince when ¢t =g, the initial velocity is
infinite.

160. In fine, if the fcale of velacities in the times be
conformable to the retarded movement, the fcale of the
air’s refiftance to the fhot at each inftant may be deduced
from it; # this fcale be a convex curve, and its greateft
ordinate at @ with a progreflive {eries analogous to the feale
of velocities, it will be a certain proof that the refult is juft:
but fhould the fcale of refiftances not h:je the requilite pro.

petties, the refults muft be faulty. Froof the equation of the

m
fcale of velocities U= ———— may be deduced the
2y n—+mt,

4

m‘l

le of preflures =p; then p=-
feale d 23 P n*tamtxy inttmt
is an equation that combines all the requifite properties.

161. The refiftance of the air to the rapid movements of
projectiles depends not onlv on the aual denfity of the at-
mofphere, but on the condenfation of the air before the
projechile, whenever its velocity exceeds 1300 feet; for a
vacuum is then tormed behind the fhot, which becomes fo
much the greater as the velocity exceeds 1300 feet,

After repeated experinients and «blervatons on this fub-
Je&, it appears that whe @ rans are fired with charges that
give an initial velocity o/ wbaut 13c0 feet, the formula ¢ =

ert . . . s :
prrep’ will exprefs the retarded motion of impuifion with fuf-

ficient exaltnels for praflice, whenever the extent of the
movement is lefs than 1350 yards : but if the initial velaci-
ties be much greater or lefs than 1300 fect, this formula will
not ferve. The letter ¢ cxprefles the line of projection;
which in {hot impelled iiorizontally always correfponds to the
length of the range 5 ¢ the initial velocity of the fhot, ¢ the
time that it takes to pafs through the fpace -g¢; @nd r a
number proportioned to the diameters of the feveral fhot;
this number is combined with the a&ual denfity of the at-
o mofphere,
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mofphere, and its value may be found by experiment. The
diameters of the fhot are as follows-:

Nature of Guns. Diameter of Shot.
. Pr. Inches.
32 — —_ ~— 5.760
16 — —_ — 4.566
8 - - - 3653
4 — — — 2.881

If from the denfity of the air, =12 in a 32lb. fhot, the
value of r for thot of other diameters may be found by ana-
logy ; hence in a 16lb. thot, r=9.5; in an 8ib. fhot, r=
7.6; and in a 4lb. thot, r=6. If from the denfity of the
air, in a 32lb. fhot r=14; then in a 16lb. thot r=11.1;
in an 8lb. thot, = 8.8 ; and ina 4lb. thotr-=7,

For example, fuppofe from the denfity of the atmofphere
r=12in a 32lb. thot, of whick the initial velocity is 1349
feet=¢; and the value of ¢, the fpace pafled through with
this fame velocity in different times, be required : by fubfti-
tuting thefe data in the forinula; in two feconds of time,

1349 X 12X 2

= feet ; d in th {i =
T2 2312 feet; and in three feconds, ¢

L]
1349X 12X 3
" 1243
feet, in three feconds the line of projetion is 3640 feet.
In a 16lb. fhot with an initial velocity of 1416 feet, the

line of prbjc&ion in two fecondsis ¢ = fﬂi;_:_f_z)ﬁ =2402

=3237 feet. If the initial velocity be 1517

feet; and in 4 feconds is 3985 feet.
In an 8lb. fhot with an initial velocity of 166 feet, the

line of projeftion in 3 feconds is=l§9_-?—_x,—7'-m =3648
7.6+3
feet,
In a 4b. fhot, with an initial velocity of 1550 feet, the
line of proje&ion in 4 feconds is 3720 feet.
Suppofing the atmofphere to become lefs denle, fo that in
a 32lb. thot r=14; then if the initial velocity be 1433 feet,
the line of projection in 4 feconds is 4458 feeta
. M

In
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In a 16lb. thot, with an initial velocity of 1534 fect, the
line of projection in 2 feconds is 2509 fect.

In an 8lb. fhot, with the inital veiocity w7 sano <o the
line of projechon in 1 fecond s 1302 ¢ _
In a 4ib. fhot, with the initial ve.s - .7+ =iz, the

line of projection in 3 feconds is 3612 cct.
162. If from the equation q:i—:_—'; be deduced the fzie

——, which will
r+4t* .
give the remaining velocities, after the fhot has paffed through
the fpace ¢ in the time t. For example, fuppofec from the
denfity of the 2ir r=14 in a 321b. fhot; then if the initial
velocity be 1349 feet, the remaining velociry after 4 feconds

cr

of velocities V in the times, (159) V=

will be V=I349X 24 —g16 feet. A 16lb. thot, with the
1444

velocity of 1416 feet, will have a remaining velocity after 3

feconds of 877 feet.

The remaining velocity of an 8lb. thot, with the initial
velocity of 1686 teet, will after 4 feconds be 766 feet. The
remaining velocity of a 4lb. fhet, with the inital velocity of
1467 feet, will after 2 feconds be 887 feet.

Again, from the fiate of the atmofphere r =12 ; then the
remaining velocity of a 32lb. thot, with the initial veloaity of
1517 feet, will after 2 feconds be 1114 feet: a 16ib. thot,
with the initial velocity of 1484 feet, will after 4 ftconds be
734 feet: an 8ib. fhot, with the initial velocity of 1686 feet,
will after 3 feconds bz 866 feet; and a 4lb. thor, with the
initial velocity of 1€co feet, will after 2 feconds be gco feet,

163. The problems of the curve of the fccond kind (155)
crt 32.18¢3

» S=¢ .
r+t 2

[Pl 5. Fig. 16.) Given the initial velocity=c of a 32lb.
thot fired from A with the herizontal direction A K, to deter-
mine by cxperiment the value of r. Suppofe that the fhot
touch the ground in the point G of the planc D Z, as the line
of proje@ion A K=D (-4, and the linc of defecent K G
are known ; by fubfututing this laft value in the formula

a8 L K '
S— 32:3’ , it will givey/” 3——G:t, and by fubflituting

32.18

may be refolved by the formulas 7=

the
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cre
s the
r4t

value of ~ will be found. For example; let c=1517, and
A K be found by experiment==2655, and K G=64 feet;
gt _ 2655x2
ct~¢  1517X2— 265§
=14. Having thus found the value of r for the 32Ib. fhot,
it may be found for the 16, 8, and 4lbs. from the propor-
tion of the diameters of the thot (161).

164. The value of r being given, to find by experiment
the initial velocity of a fhot fired in any dire&ion. Suppofe
in the firft place, that when the gun is fired in a horizontal
dire&ion A K, the firft graze of the fhot is at G : the line
of projection and the line of delcent being known, by fub-

ftituting this laft value in the formula S= 3218+

the known values of ¢, ¢, ¢ in the formula ¢=

then =2 ; and confequently r==

the time

of flight will be found : the fubflitution of which in the
other formula will give the value of ¢. For example, if
an 8lb. fhot be fired in the fame refifting medium as” in the
preceding paragraph, r=8.8: and fuppofing A Kz:3448
feet, and K G =144 feet, then =3 ; and confequently (=

gxr+t 3478 x8.8+3
rt 8.8x3

Suppofe, in the fecond place, (Pl. 6, Fig. 18) that the gun
be fired in a diredtion A M, forming with the horizon the
angle M AR, whofe value is known ; and, that the fhot
firike the ground in H : by mealuring the horizontal diftance
AR, the line of projetion A M aud the line of defcent
MH will be found. If MH be lefs than 260 feet, the
initial velocity will be greater (154), than if the gun had
been fired with the fame charge in a horizontal direétion,
Let M H=100 fect, then #=2; : let A M=2920, and the
fhot be a 4 pr. fired in the {ame refiting medium as above,
r=7; confequently c=1585s.

165. To determine the angle of elevation (Pl 6, Fig. 19)
DAY under which a fhot with a charge that gives a
known intial velocity=c will from the point A ftrike the
obje&t B, above or below the horizontal line A F.

Draw the perpendicular line B D, and fuppofe D A to be
the direction in which the gun muft be fired, Then as the

M2 angle

=1554-
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angle BAF and the nde AB in the » 7 - . tiwgle

B F A are known, the tides Ay, P s iotnd g

call A¥F=m, BF=n. Since thc . L=
.18¢# . - - ot

s§=32 18 , and the line of projefion sz - ,
2 Sor

DF=3% 18 £ +
-2

— n, according as the point B is above or be-

low F. As in the re@angled triangle AFD, A L'=AF"

+ D F?, by fubftituting the analytical values we fhall have
2,2 42 .3
-the following equanon,;rt— m 22 Iogsrt
Ptartt
-+ n* : whence may be deduced the value of ¢.  If the point
B coincide with the point F and the butt be in the plane of
the gun, the value of 7=0, and may be ftruck out of the
cquation : the value of ¢ being thus known, thofe of B D
and A D may be afterwards found, which will give the angle
of elevation D A F that was fouvht
166. (Pl 6. Fiz. 20.) From the point B to hit the objed
L firuated in the famc plane as the gun : the value of # may
be found in the following manner with fufficient accuracy
for pradtice ; fince cven when the amplitude of a 32lh. fhot
is 1348 yards, the difference in the elevation HLL will
not be 2 fecond.

The ditance B L berween the gun and the objefl, may

—32.18ns

. . A crt .
be confidered as the linc of projeltion g= ——, and fubfti-

tuting in this formula, the data ¢, ¢, r, the value of ¢ may
be found; which being again fubflituted in the formula §=
32 18 #°

aives the value of S for the line of defeent LG :

draw the line B G; then, in the reltangled trianzic B L G,
the angle G BL will be known: make the anzle L I H
equal to. theangle G B L L H will then be the direction
in which the gun fhould be fired to firike the point L. For
example, if BL be 560 )nds and a 32 pr. be fred with
the medium charge of puhmr ¢=135¢ fect {150); and
from the refiftance of the air r=12: by fubftituting thefe

1350 X 12t

numbers in the firft formula, 1680=
12+t

, and con-

fequently
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fequently f=r1.4 again fubflituting this value in the fecond

formula S= 3-2-'—I—§2-u= 31 feet=L G, and finding trigo-

nometrically £ G BL=x1° 3, the £ L B H that was fouzht
is alfo 1°. 3.

167. From the preccding theory, (Pl 6, Fig. 20) it will be
eafy to determine the value ¢f r and the imtial velocity=r¢,
when thefe two quantities are unknown, by firing only two
rounds. Fire agua inany direétion B D, provided that the
line of defcent be lefs than 260 teet 3 and, fuppufing the fhot to
firike the ground in E, find geometrically the iine of pro-
jection BD =g, and the line of defcent D E=5; and, by

2"28 “find the time: then fubftitute thefe

"
2

the formula S=

crt

values in the equation BD =¢= Pt If the gun be again

fired with the fame elevation, and exa&ly loaded as before,
but turned to the right or left, fo that the fhot may firike
another point G, higher or lower than the former one E
having found geomeirically the line of projection BK =g,
and the line of defcent K G, find the value of ¢, and fub-

. . .o . . crt
ftituting it in the equation BK=¢= =
r

; thefe two equa-

tions will give the values of ¢ and ».

Suppofe, in the firlt inltance, that B D=1820 feet, and
D E=36 feet; and, in the fecond, B K=3.37 feet, and
K G=144 feet: then fubflituting thefe numbers in the firft

erxsi ..
formula, 1820= el gnd again in the fecond, 3237=

erx3
r+3
In firing againft the height, R H (Pl. 6, Fig. 18) having
fired one round from A, in the direftion A M; the gun
fhould be advanced to L, or retired to P ; and, from one of
thefe two flations, a fecond round fired with the fame eleva-
tion ;) fince whenever it is gltered, the initial velocities differ
(154)- !

168. The clevation AD, (Pl. 6, Fig. 21) and the
initial velocity =¢ being given, and the value of » and of
ghe line of defcent B D) being known, to find the direction
" M3 and

; from thefe two equations, r=1348 feet, and r=12.
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and the quantity K B of compound velocity, with which
the fhot firikes the point B.

From B D deduce the value of ¢; and by the formula «
=32.18¢ of the velocities in the times through the move-
ment of gravitation (Treatife on Moving Bodies 283) find
the value of «, which fet off from B to H: from the point

o

r+e
(162) find the remaining velocity =V arifing from the
movement of impulfion after the time ¢ ; then by fettiné off
its value from H to K; and drawing the right line BK, it
will give the direftion, and the quantity of compound velo-
city which the fhot has at the point B. Let BD=144
fect, then =3, and #=32.18x3=g6=BH ; and fup-
1350x13*
1343
=8gr feet ; and fince the £ BHK is equal to the 4

BDA which is known, the dire&ion will be found, and alfo
the quantity of compound velocity B K.

H draw H K parallel to D A, and by the formula V=

pofe c = 1350 feet and r—13 ; then HK=V =

3
16g. A combination of the formulas S=-33:-18—t-,g'=
2
i;: (163 ) will give the equation S = 32?: 18 x

Srt

Py appertaining to the curve of the fecond
kind (155,, by means of which all the preceding problems
may be foived, For example, if the initial velocity be
known, and the value of r of a thot of given calibre be re.
quited ; it will be fufficient to fire a round in a direction
A D correfponding to the given velocity ; and fuppofing the
fhot firikes in B, by finding geometrically the values of the"
line of projection A D=¢, and the line of defcent BD=S,
and fubflituting them in the equation of the curve, it will
give the valuc of r. Again, to tind the initial veloaty, and
the value of r; it will be neceffary to make two experi-
ments with the fame charge, and at the fameelevation (167);
in each of them the values of the lines of direction and de-
scent muit be found and fubflituted in the formula S=
32.18

2
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8 tl ’.1

-x , whence the values of ¢ and r may be

cr—gq
ced. :
he application that will be made in the following chapters
e doctrine here laid down on the unequal movement of
lGon (161) will enabie us with.a moderate fhare of
nwent, to derive the greatett advantages (141) from
fe of artillery.
o. To determine the curve of the fourth kind ; when
sfiftance of the air to the two unequal movements that
itute it is great, and the ranges are long ; it is neceffary
:ke a courfe of experiments, which from the continual
ion in the flate of the atmofphere, and other circum-
s, are very tedious, and require much accuracy and
igence in thofe that carry them on. As I had not an
'tunity of making all the experiments I deemed fatif-
‘y on this head, I have here only laid down the funda-
al principles, that others ma2y be enabled the more
to profecute the enquiry. Among the different methods
nay be taken to determine the laws of this curve (156),
sllowing appears the beit.
wfe an elevated fituation, where the gun may be turned
y fide; fo that the thot may feverally firike points, one
* the other, in fuch a proportion that the lines of delcent
se 848, 1696, 3046, 5088 feet. From this fpot fire °
! rounds in a horizontal diretion towards the fame
, with a charge that gives a known initial velocity, in
to obrain a medium of horizontal ranges and of lines
fcent. Perfons fhould be ftationed at different parts
econd watches, to reckon exaltly the time that the thot
from the inftant they fee the fmoke of the gun, till it
the ground. Having found the mean of the two
ments of impulfion and gravitation, turn the piece
ds another objed, in order to obtain a different me-
then towards a third and a fourth, with the fame
tions as before.
efe experiments fhould be repeated with a gun of a very
nt calibre, with the fame care and attention (156),
1¢e refults may not be affected by the variations of the
shere. Shot much lighter than the common thot may
de for the occafion, by fufpending in the center of the
a fphere of well-tempered clay, which will be thus
M 4 COM~



184 OF PROJECTILES.

completely enveloped by the melted metal ; the refiftance of
the air to thefe projectiles will be much more fenrble, If
this holiow thot be 10 a folid one of the fawe diamcter, as
she weight of a thal! full of powder is to a fhell of the fame*
diameter caft folid, the refults may be applicd to mortars in 2
much more fimple manner.

Arter the experiments, conftruct two fcales for each gun:
one for the fpace paffed through during the time of a re-
tarded movement of impulfion ; the other for the movement
urequally accelerated by gravitv. The lalt fcale fhould give
a curve convex towards the dire€trix. ‘The two fcales may
be analyfed in the manner above fhewn (158, 159, 160);
and if the experiments have been made with care, the equa
tion of each movement will be fo exprefifed as to ferve for
all the different ftates of the atmolphere.

171. While the ftate of the atmolphere remains the fame,
the refults of the experiments (170) will be conclufive, if
they have been carried on with .proper attention: but the
fame infcrence muft not be drawn in the former cafe (157).
For if a gun be fired from the different heights A, L, H,
(Pl. 5, Fig. 16) and the lines of defcent GK, P F, Z X, be
very confiderable as 848, 1696, 3046, and 5088 feet, the
refults will bz falfe and inconclufive, even if there be no
alteration 1 the fiate of the atmofpaere ;

1. Becaule thot fired from different heights are op-
pofed by air ot diTerentdentities 5 the law therefore of the
mflammation and explofion of powder is altered, thougzh
the quantiiy be the fame: of courle the initial veloci-
tics will differ.

2. The lines of defeent GK, PF, Z X, and the
lines AK, F L, H X, which cxprels thic movement of
impulfion, traverfe in aa inverle order the air which is
of diffcrent denfites at ditferen: heights 5 whereas by
firing alwavs fram the fame piace 11 (170), the thot
will at the nnt graze finke the points M, B, E, T,
with corvefponcing lines of defeunt; and traverle the
airin t' ¢ natural o.der; the hues which exprefs the
mot ement of mmpziton wili beun the direction H X

To afcertan the mod:fcations that take place in the
inflammaton and explofion o powder, and in che refiftance
of the air tv srojeciiles, owing to alteiitions in the ftate of
the atmofphere. thic following esperinents may be made :
Let a inufquet ce tired veiy clofe to a butt in the bottom of

a valley 3
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2 valley; and another be fired with an equal quantity of
powder of the fame quality againft the fame butt, at the
diftance of 675 feet : at the fame time let another perion, at a
place 5000 or 6000 feet above the tormer fituation, dilcharge
a bullet from a mufquet of the fame calibre equally charged,
and at the fame dittances as the former one, againft a butt
equally homogenous and cenfiftent : the penetr.tions will be
much decper from the mufquet fired near the butt at the
foor of the mountain, than from that fired near the butt at
the higher fituation ; but will be much lefs at the diftance of
675 feet, than from the upper one at 67 5 feet. Thele effedts
were fo fenfible in the campaigns of 1743, 1744, and 1747,
in the ALps, that there were days when the mufquets fired
at the top of the mountains ranged ; more than the fame
mufquets at the bottom': fometimes the mountains were
enveloped in thick clodds, while the vallies beneath were
perfectly clear ; at other times the atmofphere in the vallies
was loaded with vapour, while thofe on the heighrs enjoyed
a cloudlefs ferenity : in fhort, fo great and frequent were the
alterations, that the experiments of onc day bore no analogy
to thofe of the next.

172. To determine in another manner the law of each
of the unequal movements that conititute the curve of the
fourth kind ; let a gun be fiequently fired from a horizontal
plain PAK, (PL 6. Fig 18.) at the foot of a mountain
K I H, with the fame clevation K A M, and with a charge
that gives a known initial velocity. Fire fome rounds from
A, fo that the medium of the lines of defcent may be from
600 to 700 feet: fire again from P, at a greater diftance
from K the foot of the moumam, that the fhot failing in I,
the lines that exprefs the movements of impulfion and gra-
vitation, may be longer : remove the guns ftill tarther from
K, and fire as before; and, having taken the mecan refult,
retire the gun to a ftill greater diftanice rrom the mountain,
fo that the fhot falling on the planc P L, may give the
longeft lines of projection and defcent pc{ﬁb]e, under thefe
circumftances; always uling a fecond watch to mark the
rime of flight of the fhot; and, taking every precaution
to know whether the ftate of the atmofphcre remnain the
fame. From thefe relults two f{calcs zppiicable to the ufes
before exprefled (170) may ke con.tru.ed. Experiments
condudted in tius manner cannot be very erroncous, bat,
their refults are more complicated than the others, \170)

fince
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fince the fhot in afcending, pafies continually from a denfe
to a more rarified medium, while the reveric takes place
when the (hot deicends.

CHAP. IL

Or THE EFrecTs oF CaNNON SHOT oN WoORKS.

17‘;.THE ufe of heavy artillery (64) is to ruin and
demolith permanent {ortiticaiions and warks.

In the attack of fortrefles, 32 prs. are ufed for battering
in breach, when the ramparts are of great folidity ; but,
from the great expence atending thefe heavy guns, and the
difficulty of tranfporting them, 16 prs. ferve for difmount-
ing the artillery in the outworks, and beaung down the de-
fences. For richochet and hot-fhot fining, 4 and 8 prs. are
ufed, as they require lels ammunition, and fewer men to
work them.

In the defence of places, againft which the befieger can
eftablith any number of batteries he pleafes, the proportion
of 32 prs. fhould not exceed a third of the whole number of
guns in the garrifon 5 as 8 prs. il ferve for firing aganft the
opening of the trenches, and 16 prs. againft the approaches :
but, if the fituation of the ground be 1uch that the artiljery
of the place has a decided fupericrity over any bacteries the
befieger can erect ; then, to take full advantage of this cir-
cumitance, the number of 32 prs. thould be increafed @ long
4 prs. will keep the enemy in refpect around the place, and
a few fhort light pieces (66) may be held in readinefs for
making fallies.

174. To ufe firecarms to the greateft advantage, the
effect of each fhot fhould be obferved: (141) for this
purpofe ;

1. The guns and carriages fhould be conftructed
with the utnioit accuracy.

2. The guns fhould be ferved with care and judg-
ment, and placvd at a proper diftance from the objects
intended to be battered.

175. In the former part of this trealife, the principles of
the beft canftruétion for guns were fully explained : but, as an
officer is fometiines obliged to ufe guns defeive in fome
material point, he ought to confider by what expedient he

can
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¢an beft remedy the defe€t: the charge fhould be leflened,
when it proceeds from the want of proper weight in the
gun, or of a due thicknefs of metal in the breech.

The knowledge of an artilleri(t thould be both theoretical
and prattical : to afcertain the nature of the curve de-
fcribed by a projedtile, develope the caufes that influence its
formation ; thence deduce rules applicable to the various
cafes that occur on fervice, and be able in the beft and moft
expeditious manner, to repair any accident that may hap-
pen, is the part of the theorift, and of the officer. The
non-commiffioned officers and foldiers are inftru@ed in the
jpart purely practical : they are taught

1. Toload the guns in a regular and uniform manner,
and to ram the wads when the fame charge is ufed,
with equal force; a neglet in this point is the caufe
of great irregularity, particularly when the guns are
deprefled.,

2. In laying the gun, to remove every obftacle that
can tend to derange the firing.

3. Having by two or three rounds afcertained the
dire&ion for hitting the objed, to continue it without
variation.

176. That the gun may be placed at a proper diftance
from the obje& (174, No. 2); the fhot’s path muft be con-
fidered, and allowance made for every circumftance that can
affect the range : the relative fize and poiition of the object
muft be particularly attended to ; for, when it is much higher
than the gun, though very diftant and narrow, it is more eafily
hit, than when lower and of greater extent; fo that the
lower the object is, the nearer the gun muft be brought to
it. In the attack and defence of places of low profile, the
height of the works againlt which the fire is directed in the
firft part of the attack, does not exceed 7 fect, as the para=
pets, the exterior of the embrazures, the heads of faps, &c.
The greateft diftance at which guns fhould be fired againft
fuch low objeéls, has been fixed in our military treatifes,
at 680 yards.

177. After hitting the obje@, the next point is to con-
fider the degree of force requifite to overcome its refiftance :
for, if this be fuperior to the impetus of the fhot, no eifeét
will be produced; and, when greatly inferior, it may be
fometimes proper to diminith the force of the projectile,
in order to produce a greater effect, and ayoid fpoiling the

: guns
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guns before the fiege is over, by firing with large charges.
. The fullowinz confiderations may perhaps afliit an officer
commanding a battery,. in forming his judgment on this
occafion,

1. The largeft charges are only ufed when a great
force is required, and exactnefs in firiniz is not abfolutely
neceflary ; as battering in breach froin the creft of the
glacis. But, in firing fr.m great diftances to difmount
the enemy’s guns, batter the trenches, heads of faps,
or other low works, the medium charges are fufficient,
that the violence of explufion may not produce irre-
gularities (7, 8, g9).

2. The lefs, and even the leaft charges will ferve
for battering towns or villages furrounded with a fingle
wall, unfy, purted with a rampart of earth; fince a (hot
impinging on a thin wall with great force, makes 2 hole
without thaking the contiguous parts: thus it requires
a greater number of rounds with Jarge charges to
demolith them, than if the charges were diminuhed.
Should the fituation of the ground permit the gun to
be laid on an oblique direction at the object, the me-
dium, and even the lareeft charges may be ufed : in this
cafe the effelts of the fhot are in the ratio of the angles
of incidence,

178. The force of the dirc&t thock of hard bodies, is cal-
culated from their mafs mubipled it ther velocity 3 and
the toice of the oblique ihock, by muliplying the former
product by the righc fine of lic ungle of inadence, divided
by the whoic fine [ T'reattiv on Moving BBodies). If the force
=/ the weight of the thet _, the velocity with which it
unpinges =V, the right fine of tiic angle of incidence =a;

a R . .
then f=mV x ————is the general formula in which
whole fine
. a . .o .
the fraCtion ~————— is equal to unity in the dire@ thock.
whole fine :

If the valse V of the remaininy velocity (162) be found,
the impetus with whih thot of the fame or different diame-
ters nupelled with different intial velocities, impinge on
objeéts at ditferent diftances, may be compared. For n-
flance, let the aiftance between the gun and the objc& be
exjreiled by the line of projection, andina 32 pr. r=12:

then
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then in the dired fhock, the force with which a 32 1b. fhot
with an initial velocity of 1350 fect, impinges on an object
placed very clofe to it, is to its force at 4056 feet, as 1350:
759 : and the force with which a 16lb. thot, with an initial
velocity of 1416 feet, firikes an object at the diftance of g32
feet, is to its force at 3229 feet, as 1226:817. On com-
paring in the fame manner fhot of different diameters, it ap-
pears, that the force with which a 32lb. fhot, with an initial
velocity of 1350 feet, firikes an object at the diftance of 330
fect, is to the force of a 4ib. fhot, with an initial velocity
of 14567 feet, at the diftance of 3520,as 32 X 1300 : 4 x 528 ;
that the force of a 161b. fhot, with an initial velocity of 1416
feet, at tie dittance of 38%6 feet, is to the force of an 8lb.
thot, with an initial velocity of 1449 feet, at the diftance of

50 feet, as 16 x 716:: 8 x 1361, If under fimilar circum-
ftances, the fhocks be oblique, {o that with a 16lb. fhot the
angle of incidence be 20° and with an 8lb. fhot 74°, the
twou (hocks will be to each other:: 16 x 716 x 34202: 8 x
1301 X gb592.

179. lu tae preceding paragraph it was {unpofed, that the
compound velocity B K of the thot, when it impinges on an
objett, wus equal to the remaining velocity H K, which is
in the raiio of the retarded motion of impulfion : this is
the caie not only in this purticular inftance, but in all others
that do not admit of geometueal precifion.  Neverthelefs,
on afiertaining the greatelt difference that can be between
thefe two veloaities, in the common fervice of guns, we fhall
find it to be too incuatiderable to cecafion any material error;
for, if the value of the compounc velocity B K be deter-
mited (108,. the gun having been fired at the higheft
elevation the carriage will admit of, BK is lefs than HK in
the proportion of about I in the yoo; that is BK:HK
::397: 100 and if the gun be depreffed as much as pof-
fible, R K will exceed 11 K in the proportion of abuut { in
the ;00; thatis Bil: A K ::80r:80o0. .

180. Among the feveral works agrin{t which canron are
fired ; there zre fome which do not yield :0 the mott violent
fhocks ; a.d others of very flight refiftance. Of the firlt
kind are thofe cut out of the folid rock, the hardncfs of
which joined to the cohefion is fuch, that the moft violent
thocks caufe no difunion in the parts, If the weight uf the
fhot =m, the velocity with which it impinges=V and n=
the objet impinged on ; the whole effe® of the fhot lon

this
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this work, is a flight tremulous motion in the point of im-
pad, incapable of producing the leat feparation of the parts :
fo much does its mafs exceed the mafs of the thot. There
is in this cafe no method of making a breach but by
mining, however tedious or difficult the operation may be.

183. There are three ways in which works that yield to
cannon balls (18¢) may be deftroyed :

1. By feparating the conftituent parts, when the thot
cannot penetrate.

2. By penetrating without fplitting or thivering them.

3. Or by producing both thefe effelts at the fame
time.

In the firft cafe, the upper parts being by repetition of the
fhocks deprived of their bafe fall down; as in walls built
very folidly of hard fones, cemented with mortar: the
mocre fpeedily to effedt this, fhot of the largeft calibre thould
be projected with the greateft initial velocity, and the
placed very near to the object, and fired in falvos 3 thar the
feveral fhocks being made at the fame inftant, may be the
more efficacious. The 64lb. fhot formerly in ufe, were
well adapted to this purpofc; as they demolithed the wall
in a very little time, even with an initial velocity lefs by 1}
than that of a 32ib, fhot; fince from the grea-er quantity
of movement, they fooner {eparate and opci works of ma-
fonry ( Treatife on Moving Bodics, 372, 371, 372). Thefe
obfervations on walls confiruéted of hard itone and lime, are
in fome devrce applicable to works cut out in foft or friable
flone; with this diffirence that the uorer part of the rock
being by its nature firmly fixed in the ground, is lefs thaken
than a wall fupp:rted by earth, which though an adjunét,
is little aflected by the thock; whereas, the rock being one
body, the fhiock is commuricated to its whole mafs ; and is
fo generally diffufed, as to be almoft infeafible.  Suppofing
the two works to be of equal tenacity, that cut out of the
rock will fuffer lefs from the fhot.

182. Works are deftroyed in the fecond manner (181,
No. 2) wten the thot penctrating to different depths, difu-
nite the contiguous parts; as in turf, carth, &c. The for-
mula fS=D#* (246), ferves to determine precifely the
penetrations of {hots of different diameters, into works of
thiskind : the penetration of a 321b. thot, which with an initial
velocity of 1517 feet, impinges on a work of this fort, is ta
that of a 4lb, thot, with the velocity of 1010 feet, as 5. 760

XI517°:
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x 1517*: 2. 88rx1010* (161). If 2 32lb. fhot (146)
with an initial velocity of 1517 feet, penetrate a butt of
earth to the depth of 20 feet, 2 4lb. fhot with the velocity of .
1010 feet, will under the fame circumitances, penetrate only
to the depth of 41 feet; therefore, intrenchments g feet
thick cannot be pierced bt)' 4lb. fhot that impinge with
this velocity. The fame formula wil determine the dia-
meter or velocity that fhot ought to have to penetrate a
parapet of a given confiftence and thicknefs (146): if the
thickaefs =S be 8.43 feet, and the confiflence=F be
37046, by [ubttituting thefe data in the formula, we fhall
find that (hot which have a velocity of 1012 feet, to pafs
throu:h this parapet, ought to be 3. 653 inches in diame-
ter, which correfponds to an 8ib. thot (161).

182. To determine the relative penetration of fhot of
different diameters, fired at different diftances azainft a pene-
trable and homogencous butt, the remaining velocity =V
with which the thot from the diftance=4 with an initial
velocity = ¢ impinges, muft be found from the movement of

impulfion : for this purpofe the formula ¢ = c—:: » (161) will

r+
give the time=¢; and, the value of r being given, the
time may be fubftituted in the formuia V= _CT"_I (162).
r+t

Having thus found the value of V, the compound velo-
city with which the fhot impinges, may be confidered as
equal to the remaining velocity (179) without any material
error ; on this principle, the following table of the relative
penetrations of fhot of diffirent diameters, impelled from
guns loaded with the largeit and the medium charges, againft
a penetrable and homogeneous burt, from four different
diftances hus been catculated ; the initial velocities are as
before cxprefled (155) and ‘rom the ruiftance of the air,
in a 32lb. thot r—12. By firing one round, the abfolute
penetration of a fhot into a given butt will be determined ;
and, from the relative penetration it will be eafy to afcer-
tain the abfolute penctration of other thot, under the fame
circumiances into the fame butt. For example, if a 321b.
thot with the largeft charge, fired clofe to the butt, penctrate
to the depth of 22 feet, an 8lb. fhot fired with the largeft
charge, at the diftance of 10c0 yards, will penetrate cnly

: to
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to the depth of 6 feet If a 16ib. fhot with the mediom
churce, fired at the diftance of 340 yards, penetrate 10 feet,
a 4lb fhot with the medium charge, at the -hftance of 680
yards, will penetrute only to the depth of 31 feet.

The relative penetrations of fhot, proje&ed from different
diftances, with given initial velocities.

= : . Relative Penetrations. «
" |7 5 . A s
] = = - |7 Y
e = o =
= (=] . "
O] ~ “ | & [Clofe
“| 5 5 [w| 2 | to | At | At | At
pl £ g ol = | the | 340 | 680 | 1000
E’é 5 = = ~Z | Butt. |yards. |yards. | yards.
z| © a | >|,.S

lbs, oz Inches, Feet.
32|13 2 |5.760| 12 1517(33210{26355 10726|16015
16| 6. g |4.5h6 0.5 161829952 (22877 [17082 12452
8| 4 141|3.653 7.6 1696 26000 |18696 |13069| 8837
4| 2. 7%‘2.381' 6 1720|21:28 14122 8goz2| §290
32{ 9. 13%| — | — 1350120240 20262 (15356|11430
16| 4 14! — " — 1416'22027 7754111935 B2y
8 3. 4:‘ — — A5, 18720 13 hj Sshl)E 55!1
41 1 10} — | — a4 1350 633l 5458, 2807

184. To judae of the total ¢fiefs of ihot, it fhould be
obferved ; that the l:raorthe fhot @iz, the feoner the upper
parts are deprived of tiwir baie, and il down. If Da*
exprefling the penetration of (hot, be muitiphied by D*a
quantity proportional to thc bule of the eviindrical cavity._
made by the thor, D7 U2 wiill be expreiicd by the fize of
the hole 5 that 15 to fuv, the holes made by the thot are
in the compound 1atio of the weight ¢f the tiot, and the
fquare of its vclocity.  The cfecis of a vylb. thot iinping-
ing un & parapet of earth, with a velocily of 1247 feet, are
to the cffects of a 321b. thot, with an initiz] velocity of 1350
feet, as €4 x 1247%: 32 X 1350 or as 43 : 25 nearly.

Hence 1t uppears, thai 64 prs. are in both cafes (181)
more proper for bastering in breach than 32 prs, and the
folc reafon why they are not uied in the attack of places, is
the difficulty o: tranfporting and working them,

185. Since
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185. Since folid and refifting bodies are demolifhed by
the diviiion of their patts, and thofe that are lefs tenacious
by the penetration of fhot into them (182, 183); bodies
partaking of thefe two phyfical qualities, are demolithed in
a compound manner (181, No. 3}: of this kind are walls
built of brick or fimilar materials. The effeéts of fhot on
walls are much modified by the proportion that the force
of percuflion bears to the refiitunce. When two fhot of
different dianeters penetrate to great depths, the holes are
in the ratio of D?® &* (184): but, if one pénetrate to a great
depth, and the other but a little way, this proportion will
not be juft ; for, the hole made by the latter, is lefs than
what refults from the expreflion D? 4*; fo that if its force
be only fufficient to overcome the refiftance, it will bury but
a fmall part of its circumference. Hence it is eafy to com-
prehend, why fhot projected from 8 and 4 prs. are fome-
times infufficient to beat down walls of this kind; while
that they produce all the effects expected from them, when
fired againft other walls. T'he direction of the thock, con-
fidered relatively to the thicknets of the wall, likewile con-
tributes to modify its effeéts : a fhot that with great impetus
impinges with a direct thock on a thin wall, pailes through,
and only makes a hole, without thaking or difuniting the
contiguous parts : but, if a wall of the fame quality be thick
enough to reccive all the f. rce of the thot, it, befide making
a hole, fhakes and looltns the rett of the wall. A fingle
wall is foonelt demolithed by firing azainit it directly with
fmall charges, or obliquely with large ones; fince the fhot
not being able to pafs tirough, it receives all its force : the
fervice of artillery in richochet and hot-firing, is difcuffed in
the fubfequent treatife,

CHAP 1V,

OrF tHE EFrecTs oF CanNon SHoT 1IN ENGAGEMENTS,

186. IN forming a train of artillery for the fervice of
an army in the field, there are feveral points to be conli-
dered : the nature and difpofition of the ground ; the kind
of war that is to be carried on ; the intended plan of ope-

rations g
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rations ; the number and quality of the reops that compofe
the army, and their manner of fighting.

A generudl commanding an .rmy, thould be acquainted
with the effects of artillery, that he mnay know when it can
be employed to advantage; and how far, wien judicioutiy
and tkilfully ferved, it can contribute to the attainmment of
his object (1471,142).

187. Incountries where the tranfport of carriages is attended
with no great difficulty, the train of arrillery that march with
armies, are compofed of mudium guns, caft of metal con-
taining + of tin, a..d carrying balls of 16, 8, and 4lbs (64).
Thefc guns ar: divided into brigades : the heavieft thould
not waigh more than 32 cwt. as the bridges cunftrudted by
the peafants for their carts and wagirons can feldom fupport
a greater weight : beiide, if the road be not hard, or have
been fpoiled by preceding rains, it will be impoffible to move
heavicr euns, even at the opening of the campaign; and,
in autunin, when the roads are generally deep, the cattle will
be cxhaufied with the fatigues they Lave already undergone.
Therefore, the fpecies of artillery fbould be always adapted
13 the nature of tie country.

In carrying on oilenlive operations in a champaign coun-
try, the train of artillery fhould be compoled of 8 prs. ; to
which may be added a few 14 prs. for occaficns of great
exertion @ thwre fhould be a few thort lickt runs (g7) to
accompany any corps of the army that iy Le deliined by
rapid marchas to full ¢ the enemy’s con.ois or cut off their
detachments.  In dewe hilly oountries, (hort 8 and 4 prs.
fhould be he heavict cans uted @ indeed, an exaét know-
ledge of the natarc of te country is the beil ruic for deter-
mining the calibre as well . s number of the guns.

When the army is to rein 'noon the defenfive in a coune
try viure the roads are toier.. v level and good, and there is
no great probabiiity of being obi- . d to make very long move-
ments, the number of 15 prs. fi.ald " oreater than would
follow an army alung Clenfively in the . country ; but
if this defenfive fvlem be carried o in 1 ‘rong country,
where the tranfport of carriages is difiicuit, «..! long and
rapid marches may be indilpenlibly necetiury ; the birzades
of artillery fhould be f conttitated as cafily to keep up with
the urmy. Any poft that the general may with to occup
and maintain during the campaign fhould be provided witK
guns of large calibre {71).

Having
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Having already treated of the nature and importance of
thefe pofts in the 6th Book of Military ArchiteCture, I ieave
it to the profeffors of the academies to explain them fully to
the cadets of the royal corps of artillery ; that being equally
mafters of the principles of taiics and fortification, as of
their own profeffion, the fervice may on every emergency
reap the greatett benefit from their knowledge and exertion.

188. Thefe guns are able to bear the largeft charges; yet
they thould not be ufed but in cafes of abfolute neceffity and
when they cannot derange the firing : in all other cafes, the
charges ought to be proportioned to the initial velocity that
the projectile (hould have to produce the defired effect. For
example, the medium charge may be ufed in enfilading
columns of troops ; as the fhot from its greater velocity will
defiroy a greater number of men : but if the lefs charge will
impel the fhot from front to rear of the column, the medium
charge would ferve no other purpofe than unneceffarily to
heat the gun. Acainft an enemy drawn up three or four
deep, the lefs charges fhould be uied ; as the leaft charges
may from fome negleét in wadding be uncertain in their
execution. :

189. From the defire of firing quick in aQion the greater
part of the thot do not take effect; fince in working the
guns with fuch precipitation, there will moft probably be 2
want of attention in loading, laying, or fome other effential
point. The frequency of firing (hould be regulated by the
certainty of doing execution ; thofe who are aftuated by any
other motive fruitrate the defigns of the general, and are the
caufe of all the bad confequences that may enfue : they can
neither be juftified by the anxious defire that the troops ex~
prefs to fee them fire quickly, nor by a chimerical point of
honour, vhich is by fome individuals abfurdly placed in
firing fo many rounds in a minute, ‘W henever the diftance
is fo great or the objet fo fmall. that the chance of hitting
it is very uncertain and precarious, it would be much better
to ceafe firing and wait till by a nearer approach or by fome
movement of the enemy, an opportunity offers of doing
effetual exccution.

190. In engagements, the enemies troops are the objedts
sgainft which cannon fhot are directed ; it is therefore highly
neceffary to know the effe@s that thot of different diameters,
and with different velocities, can produce upon a body of
troops, according to the diftances at which they engage ;

. N 2 otherwile,
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otherwife, the artillerift will in a variety of cirsumflances be
wnable to ufe his gun to the greatef}t advantage (141 ).

. +.. 1o firing at in%:ntry\ the height- above the plane of the
1d. is about 6 feet, and in firing at cavaliy not more
.10 feet; wherefore the diftance (hould never excesd
68a y except when the enemy js drawii up (o deep, that
the fhot caa hardly fail of taking effe&.-

The execution of cannon thot in a@ion is sflimated from |
" the number. of men that are killed, or wounded in fucha
mainer a3 to be difabled from further immediate feevice = it
is unneceffary to confider the depth of the wounds; as 4
" man ftruck by a caonon ball is generally incapaciiated, at
leaft for the prefent. The great obje of the artillerilt * i
¢ to endeavour to firike with each fbot the greatefl number of
St men poffible’ (141 142) : this depends ;

;- 1. On the difpofition of the enemy, and the nature

... of the und. ¢

. 2. On the calibre of the guns and the judicious ufe

... -of round or cafe thot.: L

3. -Ohn the velocity with which the fhot are impelled,
and the diftance between the battery and the enemy.

- 191. There are two cafes with regard to the nature of the
ground (190 No. 1); the firft, when the two armies are
drawn up on ground nearly on the fame plane: the fecond,
when they are on planes differently inclined. When th
are both on the fame plane, whether horizontal or inclined,
the furface expofed to the fire of the cannon is a part of the
firft line ;' (hould this be the head of a column, or the flank
of a body of troops ranged in order of battle, the fhot by
enfilading them will be very deftructive. But if the enemy
be drawn up three or four deep in front of the gun and
within proper diftance, cafe (hot will do moft execution ;
fince a round (hot can in this cafe, only carry off a file of
three or four men, whatever be its diameter or velocity.

192. When the two armies are on different planes, the
execution of the artillery muft depend on the extent of front
and depth of files: on confidering the principal cafes that
can occur in the two general difpofitions of an army, viz.
drawn up in column, or line; it will appear :

1. That if the enemy be drawn up in column on the .
flope GF inclined towards F, the head only of the .

column G (PL 6. Fig. 21.) will be expofed to the can-
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non A : cale thot will then be preferable to round thot,
if the dittance A G admit of it.

2. If the column be on the flope GE inclined to-
wards E or on the height NB M ; it will prefent to
the cannon A an object of great extent, and be from
its fituation very much expoied: the clufer the ranks
are, and the deeper the columa, thz more deftructive
will be the fire of the artillery.

3. If AB be within range of cafe fthot, its greateft
effe&t will be at N B M, where from the divergence of
the fhot cach mav frike a man; whilethat in &+ K
much nearer to the gun, the fhot not havinz had tune
to fpread, cach man will be ftruck by two or three, and
the execution will of courfe be lefs. .

4. When the column reaches the horizontal plain
P E, it will fuffer lefs than in the former fituation : if
A and PE be nearly in the fame plane, fewer men
will be expoled than at AP : the cafe fhot {hould then
be compofed of balls of the largeft diameter that each
of them may kill or wound more than one man; and
then every ball that ftrikes will enfilade the whole dif-
pofition. If P E be lower than A, [o that the guns at
A muft be much depreflfed ; cafe fhot compofed of the
fmalleft balls wiil be the beft; fince from the greater
number their effect will be equal to that produced in
the former inftance by the large balls; there being in
this cafe no probability of eftablithing an e filade.

5. The cnemies army drawn up three or four deep
upon the height G will be expofed to the fame danger,
as when in column on the flope G F ; but by retiring
alintle, G will ferve as a parapet, under the cover of

" which they may fecurely fire at A.

6. Should the enemy be drawn up three or four
dcep upon the flope E G, the greateft effet of a round
thot will be to carry off a file of men even when the
ranks are very clofe: bur if there be a confiderable in-
terval between them, cafe thot, when the diftance admits
of it, will be moft defiructive, both in this inflance and
\PNl'IxZen the enemy has advanced to the horizontal plain

193. The direction in which guns fhould be fired depends
n the initial velocity of the thot, its diameter, and the di-
N 3 ftance
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ftance from the enemy; the formulds g=£—%, s=3_"{_'.-
- (168, 166) will give a folation of the problem.

= (‘, ’;he opldongzefome artillerifts, that guns in time of
altion ought:always to be fired horizontally, or at moft with
¢ of clevation, can only’be jult in particular cales§
. she ing example will evince the neceliity of fometimes

deviating from this maxim, Let the gun AB (PL

Fig. 14.) be fired in the horizontal direction AC with t
“chirge that gives an initial velocity of 1416 feet ; and fron
- “and the enemy to be in the fame horizonial plane ;ng NG
geprefent the vertical diftance between the two planes ACS
DF; KG will then exprefs the fpacc =S pa&d
- by the power of gravity, and by fubftituting the value of K€

"-in the formula S= ; L it will give the time of the fhot's
fight before it touch the ground in the plane D F & then by
fubftituting in the formula ,=:'T';m. kown st

the extent of the range AK=D G=g¢ will be found. For
example, .f K G=5} feet, the time=¢ will be 56 parts of &
fecond ; and by fubftituting the values of ¢, 7, ¢ in the for-
mula, ¢=760 feet. To firike the ground then in the
fame plane DF at a greater diftance, the gun muft be
elevated in proportion to the increafe of diftance ; (hould the
- enemy be at (5 where the (hot touches the ground at the
firft graze it will only ftrike his fect ; to hit him in the brealt
the gun muft be elevated. )
194. The more clearly to explain this theory, and enable
others to apply it to the practice on feveral occafions that
occur on fervice, the following table has been calculated : the
gun and batt are fupj.ofed to be in the fame plane, and from
the refiftance of the air r=12 in a 32lb. fhot ; the wads are
vammed with equal force and in the manner before exprefled,
s“l_qa;, 150) 3 except in the quick firing, when none are
c .

Angles



Angles of Elevation for firing Guns of different Lengths and Calibres with different Charges of Powder,
to project Shot to different Diftances.

Diftant from the Butt.

Nature Initial 340 Yards, 680 Yaids. 1200 Yards.
of  [Weight of Powder.| Velo- ! Line of | Eleva- | Line of | Eleva- | Line of | Eleva-
Guns. city. |defcent.| tion, | Defcent. | tion. | Defcent. | tion.
Pre lbs. o2, Feet, In.\ Deg. Min,| Feet. dm | Deg. Min, | Feet. In. [Deg. Mim,
g r32 9 131135010 6| — 351 48 ¥| I 21,120 —| 2 17
g 16 4 148 11416 | 9 9| — 32| 46 4| 1 18120 =— | 2 1y
g_c' 8 3 41 |150) 9 8)— 32| 48 —| 1 21]130 — | 2 29
@y o4 1 10} {1467 | 10—} — 33 52 9| I 28|sbo — | 3 —
L2 |16 3 108 1240 | 13— |— 44| 63 7| 1 47169 6| 3 14
- 8 2 7t 126513 —1— 44| 67 4| ¥ 53|91 —| 3 38
(o) Lg r 3d| 1283013 6|~ 45 75 —| 2 6!236 —| & 30
w [ 2 74 |1206 )14 6| — 49| 76 —| 2 8 ' 220 — | 4 1r1.
E’A 4 r 3tj1222 15— |— 50| 86 10| 2 261278 — | 5 17
<d 8 I 10%) 978123 6| 1 19|133 —| 3 44425 —| 8 6
Ev] 4! — 134! 978 |25 7| 1 26164 6| 4 36 633 — |1t 55
= L8 wnthout{ I 10| 675157 3| 3 12[405 — | 11 13 1843 — | 3t 34
4iwads, ¢— 138| 675/65 71 3 41596 — |46 18| — | —

*sqi11Loaf0¥d do

661
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195. Many pracical inferences may be deduced from this
table ;

Y. Guns of the common length loaded with the me-
dium charge thould be elevated half a degree above the
horizon té range 340 yards, and 1° 20" to range 680
yards ; the elevation muft be greatly increafed to range
Y000 yards. The lefs the calibre of the gun is, the
higher mult be the elevation. '

2. The elevation of fhort guns fired with the lefs
charges muit be greater than of guns of the common
Jeng:h to range the fame diftance.

3. If a thort 4 pr. loaded with the lefs charge, range
1000 yards, the line of defcent is 278 feet ; wherefore
the fhot’s path being a curve of the fourth kind, it will
do much lefs execution in enfilading troops, than fhot
fired from guns of the comnmon length whofe path is a
curve of the fecond kind.

4. The elevation of fhort guns Joaded with the leaft
charge increafe in the ratio of the diftince: thus the
curve defcribed by thot fired from 8 and 4 prs. to the
diftance of 1000 yards is of tne fourth kind ; from the
angle of incidence they can be of no fervice in entilading,
and are very uncertain : the angle of incidence ‘ 168) at
the diftance of 1002 yards being much larger than the
angle of elevation, it the that fall on fcft ground they
bury themf(zives at the firlt graze.

5. Shot fired from thert guns with the leaft charges
and without wads, which range only 680 yards, allo
deferibe a curve of the tourth kind ;3 they are confe-
quently ufllefs n ennlading, and their cxecution is
un ertuin,

6. {t to thefle reflellions be added the confideration,
that in pointins (hort guns the wyve is more cafily de-
ceived, from the proximity of thie two points of fight,
than ia longer gnns 5 and that in the latter the angle of
elevation ot Iufs, the angle of incidence is lefs alio ;
fo that the thot on toucany the ground rife and from
their richoclict are very dangerous : it will e evident
that to detive trom tic ufe of artillery the greateft pof-
fible advantages, long guas fhowld cver be ;-‘»',fcrred to

Sha ¢ ones o the fam. calibre.  he good eflects refult-
ing troin this will be more fully difplayed in the fequel.
196. To
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196. To form a comparifon of the effects that fhot of
different diameters with different initial velocitics produce at
different diftances on a body of troops; they muft be
confidered as a homogenous butt : then the formula S=Da*
(183) will give the ielative penetrations. The abfolute
number of men that a fhot with a given initial velocity will
pafs through may be determined by experiment.

The relative penetrations in the following table have been
calculated on a fuppofition that rrom the refiftance of the air
r=12.in a 32lb. fhot, in order to corpare together the
number in this and the preceding table (183). The cal=
culations are not carried beyond 680 yards, which is confie
dered in field engagements as the greateft diftance that fhot
ean range to, with a certainty of doing execution ; in extra-
ordinary cafes indeed, when the nature of the gground and
the pofition of the enemy are very favourable (192), the
range may be extended with tolerable fuccefs.

The relative Penetrations of Shot projected from different
Diftances with given initial Velocities,

Nature of Weightof |25 25| At | At
Guns. Powder. EL | €8 | 340 | 680
2| G2 |yards. yds.
Prs. TR I ol
Com- (16 10} | 1240| 17571 | 11878 | 8509
mon | 8 i [1265)| 14625| 9360 | 5743
length,

7% [12¢6( 13329 8358|4919

1| 122210784 | 5933|2944

103 | 978| 8746 4874|2450

13:.| 978 6896 3230|1271

without{ 103| 675| 4110| 1738| 427
wads 133| 675| 3241| 1024 | 251

3

2

1 331283 11840| 6754|3479
2

|

I

4

8

Short Jg
Guns. | 4
l §

4

197. To reduce into numbers the relative penetrations
infcribed in the tables (183, 196), make the following or
fimilar experiment: with a charge that gives a known initial
velocity, fire a gun againft a butt, and meafure the penetra=
tion of the fhot: then place two horfes or other cheap
animals clofe to the fame butt, and lay the gun fo that the

fhot after pafling through the motft folid parts of their bodies
may
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may enter the butt : on meafuring the penetration, it will be
found lefs than the foriner; and by cumpariug them together,
the number of horfes that a thet of a given diameter, with
the fame initial velocity, could pafs through, ma. be .fcer-
tained. On comparing the reiitance ot 1 horfe’s, witiy that
of a man’s body, the number of men that the fame thot
would pafs through may be eafily caiculated. An gib.
fhot, with an initial velocity of 1450 feet, will pafs through
20 horfes ; and in this table it is prejumed on tolerably juft
grounds, that the fame fhot wouid pafs through double the
number of men, even if it itruck the moft folid parts of their
bodies ; the number therefore that may be firuck in lefs re-
fiting parts of the body and ditabled muit be greater, and
may even exceed twice the number of the former. The table
has been deduced from the former proportions (183, 146).

Number of Men that can be pierced by Shot projefted from
different - Diftances with given Initial Velociries,

w 08
Nature of Vv eight of - l:,_'_',.” sl 8.
Guns. Puwder. ‘3 !2'3' SE 3P
S 0% 23 28
> o |
I Ne. : Na. N,
1bs 123 Feer. Man. Men, Men,
(32 132 1517 70| 55 | 44
16 6 o9 | 161863 4 36
£1 8 4 14} ] 1606 ;551 39 28
Bl 4 2 7i)1720 45130 |19
5 132 9 33| 135% ;55143 | 32
= 3106 4 143 | 1416 [ 48 1 15 25
g 8 3 4% | 1450 | 40 28 18
€1 4 1 0% | 1467 | 33| 20 12
S 56 3 10} | 1240 | 36| 24 | 17
8 2 §| 1265 31 { 20 13
{ 4 r 31| 1283, 251 14 8
218 2 73| 1206 | 28 [ 18 1z
£l 4 1 31 ) 1222} 23§ 13 7
o) 8 x 104 | 978 | 19| 10 [
£ 4 ) — 13t} 978 15| 7 3
21 8 Wlfhow{ 1 1o} | 675 | 9| 34| T
L4 ! wads. \— 13| 6751 7] 2 |+

198, Several
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198. Several inferences of great pradtical utility may be
drawa from this table:

1. Guns of large calibre fired at very fhort diftances,
with the large or even the medium charges againft a
corps of troops expofed to be enfiladed, will caufe much

" more flaughter than 8 or 4 prs. efpecially if fhort with
the lealt charges.

2. The relative effefts of guns of different natures
increafe in the ratio of the diflances; and there is greater
‘difference between the calibres of the guns and the
charges of powder. .

3. Guns thould never be fired without wads, except
in particular cafes, and when the enemy is very clofe.
Thus when 4 prs. or fhort guns compofe a ficld train,
it is not becaufe they are equal in their effeéts to longer
guns of large calibre, but only becaufe heavier guns
cannot be tranfported with the fame facility. When
part of an ariny is to remain on the defenfive in a fixed
poft, the fame arguments will evince the propricty of
giving the preference to longer guns of large calibre.

199. If the enemy troops be drawn up three or four deep,
the effedts of an oblique fire will be greater in proportion
as the angle of incidence on their front is more acute ; fince
the refiltance not being fufficient to turn the tho, it will
penetrate in the direction in which it impinges. On the
contrary, the effet will be le(s, the nearer the angle of inci-
dence approaches to a right angle; fince it will then only
deftroy a fingle file, whatever be its diameter or initial velocity,
In this cafe, if the two armics be within reach of mufquet
fhot, the fituation of the artillery men will be very penlous;
for eight paces at leaft mult be left between every two guns,
to give the men room to work them ; cach gun is then ex-
pofed to the fire of cight file of mulqueteers; or in other
words, each artiller\-man to the fire of three or four muf-
quets. Thus at a fingle difcha ge, all the artillery men may
be killed or wounded ; while one round from each gun can
only carry off a f{ingle file of the enemy : when hali of the
artillery-men are wounded, the gun muft ceale firing ; hut
the fire of the mulquetry will be inceffantly kept up, in pro-
portion to the number of men that remain,

200. The fluid generated in a piece of ordnance is fo much
the more abundant and elattic, as the body it muft impel
towards the muzzle is heavier ( Treatife on Powder ).

Whence
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Wbmaithnfymmve,thatmpntthgﬁéﬂm" .
into a gun, the velocity of each mutt neceffarily exceed: half -
of the velocity that one thot with the fame cl would |
acquire ; and the quantity of motion of the ﬁ:xlhotu
Jefs than the fum of the quantities of motion of the two thot:
mn:da_fequin ing the cffeQs of the three (hot, their foree: .
ing through the men and horfes bei fun:ofedtobe -
entirely fpent, thecqmnonS_D-'whnchexprdEsthedfe&a
of one muft be changed ; and to make up the excefy; -
the initial velocity of each of the othier two fhot muft exceed -

2/ §; and each fhould frike a fepamﬁle E::'
portion between the initial velocity acquired by one thot

~ fingly, and that scquired by each two fhot are fired |
. together with equal charges, can bnly be determined by ex-
anenr,nnchangawlmeverthechargexultutd but '3
it may be remarked, that in pra&:cethevelocatyofuch«f

" the two motulefsthanus/{u wherefore the expedient of
- putting two thot into a gun can be only advantageous whea
" the enemy is drawn up in fuch a manner, that each ﬂlot ’
Ras fufficient velocity to carry off a file. For example, fup-
fe the enemy be drawn up cighteen deep, and each of twg
fired er from an 8 pr. could firike a feparate file
* with an initia velocxty of 978 feet, each of them would de-
ftroy 18 men (197): under this fuppofition there would be
36 men deftroyed by the two thot ; while a fhot of the fame
iameter, ﬁrcd fingly with an initial velocity of 1450 feet,
could deftroy only 18 men; then its remaining velocity (uffi-
cient to deftroy 20 more would be ufclefs.

oy

F
4

CHAP V.

Or tur Errects ofF Case or Grarz Suor IN
ENGAGEMENTS.

201. THERE are feveral kinds of fhot that come under
this head : one is formed of fmall pieces of iron of different
fhapes and fizes put into cylinders of tin or paftcboard ; the

bafes of which are clofed by two circular pieces of wood.
A fecond
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A fecond called cafe fbst, is compofed of fmall iron balls put
into tin cylinders; or regularly difpoied in linen bags faiicned
to a wooden bottcm, in the middle of which is a fpindle,
and wound rouna wiih coid or wire; the Jatter prefent the
appearance of a bunch of grapes, and are called gm,‘uj/'mt.
T h- firlt kind is generally ufed in the defence cf places ;
and hred from the low hanks, where in fpite of their diver-
gence they are ufetul in fcouring the ditches and counter-
fcarps: thie retiftance of the air, from the irrezularity of their
fizure, renders them in cffe more uncertain than fphericzl
fhor ; ; but as the objects agamﬂ v.h.J) mu- cre ﬁrcd are

alwavs very near, thew ... 00 o e d L Crecution.
The fecond kind .~ . cigten T o i vice, as
the balls du. o el ald, trom 'helr f,m:....‘. L_ure en-

counterit, it »ciftance in the air, rongz Iz .

2c¢2. ir. tne late wars, our trujis of a“tinery were formed
of medium 2 prs. [hy) © the cafe-thot forll.ei'c curs contzined
62 or 62 jeaden Luilets, each we'zhinz ! of an oince; the

wiiole ue:ghed nearly 23 much &s a ro surd (Lot of the fame
diameter. In order to arcertain ther «i7edis, the of'Ecers of
artillery in 1743 made the fojlow IPZ eXpements a4 pr.
was fired again{t a tarcet of pisnk ¢ 1zetin l—noth by 10
in height, erected on the fame horizomtal riane with the gun;
fo that fome of the bails after o zin: ruieand fruck the
target: cale end orape .nt were G7zd; But no difference in
their effects wus percjub

e, Intie Ardoexperiments, the
caarge was 1lb. 120z, of powder, zrd aver *he wad,
which was well rammed, was p"md tl.c cafv: at the dif-
tance of 2co yards, only 3 or 4 btalls ftruck the tarzer
The gun being moved 37 vurds nearsr, g cr 12 bells firuck
it; but the gieater jart ¢id not o tlr( nehothe planks,
which were an inch thick: thofe that ficik were partly
melted, and two or three viere found in different pizces
flicking together. At the fgccr.u expenimiert, the cafe was
placed immediately over the powdir ana a wad raniiued over
the whole: at the dilance of 175 yards very fow of the

balls went through the pia nks, thougi, w.e report of the ex-
plofion was as loud as at the former experiment : others had
not force enough to enter, and thofe that ftruck v iz 1much
more liquefied than b.fore; 4 or 5, and at ore tire 15
were found flicking fo dofdy together as 10 form a jumj: of
Jead. At other experiments, when the cafc was placed oher
the



. that firuck the target was between ; and 3 of the whols .

" yemoved to 200 yards and fired again with two cafes, abous-"
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the powder without a wad, the balls at 170 yards firack
the target with rather more force, and were not liquefied, 1
though the report at the difcharge was more feebie than =t
the fecond experiment. - At cach round the number of balls
that firuck the target was between 3 and % of the wholej i
and £ or 3 of thefe firuck it below a horizomal line drawn
feet from the ground. The greateft divergence of the .
balls at this diftance was 60 feet, but frequently not more
than 33. .
aogs Some rounds being fired from the fame gun at 174
,-da with 1} Ib. of powdcr the number of balls that
was between 3 'and ; of the whole, but their forcr
ms I in thefe, as in the former experiments, a wad was §
nmmed over the powder; in the fecond, a wad over
the whole; and in the third no wad was ufed. Two cafes
being put into 2 gon and fired togﬂhcr, the number of balls .

pumber in the two cafes; many. of thofe that touched the.
target had not force cnough to penetrate. “I'he gun being -

o of the balls ftruck the target, “but with much lefs forcs,
204. It refuits from thefe experiments (202, 233) :

1. That cale-thot of this nature fhould never bt
fired at a greater diftance than 200 yards, again(t obje&s
not exceeding 10 teet in height.

2. A wad (hould be put between the powder and cafe;
but as forneiimes i quick firings this muft be dif-
penfed with, the balls will yet have force enough at
2¢0 yards to wound a man.

3. That the greateft poflible effect of cafe fhot is
when fired againft an enemy drawn up in form of a
vaft amphitheatre between 17¢ and 200 yards diftant,
by putting two cales into the picce and ufing the lefs
charges of powder.

4. That with one cafe, 6 or 7 men of the front
rank may be ftruck at 170 ywds; and ftill a greater
number when two cales are put into the gun: when
advanced nearer to the enemy, the balls will pafs
through the bodies of the mwn in the front rank and
wound thofe in the rear.

5. That the firing with cafe thot thould commence
at 170 yards in order to acquire a fuperiority over the
enemy’s mufquetry ; the effect of platoon firing S that

ance
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diftance is uncertain, while cafe fhot fired with judge-
ment will firike at each round a certain number of
men.

At other experiments (202, 203) with cafe thot com-
pofed of iron balls 10z. in weight, the whole cafe
weighing as much as the round thot of the fame dia-
meter ; it refulted that at 200 yards, 3 or 4 balls firuck
the target, and at 170 yards 8 or 10 ftruck it; the
force of thefe balls feem to exceed that of the leaden
bullets.

205. Thefe conclufions agree with what has been ad-
vanced on the fame fubject, in the practice of artillery and
the elements of taltics, it will be (hewn in the fequel, that-
greater advantages may be derived from the ufe of field pieces
than has been hitherto done, in conftantly maintaining a de-
cided fuperiority of fire over intantry drawn up in front
of the guns (19g) through the ufe of tin cylinders filled with
iron balls weighing more than 1 oz.

T o afcertain this, the forcé and dire&ion with which each
ball is impelled, and the proner elevation for the piece thould
be confidered : the two following tables will give a juft idea
of their force; in the firft are fet down the relstive penetra«
tions calculated (183) on a fuppolitivn that the initial ve-
locity is 1450 feet, and that from the refiltance of the air to a
32 lb. thot r=12, in order to form a comparifon between
thefe and the former tables (183, 196) : in the fecond are
marked the refults of the former experiments (197) and the
penetrations infcribed in the firft table are reduced to abfolute
numbers.

* TABLE
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. Relative penetrations of iron cafe thot.
TABLE I
. 8
3 HEREREAE
5 ~ 2 a & s E
“6 ; - ) -~ >

-‘é v e 4 < 24 o

2 B - - S B -

Bl o[ | < ]< |2

LRt >

'3 3-8 | 9614 | 6553 | 4283 | 2655 | 1538
$ |3 7580 | 4642 } 2645 | 1365 620 ,
3% | 2.39 { 6040 | 3251 | 1524 bog 181
¥ 165 | 4139 | 1621 470 74 r .

' TABLE II. .

Number of men that w:f b&‘ pier?e(;‘ irfx l;he moft folid =
parts of the body by cafe thot, of the following weight
proje&ed from different diftances, with an initial velocity
of 1450 feet. :

2 | 2| s | s | 5| s
-1 L © o o 'E
s = | & | & & g,
k- e o o o o
&0 [y ~ <+ — [+ =]
I - R I B -
Et. 1&1)01. Ii‘fm. A'Icen. If{t‘:m Afm.
13 20 14 9 6 4
63 16 10 6 3% I
K 13 7 3| | ws
1 9 4 a 7 TETE

206. From thefe premifes (190, 191, 192) it may be
inferred.

1. That when balls of which cafe fhot are compofed

weigh 130z. each, every ball can pierce a file of 20
men, when fired very clofe ; and 4 men at the diftance

of 680 yards. If each ball weigh 6 oz. it can pierce

16 men when very near ; 10 at 170 yards; 3or 4 at

510 yards ; and one only at 680 yards. If each ball
weigh 1 oz. it can pierce 4 men at 170 yards; and mor-
tally wound 1 man at 340 yards; the latter is exprefied

by
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by the fraltion {; the fame ball at the diftance of €85
vards will hardiy make a contufion, which is exprefled
by the traéiien ;' 4.

2. ballsof 1 oz. at 170 yards, thofe of 2} oz. at 340
vards, thofe of 6 oz. at 510 yards, and thete of 1302,
at 680 yairds, produce the fame effect; viz. of d oy~
ing 4 mcn; which evinces the propriety of ufing cy-
linders filled with large balls for great diftances, and
with the fmaller balls tor fhort diftances.

3. On comparing the numbers in the two tabies
(197, 205), we find t=at an 81Ib. thot, with an initial
velocity of 1450 feet, will pafs th.rouzh a file of 4c men
when fired very clofe to tnem; 28 at the difiance of
340 yards, and 18 at the diftance of 68~ yards : whiie
a 64 oz. ball will oniy deitroy 16 men when very near, 6
at the chftance cf 34c vards, and 1 man at 68> - ards ; fo
that with cafe-thot of tiis nature, it 5 balis firike g fepa-
rate files, the effects when very near willbe 16 % 5=£»
mcen deftroyed, 6 x t==3> men at 3.2 yards, and jonly
at 68o yarcs. Hence it refults, that ti.e efecds of cafe
thot fircd under fimilar circumftances, are greater than
of round fhot of equal diameter, when the ditance does
not exceed 34¢ yards ; but at €85 yards round fhot have
a decided advantaze

207. ‘Fhefe remarks (223, 225} are applicatle to every
cafe that can occur, aliowance being made tor the difference
of the initial velocitics ; whercfore the effect of the initial
velocity on cafe fhot imnpelied with a ziven charge of powder
fhouid be afcertained. It has been found experimentally,
thar when the balls are regular:y arranzed in the tin cylinder
in the manner that will be hereafter pointed out, and are
equal in weight and diameter to the corre/ponding rourd fhot,
the greater part of them are impel.ed with the fame initial
velocity as the round fhot, but the remainder with lefs;
provided the charges be equal. This refult is conflant;
hence the effeéts of cafe thot fired from d:rferent diftances
with different charges of powder may be determined with
fufficient accuracy for practice (2-5).

208. In firing cafe fhot, the balls are cbferved at firft to
take a diverging direion, and for a certain diftance to form a
kind of 2 cone ; the bafe of which is towards the object fired
at, and the vertex towards the gun.

It is impoffible from theory alone to determinz the di-

O .

restin
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rection that each ball takes after the cafe is broken ; fince
the contaét of the balls and their reciprocal preflires at the dif-
«charge and at thecommencemen: of their divergence are -
knowi : It mufl then as far as poffible be afcertained expeni=
mentally.

Experiments made with the greateft attention have given
the following refults ;

1. The conical fizure is' preferved for a certain di-
ftance; after which it is entirely lofl,

2. The proportion between the formation of the cone
and the point where it beging to lofe the regularity of its
figure depends on the fize of the balls, and their initial
velocity : the diftance will be lefs in proportion as the
balls are finaller, or their initial velocity lefs,

3. At equal diftances, balls impelled from guns of
the common length diverge much lefs than balls of the
fame weight and diameter impelled from (horter guns
with the fame charge. This muft be a familiar remark
to [portfmen who have ufed fowling picces of different
lengths.

4. When the balls are ranged in the cylinder in regular
order, they diverge much lefs than when put in carelefs-
ly ; thofe of 13, 6§ and 3 oz. may be regularly difpofed
in tin cafes of the diameter of 16, 8, and 4 prs. ; and
fuch only will be in future confidered : 1 o0z. balls
thould be difpofed in the cylinder in the moft conve-
nient manner, and fired at any diftance lels than 220

ards.

Y 5. From certain diftances a greater number of men
may be ftruck by cafe than by round fhot, if the gun
be properly laid.

209. The angle that the axis of the gun fhould form with
the horizon is determined (165, 166) on a fuppofition that
the balls in the tin cafe are impelled in the dire@ion of the
axis, which is not always juit; as they fometimes quit the
cafe under different angles. The leaft error in loading or
pointing a gun may render a round t(hot of no effect, but be
of little confequence in firing with cafe (hot.

210. In order to fhew in one part of view the moft inte-
refting particulars in the ufe of cafe thot, the following table
has been calculated ; the initial velocitics of a 22 1b, fhot
are fuppofed to be 1450 and 1206 feet, and r =12 tor the re-

* fitance of the air, to enable the reader to compare it with

the former tables.
Angles
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a11. From this comparifon the following praQical infe-
fences may be drawn : ”

' 1. Balls of 3} oz. that with an initial velocitiy of 1450

feet range 680 yards, defcribe a curve’ of the fecond
‘kifid ; the remaining force at that diftance may be ex-

by the.fra&ion 4y ; but it is injudicious to fire
cafe thot of this nature at fuch 3 diftance, as their exe-
cution is trifling : 1 0z. balls cught never to runge 680
ryards, as they defcrite a cutve of the fourth kind, and
are totally uiclefs in enflading ; their remaining force
m3y be exprefled by the fraction 4, ¢ and is hardly
fentible.

2 Balls of 3}oz. that with an initial velocity of
1450 feet range 510 yards, defcribe a curve of the fecond
kind, and may be of fervice in enfilading ; but as-they
can deftroy only one or two men, this is the greateft -
ditance at whicf; they theuld be fired : as to 1 0z. balls,
though at 510 yards their curve is of the fecond kind, yet
as the expreffien ofh their force is v, the diftance is too
great: 340 vards fhould be their longeft range, the
gmdﬁg:ofeach ball is then §. & &

3. Asa ball of 6} oz. with an initial velocity of 1450
feet can only deftroy one man at 680 yards, it thould be
confidered as the greateft diftance ; though from the
naturc of the curve, it might flill be ufeful in enfila-

" ding. .
I%ball of r3o0z. with the fame velocity and at the
fame diftance will deftroy at.le of 3 or 4 men.

4. When the initial velocity is 1206 feet, the cur-
vature of the lines of defcent is greater than when it is
1450 feet; confequently cafe thot with the former velo-
city are lefs prop:r for enfilading : they fhould only be
ufed at fhort diftances, in proportion to the difference
between the actual velocity and 1450 feet. '

5. A fmall charge of powder can only have the
fame effets as a large one, when the enemy is drawn
up 3 or 4 deep, and fo clofe that a {ingle ball can carry
off a whole file; the fame obfervatioi holds good with
refpect to fhort guns, fince from the initial velocity
(151) their range is fhort.

6. The number of balls that, with velocities equal
to or lefs than thofe above mentionel, will firike an
object of certain dimenfions at a given diltance, can

only
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of cafe fhot containing balls of equal diameter fired
from an 8 pr. and the diftances be equal ; the effe&ts
of the 16 pr. will in certain cafes be greater than the
effeéts of the 8 pr. ; for the fame reafon, the fhort 8 pr.
(66) is fometimes to be preferred to the common 4 pr.
as in the inftance of the. enemy being formed on
floping ground in figure of an amphitheatre, (as hap-
pens in mountainous countries) and very near the bat.
tery ; the 8 pr. cafe containing double the number of
balls that the 4 pr. cafe does, will do more execution.

§. By increafing the number of balls in the cafe, the
initial velocity, and of courfe the effet of each is
fenfibly diminifhed. When fired againft troops difpofed
in very deep order (200) on an amphitheatre of hills,
and very near the battery, the greater the number of
balls is, the greater the f{laughter will be; and as in
this inftance, two cafes may be put into the gun at the
fame time, it will be fufficient if the weight of each be
equal to that of the round fhot.

6. When the enemy is drawn up in very deep order,
the medium charge of powder fhould be preferred to
the lefs, both with round and cafe fhot ; the diftance at
which each nature of thot fhould be ufed will be beft de-
termined by recurring to the preceding theory (206, No.
3), and the refults of former experiments (211 No. 6).

7. 1f 1t be neceffary in the courfe of a campaign
to place fome 32 prs. in a fixed poft, five kinds of cafe
fthot fhould be prepared for them: the tint with 16
balls ot 260z. to range 850 yards: the fecond with
32 balls of 13 0z. the third with 64 balls of 63 0z, the
tourth with 128 balls of 3{ oz. the fifih with 334 balls
of 1o0z. the four lalt may be fired under the reftrictions
already laid down., The two former may ba of excel-
lent fervice in the defence of places at the opening of
the trenches; but as the balls fpread very much, they
fhould be ufed with caution, left they hurt the detach-
ments of the garnifun vetted in the advanced works.

213. Balls of hamumered iron are the beft for cafe-thot ;

but,

if from motives of ceconomy they be made of caft iron,

the metal fhould be of a hard and tenacious quality, or they

will

break to pieces at the explofion : the number that break

increafe 1n proportion to the augmentation of the charge.
Each thot theicfore before it is put into the cafe, fhould be

placed
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placed opon an anvil, and receive a fiart blow from a heavy
hammer; if they ftand this preof, they are fit for fervi e.
The cylinder of tin fhould be of the fame diameter as the
correfponding round fhot; one end is c.ofed by a wooden
cylinder 1} or 14 inch thick, on which th« firf row of ballsis
reguiarly placed, putting into the interftices fmall pieces of
wood to keep them firm: the balls of the fecond row are
placed over the interflices of the firlt, and cach row is fixed
with chips or fcmething of that kind to prevent their moving,
when the ammunition waggons pafs over rough and ftony
roads ; which might break the cylinder or deform it, fo that
it would not enter the gun. All the rows of balls being
thus difpofed, the top of the cylinder is ciofed by a cylindri-
cal piece of wood } an inch thick, nailed to the tin, and
marked fo as to be eally diftinguithed frum the bafe; and on
the top is marked the diameter of the balls conrained in the
cafe, that the artillery men may make no miftake in the na-
ture of the cafe-thot, or in the manner of placing it in the gun,

If maitic be ufed inftead of chips, to fix the balls in the
cale, its tenacity will increafe the force of the powder and
the balls will diverge lefs. The beft mattic for this purpofe
is made of melted pitch and powdered marble: but the quan-
tity thould be proportioned to the force of the charge; for if
it be of fuch tenacity that the cafe reaches the object before
it breaks, or breaks very clofe to it; all the advantage arifing,
from the proper divergence of the balls would be loft: the
effect of thefe projectiles being evidently as much diminithed
by too little as by too great divergence (19o).

214. To derive from artillery in field engagerments the
fulleit advantages (212), the following rules thould be ad-
hered to: _

1. Brigades of the heavieft guns in the army thould
be pofted at the points whence it is propoled to make
the greatelt efforts againft the enemy, or where the
briikeft attack on their part may be expe&ed : and the
guns of fmaller calibre placed fo as to favour the princi-
pal attacks and diitract the enemy’s attention,

2. In polting brigades of anillery in a defenfive fitua-
tion, a parapet, ditch, hedge, pallifadoe, chevaux de
frize, or other obftacle, (hould be placed before them, to
keep the enemy in check; in cafe they advance with
fixed bayonets.

3. There (hould be to Sch brigade a referve of artil-

4 lery
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- lety inen covered by an epaulment or the ammunitiott .
waggons, to replace without lofs of time any that maybe
killed or wounded. If it be judged expedient to draw
up an army In two lines, that the troops of the fecond
line may in cafe of neceflity be brought forwards to
replace thofe in'the firft; with equal reafon fhould the
number of artillery-men be fufficient to keep up the
fire from the cannon with proper vivacity duting the
whole engagement, in fpite of any lofs that may be fuf~"

CHAP. VL

I'nz Errects or THe HowiTzER AND 8PR. COMe
PARED.

218, IN thelaft century, guns from 6 to 7 feet in length
were ufed to proje& flones, cafe fhot, &c. from '
places : the fhortnefs of thefe guns and the largenefs of their
calibre generally adapted to a (hot of 24 Ibs. gave rife to the
idea of the howitzer ; the proportions of which vary among
different nations, according to the feveral ufes for ‘which they
are intended. The longeit howiizers I ever faw were 6
diameters of the muz:le in length of bore, with a cylindrical
chamber capable of containing 11b. 100z. of powder: the
bore of the (horteft was 4 diameters of the muzzle in length,
with a cylindric chamber containing 1 lb. of powder. The
long ones were ufed in the imperial army which Prince Eu-
gene of Savoy commanded againft the Turks, and the fhells
fired from rrem are {aid to have caufed great deftru&tion and
difmay among the Ottoman cavalry. On the other hand,
the predileCion for this {pecies of ordnance was much abated
at the battle of Guaflalla, fought on the 1gth of September
1734 where our cavalry of the left wing was neither dif-
ordercd nor hurt by the thower of fhells fired by the enemy,
but made feveral charges with great effet.  As the Ottoman
cavalry generally chirge in an irregular, defultory manner,
they prefent a mu.h iarzet obje& than our cavalry drawn up
two or threc dezp with clofe files; being therefore very much
expoled, the explofion of the thells will be more deflruétive
among thea, than in the regular movements and difpofitions
practifed by us. Whatever may be the reafon of this diffe-
rencey, we will only conlider the phyfical effects of projec-

tiles
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tiles impelléd from a howitzer 6 diameters of the muz-
wle in length of bore, and compare them with thofe of
the 8§ pr. (183), in order to afcertain the diforder that each
of thefe pieces can feverally produce among a body of troops:
feaving it to others to difcufs the moral eftets refulting from
the ufe of howitzer fhells, which have by many authors
been fuppofed to be very great: a difquifition totally foreign to
our purpofe, as the abfolute confequences can neither be.cal--
culated nor depended on; for it has happened more than
once, that troops, which had at the beginning of an en-
gagement been thrown into diforder by the fire of artillery,
have at length recovered themfelves fo far as to defpife the
former object of their fear, on finding that their apprehenfions
had greatly magnified the effefts of thefe feemingly terrifi

machines. :

216, A fell is fired from a bowitzer with a view of de-
Siroying the enemy both by its fpock, and explofion on burfiing:
its greateft effelts are when, having enfiladed 2 body of
troops and being quite fpent in firiking men or other objects,
it burfts in the midt of thofe that remain. To convey a
juft idea of the comparifon we propofe drawing ; let the hows
itzer be equal in length of hore to an 8 pr. of common length,
and let them both be loaded with 3{lb. of powder: the
claftic fluid on quitting the chamber of the howizer di-
lates towards the chace, and exerts agzinft the fhell lefs
preflure, than the fame quantity of fluid generated in the gun
exerts againft the fhot; confequently its initial velocity is
lefs. As a howitzer 6 diameters of the muzzle in length of
bore is only half as long as an 8 pr. and as the largeft charge
for throwing a fhell 16 Ibs. in weightis 11b. 10 02. of powder
(215), this projeftile muft have.a much lefs initial velocity
than an 81b. fhot impelled by 3} Ibs of powder, with the
wads well rammed. ‘[he initial velocity and the fpecific
gravity of the fhell being lefs than thofe ot the fhot, the air’s
refitance wiil be greater; and conlequently its penctrations
into the fame butt will be lefs.

217. There are two methods of afcertaining the effects of
howitzer fhells: the firft is, by firing againtt a butt at dif-
ferent elevations and diftances, and coinparing the penetra-
tions of the fhell with thofe of a fhot fired from an § pr.,
The refult will exprefs the provortion between the effecis of
the two projectiles, though the hole m.de by the howitzer
fhell will be much Jarger than that made by the thot : but the

' velocity
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velocity with which the fhell impinges on the butt and its
gravit. being lefs than thofe of the thot, the penctra=
provided the butt be of a proper confiflence, will be lefs
than would refult from the formula f5 - D «® (182).
The fecond method, is to find the initial velocity of the
fhell fired at different elevations (167.)
"I+ As the difference between the elevations and the cor-
velocities will be greater in tite fhell than in the
thot; it will be neceffary, after having afcertained the inivial
velocity and the value of r =the refiftance of the air, to find
the remaining velocity =V and fubftitute its value in the for-
mula D#?, in order toobtain the penetrations of the (hell
fuppofing it to be folid: but as its weight is lefs than the
g:’ﬁ: gravity of a fphere of folid iron of the fame diamerter,
expreffion D %* muft be diminifhed in the ratio of its
adual weight to its weight when folid ; which will then nearly
gv:&ahfdntapmetmim to be compared with that of
218. Thefe experiments having been made with a 5§ inch
howitzer and r = 12 for the refiltance of the airto a 32 i{ fhot,
the remaining velocities of the fhell fired with
tion to firike the butt at the different diftances are inferted in
the fallowing table, and alfo the correfpording relative pene-
trations, fuppofing the fhell to be folid and the butt eafily pes
netrable.

Relative
The velocity with which the fhell impinges. penetrations,

. Yards. Feet,
Shell fired clofe to the butt 472 sk x472?

At the diftance of 340 364 1 x 364*
At the diftance of 680 286 g{- x 286‘

The weight of the howitzer fhell being to a folid fphere
of iron of the fame diameter as 7 to 10, the above penetra.
tions will be reduced to %; and will be as follows : '

N Relative

yord penetrationse
ardse

Shell fired clofe to the butt 2359

At the diftance of 40 — 1404

At the diftance of 80 - 869

Oa



OF PROJECTILES. 219

" On comparing thefe penetrations with thofe of the 81b,
fhot (183) the number of men in file that the fhell can pafs
through from the different diftances will be found in round
numbers.
Number of men
deftroyed by a thell,
Yards.

Fired clofe to them - [
At the diftince of 340 —_ 3
At the diftanccof 680 — 2

21g. To derive from the howitzer fhell the fall-ft efeds,
it fhould burft in the mid{ of a bodv of troops, and its wer
of movement be quite extauted in paffing throuz™ the cb-
ftacles it meets with befere it burd.

To determine the effeds of the Hiinters Yoo fome hewe
itzer fhells burft in the midft of z nomher of dead 2 v’y
and their effe@s be carefully obf:riad. Tlhe refls = r=—erad
will prove that the fplnters of a thell w1 mne 225 "'-:uzh
the thickeft pars of 2 ma="s badr; a=d ""ﬂ" i te
midft of a mxmbcrcfma:, ot T tar forw of “ofe
neareft to it will be wozmded: = fry 2 e 2nFsie
effeQts of the thock “2:3, tade =f ke <. R S
cernain bowm.nvmc:::z:&c:...rf xmx:«:: T i oo
itzer fhell.

Number of = (27 o wonrdes,

Br e Zomx Zv e Tk
are. W o
Y.
Fired clofe *o ttem < — 3
Atthedidince € 1e- 1 — -
Atthedilzniz:é 2i- i — 5

The augiber of e ®iundes ind Tlares vi e Feder,
if the jeait remdriz za3 if e wuin e iruX w e B
marksd tn the = e ot mroen Sor

222. On comcarmp e ez o 3 kel wnd Loy -
it is appacent was ©ouies L e hrexs ooce W e
common £ Xy. tur i B omies Wt vt .- el
charge are more 2T 2 TE0 10 W em st Nar Tl
only advaotapegipe sc2r 1. e iun € wiem he Tl

burfls at £8c vads. 2 zcwrzzr kel e guns e . ar
of an arms &l kuii <ngE AL WL WA e 'R
itis mere ckapee, T Lot ove TMr U s e i
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s Mong, or the fuze be extinguithed by falling into it
mund, its effeGts will by no means equal the cffects of the
221. The remarks on the penetrations of thells conypared
- to fhot will precifely apprlK to the length of their refpective
, richochets. That the firft graze of the (hell and fhot may
be at the fame diftance, the howitzer muft be mare clevated
than the gun; the fhell confequently will not fo eafily reach
‘its deftination, the angle of incidence being lefs acute its
force will be more deadened by the fall, its richochets
fhorter and fewer. - :
" a22. To afcertain the effelts of 'a howitzer loaded with
cafe fhot equal in weight ¢o the thell, it fuffices to remark
that the initial velocity of each ball is equal to the initial ve-
Jocity of the fhell (207): which being found by experiment,
and a round of cale thot fired at the fame angle of eleva«
tion, the penctrations of the balls may be cafily determined
&305) Suppofe the balls be proje@ed from different di-
ances, then on comparing the relative penetrations with
thofe in the preceding table (20¢), or with others produced
velocitics lefs than 1450 feer, it will give the ratio be-
tween the effe@s of cafe fhot fired from a howitzer and a
gun. The initial velocity of a fhell fired horizontally or
nearly fo, is about 474 feet; the following will be the pene-
trations of the cafe (hot.

Weight of balls.  Very near the butt. At the diftance of

0% 170 yards.
61 - 803 —_— 138
3 — 640 - 59
I — 444 - 6

On comparing this with the former table (205}, the pene-
trations of balls projefted from a howitzer placed clofe to the
butt, are to thofe of balls of equal diameter impelied from of
a gun withan initial velocity of 1450 feet; as 803:7580 ; oras
10: 94 nearly: and at the diftunce of 170 yards, as 138:
4624 ; oras 1: 33 nearly.

223. But as the howitzer contains three times as many
balls of the fame diameter as the 8 pr. and 6 times as many
as the 4 pr. this difference fhould be likewify eftimated. To
this end, the relative fituation of the trvas againft which
thcsy are fired muft be confidered.

uppofe a howitzer and an § pr. to be on the fame plane
with



OF PXI-IIT I

with the enery =0 =rZr 27 ——== === — -
ber of men T "Ze T o T

howitzer ara oy =% T3 = :

balcs of the t«> ~r-= == = = ——/ = —
ftruck by the hra st w . =iz
onc: but whes o =m=w: = = =
the cafe thot o= =z 7.- w. —== =
the grester voosr. 2 . e = D wole 2= Im e

howirzer,cnzoton t s e sl = r
make the coimjr an &2 T Smne ITloTiTmoo: Tnomew
advanrsgotus 1o 1L Lie Do —_—F - - == T

firikes tnple the o= o Ter o o Loz =
grarctefers wi - ey 2 0 = o
1111,

224. Again, & 1oz emem o TUeT = T ST oo
in form ot an «mp- ez -
ftrike one man; t-c ===
8pr.as8:1and > =t
cafe thot be put at snz:
rioritv, the nem>= .- ~: -
velocity of thoiz pro2oizl mi= e fiml terr = o
1450

(200) than o7 71k 17tz DIz e owoos

they will rangye fz=he- om0 20 =i oorooit e o
is therefore to be c-ei--zz. It T FovL o Tz T
part of this wo k. 121 temz 8 I Somgem o Tme st T

ing, if 3 cafes be elzi: T
fully confirmed by =xper
6 diameters of the =« '
mon 4 pr. :harzed « .
except when tie enzxy i ;
amphitheatre of Lills, w.] be m:-:
former. If the leng:h of the hoa
ference will be fiil greater.

225. In conftructing howitzers, tha
of the chambers may proj:it thells w°
locity and from the increared diameter contan lar
the preceding reflections thould be had is viea:
riage and the wheels, for inftance, thou'd b2 mzoe &
enough to refift the greate® effons of a large guantty
powdcr. But when the fhzll is projefted with tw.ie th
initial velocity fuppofed in the courfe of this compzrion,
the howitzer will yet be inferior to the 8§ pr.

. - -
th e Cem e

226. Ther
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226. There are particular cafes however, where the hows
i'mermaybe:gufeﬁ:h as in the attack of pofts where the
enemy is perfeitly covered from cannon fhot: the fhells from
the curve line that they-dekribe may then be of excellent
fervice ; or, in the attack of towns or villages, .where Jarge
quantities of ftraw, hay, faggots, or other combuftible ma-
terials are depofited. gome pieces of port fire compofition
may be put into the thell, which on burfting will commu.
picate the flame to every: thing around : by thefe means,.
towns and magazines may be eafily fet on fire. -

227. The howitzer may in the following cafes be ufeful
in the attack and defence of places. .

1. In a fortified town, when the cafemates or capo-.
nieres are too narrow to. admit guns of the come
mon length ; howitzers are then preferable to fthort
E.;m of cylindric bore," as the explofion of guns of

ge calibre foon deftroy the embrazures.

2. To prevent as much as poffible the inconveni-
encies arifing from the fmoke in cafemates and
nieres, and yet be able to proje cafe thot with the
greateft initial velocity ; the howitzers may be length-
ened if there be fufficient room; this will in fome mea-
fure bring back the pierrie guns formerly in ufe.

3. In the attack of places, fome howitzers may be
planted on the batteries defigned to fire a richochet, to
enfilade the covert way and its branches : effential fervice
will be derived from this mode of ufing them ; fince
befide the deftruction they may caufe among the be-
fieged, they foon filence the fire of the infantry, and
cover the workmen in carrying on the approaches.

CHAZP VI

OF SHELLS PROJECTED FROM MORTARS.

228. TH IRTEEN and 10 inch mortars are much
ufed in fieges : 15 inch mortars are now generally difufed ;
as from their great weight when properly reinforced, and the
fize of their chambers, they were very difficult to work on
the batteries: when the thicknefles of metal are diminithed
and the chambers reduced in fize, their ranges are fo much
fhortened, that the thells do not fall with more force :l:‘:fn

Q
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thofe projefted from 13 inch mortars ; they are moreover
very cumberfome and heevy. .

22g9. The principal advantages to be derived from fhells
may be reduced to the three following ;

1. In fieges, to difmount the enemy’s artillery and
bombard cities.

2. To fet fire to and overthrow works, and produce
havock and diforder among troops.

3. To break through the vaulted roofs of barracks,
magazines, cafemates, caponieres and other military edi-
fices, that have not been- conftruted with fufficient
ftrength to refift the thock,

Ten inch mortars are generally adequate to thefe purpo-
fes ; hence on principles of ceconomy, 13 inch mortars are
feldom ufed, unlefs the diftance be too great for the {fmaller
mortars : their figure being”the fame, their longeft ran-
ges are nearly in the ratio of 4:5. Of fhells of the
fame conftruction, the largeft are undoubtedly the beft for
fetting fire to buildings, efpecially when fome pieces of port
fire compofition are put into them : the fplinters are more
deftructive to works and buildings than to men, and the
harfher the quality of metal of which the fhell is caft, the
greater number of pieces it will burft into. .

Shells made of a very tenacious iron are beft adapted for
penetrating the vaulted roofs of barracks, magazines, &c.
that on coming in contaét with a hard body, they may not
break before they explode : by diminithing the interior ca-
vity of the fhell, the force of the fhock and its refiftance to
the explofion are "much increafed.

230. Our anceftors, in eftablithing the proportions of
fhells, conceived that the thickeft part fhould be oppofite to
the fufe ; that fromits fupcrior weight, it might always come
firlt to the ground, and in ftriking againft hard bodies be
lefs liable to break. Hence they fuppofcd alfo, that the
thell, though buried in the earth, would always burft, fince
the fufe would remain uppcrmoﬁ but experience has provcd
that thefe effects do not always take place, owing to the ro-
tatory motion of the fhell ; the force of which overcoming
the preponderance of the heavy part or bottom, makes it fall
on every fide indifcriminately ; and when it enters a clofe
compiét foil which ftops any communication between the
fufe and the external air, the fire is foon fmothered and
extinguithed, When the fufc is not driven far enough inte

the
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the fhell, it frequently happens that the fhell beginning ta
turn before it quits the mortar, the head of the fufe firikes
againft the muzzle, and breaks off ; thus, if the fire has not

netrated beyond the eye of the thell, it may reach the ob.
Je&t but will not burft. »

231. The difference in the form and fize of the cham-
bers, the various purpofes for which they are ufed, and the
different qualities and modifications of powder render it ne-
ceflary to alter the charges and elevations of mortars.

In the largeft mortars, the imtial velocity of a fhell in-
creafes in proporrion to the charge; hence to obtain the
greareft initial velocity, the chamber (hould be filled with the
firongeft powder, a tompion of wood placed immediately
over it, and both the tompinon and fhell furrounded with
fifted earth well rammed ; that from the increafe of refift-
ance, the inflammation of the powder may be more inftan-
taneous, and the fluid mare abundant and elaftic. An increafe
of clevation alfo adds to the initial velocity, even with equal
charges ; fince from the greater refiitance oppofed to the ex-
plofion in this pofition of the mortar, the fluid generated in
the chamber zcquires, before the thell begins to move, greater
denfity.

The fame effects do not take place in mufquets, though
fired at different clevations ( Treatifz on Powder).

To prove that the initial veloaity of a fhell is modified by
the elevation ; fire the fame moitar with two equal charges,
but at different clevations 5 for initance, at 700 and 200 : the
fhell wiil range much farther at 5¢° than at 2c°; though,
from 1he theory of projectiles, fired iz wvacue, the ranges
fhould be equal ; and fircd in the open air, the fecond thould
be the longeft. By varying the charge of powder in the fame
mortar, it has been found, that there is a particular elevation
which with each tharge gives a longer range than can be ob-
tained from the fame charge at any other elevation ; where«
fore mortars thould not be fixed in their beds at a certain
elevation, as from the t'wcory of projeétiles many have ima-
gined fhouid be the cafe. The clevations that give the
longeft ranges, differ very fenfibly in two muortars of different
calibres, but of f{imilar propurtions, charged with a quantity
of poader proportionate to the weight of their refpetive
fhells, and the fize of their chambers.

232. 't is evident, thercfure, that a knowledge of the
various circumftances that conduce to the efiectual ufe of

morlars
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mortars, muft be founded on theory, and derived from
fcience (142, 231); confequently the generality of bombar-
diers are very ill-qualified for this fervice: but from the
fmall number of officers, there being freqently a neceflity
during a ficge, of leaving the direction of mortar batteries
to the tombardiers, a particular form of inftruétion has been
exprefsly made out for their ufe, calculated for unfcientific
men, that they ma{tbe enabled to do their duty with pro-
priety and effe&t. For this purpofe the ufe of fhells is re~
duced to two principal cafes ; (229) the firft confifts in dif-
mounting the enemy’s artillery, dcﬂroyin{g buildings, fetting
fire to and overturning works, and caufing diforder among
troops : the fecond, in breaking through cafemates that have
not been properly conftruéted.

233. It is fufficient in the firft cafe (232) that the fhells
be projected with juftnefs, without much regard to the
force of the. fhock ; this may be attained by obferving the
following inftructions, which are within the comprehenfion
of every man, The bombardiers Thould prattife with 13
and 10 inch mortars of the common conftrution; after-
wards with fome of the fame calibre, but with chambers of
different dimenfions, in order to convince them that a dif-
ference in the fize of the chamber confiderably affeéts the
Jength of the range.

1. They thould know the elevation that gives the
longeft range, when the chambers are filled ; and alfo
the beft elevation and charge for firing from the batteries
conftru@ed in the firft and fecond parallels, when the
beficged town and the barteries are in the fame plane.

2. They fhould be made to obferve that a difference
in the form of the chambers in mortars of the fame
calibre, indutes a neceflity of altering the elevation,
and alfo affe@s the range; and that with the fame
mortar, the ranges diminifh in proportion as the eleva.
tion is greater or lefs than that which gives the longeft
range.

3. They thould be taught als2ys to load the mor-
tar in the fame manner, when the fame charge is ufed ;
fince to negligence or miftake in this particular, may
be attributed many of the varictics that occur in the
lengths of ranges: and that with the fame charge,
the error that may tend to fhorten the range, will not
add much to the deflection of the (hcil,

p 4 As
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4. As’a difference in the quality of the powder,

in the moifture and temperature the atmoiphere,
confiderably affelts the ranges, they thould be tanght
to make allowance for thofe circumflances, by ele-
vating-or deprefing the mortars ; by increafing or de-
creafing the charge. .
- 8. They fhould fire at a butt with the degree of
elevation that gives the longeft range, and increafe or
diminih the charge till they firike the obje& : this will
convince them that lefs irregularity enfucs from alter-
ing the charge, than from altering the elevation; for
the more the elevation deviates from that which gives
the longeft range, generally between 40° and s0°
the more irregular are the ranges.

6. When the object is to fire at troops or enfilade
works, it is better to lay the mortars at finall elevations,
that the fhells may not bury themfelves.

7. When the plane of the mortar battery is below
the plane of the objed, it is much eafier to proje& the
fhells with jufinefs, than when they are both on the

" fame, or the mortar on the higher plane.

- 234. The fecond cafe (233) viz. to break through cafe-
mated buildings, requires much theoretical knowledge in the
officer charged with the execution of this piece of fervige,
in order to determine the fituation of the mortar, its pro-
per charge and elevation ; that the fhell may impinge on
the objeét with the greatelt poflible force. Suppofe a fhell
project=d from the point A, in the dire¢tion A P (PL. 6, Fig.
22) has defcribed a curve AF N B L of the fourth kind;
in order to determine the force that the projelile has in
each point of this curve, the direCtion and quantity of com-
pound velocity at each point muft be found. For this pur-
pole itis neceffary to have a fcale of the fpaces pafled through
in times of unequal movement (170, 172) from whence
may be deduced the fcale of correfponding velocities : then,
to afcertain the direction and quantity of compound velocity
at the puint B, in the perpendicular line B P, make B E equal
to the correfponding velocity at this point, of a moverhent
B P uncqualiy a-ce’erated by gravity ; draw E H parallel to
AP, and equal to the velocity which at the fame point B
correfponds to the retarded movement of unpulfion AP ;
then the right linc H B will exprels the diection and quan-

tity
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tity of ;ompound velocity, which the fhell has at the point
B (168). .
g 35- From the conftrufion (234) it appears ;

1. That if the point }F reprefent the vertex of a
curve, F C will exprefs the horizontal dire&ion which
the fhell has at that point, and the quantity of compound
velocity, which is lefs than the fhell can havein any
other point of the curve. _

2. That the compound velocity at the point N in-
creafes in proportion to the diftance of N from F:
that the direction of the compound velocity forms a
very acute angle with the horizon, when the point N
is very near to F,is lefs acute in proportion as N is
farther diftant from F, and becomes a right angle
when the fhell has loft its movement of impulfion;
vhich in praltice is always greatly below the plane
A B : the velocity of the projetile is then reduced to
the unequally accelerated movement of gravity.

3. That the angle formed by the direétion of the
thell with the horizon, approaches nearer to a right
angle, in proportion as the angle P A B is lefs acute:
on the coutrary, when the mortar is fired at a very
fmall elevation, the angle formed by the direGtion of
the fhell and the horizon, can only become a right
:Ia;gie, in a point L far diftant from the horizontal line

A,

” a
236. The formula m V x et =/ (178) ferves t(.)
exprefs theforce of the thock of a (hellagain(ta plane, of which
the inclination is given; the application of this formula
will be rendered more familiar by the following remarks :

1. The force of the thell N increafes, in proportion
toits diftance from. the vertex F of the curve; fince its
compound velocity alo increafes (235, No. 2): the
force of the fhell at the point B being exprefled by m V
=mx BH is greater than its force at the point F,
becaufe B H is greater than CF, ~

2. If the (hell at the vertex F firike at right angles
a vertical plane, it will impinge with all the force ex-
prefled by mV =m x C F; fince in this cafe, the quantity

bei 1 2
a being equal to the whole fine, the exprefion o

P2 reprefents
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npﬁkﬁnunity: on the contrary, if the thell at the
point F meet a horizontal plane, #=¢; in this cale,
there will be no fhock, and the fhell will roll upon the

. If the fhell ftrike the point B in the plane Zy
inc?ined to the horizon with a dire@® fhock, its force
will be to the force of a thock on the horizontal plane
B Q, as the whole fine is to the right fine=« of the
angle of incidence H B Q: wherefore, if the fhell in-
ficad of firiking the horizontal plane BQ, firike
the inclined plane 1 O, the force of the fhock will be

~ Jefs; and will bein the proYortion of the right fine of the
;ii%l%:f incidence HBI to the fine of the angle

. If two fhells be projected from two mortars of
diéerent calibres, but of fimilar proportions, fired with'
the la quantity of powder, and with the fame de-

elevation ; the largeft thell will have the moft
%;re:e in the correfponding points of the curves, owing
to its fuperior weight, and greater compound welocity
(229); fince it defcribes a larger curve,

5. If two (hells of different diameters, fired as above,
in correfponding points of their curves firike two ob-
je&s in differently inclined planes, the fhock of the leaft
thell may exceed that of the largelt ; becaufe the angle of
incidence of the latter may be moft acute.

237. To ftrike with a direct thock, and with great force,
a fuperficies whofe pofition is given (234); it is neceffary:

1- To place the mortar fo that the axis produced
may cut the vertical plane of the objet ; and that the
curve defcribed by the fhell, be at right angles to it at
the point of impact.

2. o ufe the largeft quantity of powder that the
chamber of the mortar can contain.

3. To obferve the relative pofition and figure of the
given fuperficies, whether flat, or convex like the roof
of a cafemate ; whether horizontal or inclined.

4. Thence to determine the diftance that the mortar

- [hould be placed from the obje&t and its proper elevation.
238. It is obferved, that the curve defcribed by thells
does not always cut the vertical plane of the objed, in the
direction of the axis of the mortar, but defle&s from it fo as
to defcribe a double curve. ‘I'he folid fphere of bronze

projeted



OF PROJECTILES. 229

proje&ted from the eprouvette-mortar, when it reaches the
vertex of the curve, deflects either to the right or left, though
it be very denfe, and its furface very fmooth. T'he deflec-
tion of fhells, whofe fpecific gravity is lefs, and centre of
gravity diftaut from the centre of the figure, and which from
the ears and the head of the fufe prefent an uneven furface to
the air is greater : the tufe, from the rotation of the fhell
round its asis, defcribes a kind of picciloide.

T'his defie®tion does not much diminifh the force of the
fhock on a flat, but on a convex fuperficies its effects are
very confiderable; for, however fmall the defletion may be
to the right or left, the angle of incidence infiead of being
right, becomes very acute. This circumftance merits a
more particular examination :

2139. Suppofein the firft place, that the fuperficies B to be
impinged be flat and horizontal like the ramparts of for-
trefles, (Pl 6, Fig. 22) under which are cafemated barracks
or magazines, covered with thick layers of earth well ram-
med : in order to break through thefe cafemates, the mor-
tar fhould be placed in Q_ very near to the point B, and laid
at a very high elevation, as 75° or 85°, that the angle of
incidence may be nearly a right angle. If the diftance from
B to Q_be thort, and the plane of the mortar much higher
than B, the compound vclocity of the thell will be greater,
fince the angle of incidence approaches nearer to a right
angle, and the force of the thock will be greatly increafed :
the reverfe will happen if the mortar be much lower than
the object; infomuch, that if the fhell on reaching the
vertex of itg curve, meet a horizontal plane, it will roll
upon it without penetrating (236). This firtt fuppofition is
the moft favourable to the effect of fhells, the veriical plane
cutting the plane of the objeét at right angles ; and the given
fuperficies being generally of great extent, the mortar may be
placed. fo, that the thell will always fall on it, in fpite of
any trifling irregularity in the length of the range.

240. Suppofe in the fecond place, that the plane to be
impinged, be y B Z, inclined to the horizon A B; the mor-
tar muft then be removed fo much the farther from B
towards A, as the angle ABy is the greater ; the axis of
the mortar produced fhould pafs through a vertical plane,
fuppofed to cut Y Z at right angles. The diftance between
the mortar and objeét, and the proper elevation for giving a

P3 dire®
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direét fhocky muft bedetermined from a knowledge of the two
uncqual movements that form the curve (170, 172) 5 and the
initial velogity produced at a certain elevation, known by previ«
oufly ﬁrin% a few rounds to afeertain the quality of the
powder. But if the law -of the wo unequal movements
cannot be obtained, the officer muft have recourfe 1o the
treatife on curves, and their greateff am ditudes; in order to
determine the diftance A B, and the angle of elevation,
taking notice that in general thefe inclined planes form with
the horizon angles from 30° to 45° and that the initial
velogity of the (hell increafes in proportion to the greater
elevation of the mortar : by properly combining thefe cir=
cumitances, he may, without removing the mortar a great
way from the objed, procure an oblique thock of greater
force than the dire@® fhock that could be obrained at a
greater diftance with a lefs initial velocity ; fince the greater
the diftance the lefs will be the elevation, and the lefs, of
courfe, the ‘initial velocity. Under this fecond fuppofition,
defle&tions to the right' or left do not much diminith the
force of the fhock, but a very fmall error in the amplitude
is fufficient to prevent the fhell from impinging on the ob-
je&; fince thefe planes, in the diretion of the mortar,
afe of no great extent, and from their inclination, the (hocks
would become fo oblique, that the end propofed could by
no neans be attained (236, No. 3).

© 241. Suppofe in the third place, that the fuperficies be
convex, as the roof of a cafemate turned with a circular
arch : the mortar thould be placed as near to it as poflible,
that from the higher elevation, the fhell may have a greater
velocity ; and in the direction of the keys of the arches,
that notwitr. Luading any fmall variation in the amplitude,
they may ftil be of fervicz: the lealt deflection will be
futhcicut to render the fhock, which fhould be dired, very
oblique. Again, if the fuperficies be convex, in form of a
doine, the tlightett error in the direction or range will greatly
dininith the tcree of the fhock 5 fince this (uperficics declines
on ~very fide from the perpendicular : whereiore, it is of all

others the mot disicult obyact to ftrike with a direct thock.
242. Wien the officer has determined the beft fituation
for directing the mcrtars againt the objects he propofes ta
tombard; he wili inform the bombardiers of the propeg
elevation and quantity of powder, and point out every par..
ticular that caa conduce to the hetter execution of the fer-
vice
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vice : the bombardiers having been already trained at the
fchool -of practice (233) will be enabled to exccute with
precifion and eflicacy the order they receive.

243. In bombarding military edifices, the fhells may fall
on folid works ot mafonry, built vpon arches, or on foft
fubftances, as earth, &c. with which arches are frequently
covered, to fecure them from fhells. When they fall on
folid works of mafonry, they tend by their fhocks to pene-~
trate and fplit the cafemates, and by their explofion to over-
turn the counterforts, and fhatter the walls.

. Arches conftruéted on the principles laid down in the
firft ana fecond books of Military Architecture, are capable
of refilting the motft violent thocks from 13 inch fhells : their
refiftance increafes when they are conftructed of the beft
materials, in a climate favourable to their acquiring great
tenacity ; and when they are contiguous to folid and im-
moveable bodies.

In buildings totally detached from others, or built on
eminences, the cpunterforts thould be {o propertioned, as
not only to refilt the preffure of the vaulted roofs, but every
fhock to which they may be expofed from fhells.

244 All the effect of a fhell falling upon a folid work of
mafonry built on arches, is reduced, if the arch be well
turned and made of choice materiais, to a fmall excavation
in the place where it falls: it even often happens that the
thell breaks before it burits, particulariy when caft of brittle
iron. But if the arch be not firmly fupported, the counter-
forts not fufficizntly folid ; or in infulated buildings not well
proportioned to refift the thock, and the unneccflary thicknefs
which mafons generally give to the arches, under the idea
of rendering them impénetrable ; the fubftances in too fmall
a mafs, as in detached powder magazines; or the ftone of
of fo elaftic a nature, as confiderably to increafe the fhock ;
(Treatife on Moving Bodies) in all thefe cafes the fhells
will produce the defired effeits. A fhell on penetrat-
ing a brick arch, makes 2 hole nearly circular, if the
bricks be of a good quality : but if from the negligence or
ignorance of the workmen, the materials be bad or badly
worked up; or if owing to the climate, they have not
acquired a {ufficient degree of tenacity, the fhell, befide ma-
king a hole, will [plit and fhatter the building.

245. Shells falling on arches covered with earth or other foft
materials (243) bury thenlm)felvcs without daing any mate-
. , 4 rial
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every part. There are certain particulars that ought to be af-
certained, betore an officer can fafely give his opinion : in the
cafe, for inftance, of his being confulted about forminga field
train of artillery; he muft, before he is competent to decide,
be acquainted with the nature of the country, the plan of
operations and the ftrength of the army ; that the quantity of
ardllery may be adequate to every objeft propofed by the
commander in chief, without being fo numerous as to em-
barrafs or retard the movements of the troops.

7. In the third place, he fhould adapt every thing fo judi-
cioufly to the nature of the fervice, that they may all concur
with precifion to the attainment of the obje in view, with-
out unneceffary trouble or expence.

8. Having decided on the means to be employed; the
fourth confideration is, how to employ them to the beft ad-
vantage; or the enterprize may at lat prove abortive: for
viftory depends not more on the number of troops, than
on the difpofition that is made of them ; and a train of ar-
tillery fufficient for the redudion of a fortre(s may become
inadequate to the purpofe, through injudicious management.

9. Under the fifth head, are claffed the difpofitions for
carrying any project into execution (5); they are as it were
the foul of the enterprize; for by them all the various parts
of the fyftem are put into motion and made to concur to the
fame point; whereas a want of concert might render all the
previous meafures ineffeCtual and be productive of nothing
but confufion. A certain numnber of perfons are made ac-
quainted with the leading fteps that have been taken to enfure
its fuccefs, and the plan laid down for carrying it into ex-
ecution in a given time. :

10. And laitly, to render the event fuccefsful, all acci-
dents capable of deranging the plan fhould be carefully
guarded againft. In this, refpe¢t muft be had both to the
obje&t itleif and to every collateral incident, [f it be ina
tended, for example, to difpatch a convoy of artillery by
land; a fufficient number of pioneers and carpenters fhould
be fent forward to mend the roads, and reparr the old or
make new bridges, that the march of the convoy may not
be impeded by the breaking down or overfetting of any of the
carriages. Is a poft to be furprized ? the different bodies of
troops deftined for this fervice thould be provided with trufty
guides, perfectly acquainted with the country; and every
presaution taken by the officers commanding the ﬁ:vcrz_&{li di-

vifions
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vifions to prevent defertion, left the enemy be apprized of
the defign.

11. The plan being thus digefted, the execution follows:
and firft, the officer charged with the conltrudion of the
firtt battery at a ficge will determine from obfervanion, whe-
ther by dire& firing, he fhould endeavour to difmount the
encmy’s artillery, and beat down the defences; by richochet
firing, enfilade the works and harrafs the befiezed ; or by
firing with red-hot (hot fet fire to the buildings.

He will, in the fecond place, reconnoitre the ground, that
the battery may be ereted on the moit advantagecus fpot.

He, will in the third place, afcertain what number of
men, and what quantity of tools and materials are wanted
for its conftruction.

Fourthly, he will confider the means of employing cvery
thing to the greaielt advantage, that the battery may be con-
ftrucled in the beft manner, and in the thorteft fpace of time
poflible.

Fifthly, he will divide the workmen into different parties,
dire@ing thefe to throw up the earth in digging the ditch,
in order to form the battery; thofe to piquet down the faf-
cines: fome to r:m the earth; and others to bring the ma-
terials from the grand magazine.

Laftly, he will take cvery precaution to guard againft mif-
takes in throwing up the works, or cuiting the embrazures
during the night; and to prevent the fev.ial detatchments
from mifling their way, or interrupting each Stiver in tranf-
porting the ammunition, &c. to the batterv,  The fubaltern
and non-cominitlioned officers will infpect the conduct of
the workmen, and take care that they do their duty.

12. The circumitinees that arife isy the rxecution of an en-
terprize frequently induce a neceflity of doviating {rom former
fyftems, and fometimes even of varying the v hol: difpofition
to the great embarrafiinent of young officers : they thould there-
fore be prachiled in the folution of different problems beft cal-
culated for exerciting their inventions, and obliging them to
haverecousfe to therr own miads for refourcesin cafes of no-
velty and dificulty, but which yet require inftant determina-
tion and exccutiog.  Such s the path trod by all military men
that alpire to ¢minence in their profeflion; and fuch is the
road by which officers have arrived at diftincion and re-

nown,
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‘The divifion of this work is into three parts: the firft
treats of the fervice of artillery in the attack ; the fecond,
in the d-fence of fortified towns; and the third comprehends
the various other branches of artillery {ervice in the field.

FIRST PART.

OF THE SERVICE OF ARTILLERY IN THE ATTACK OF
ForTiFiep Towns.

13. » » HENEVER atown fortified according to rule
is intended ‘to be taken by fiege, the object of the befieger is
to make a breach; which may be effe¢ted by the means of
heavy ariillery, or of mines: and the execution, in either
cafe, refts with the royal corps of artillery.

CHAP L

OF THE FIRST DiIspPosITIONS TO BE MADE FOR Bs-
SIEGING A PLACE IN FORM.

14. THE firft duty of an artillery officer, when it is
refolved to lay regular fiege to any place, is to make out a
ftate of the guns, mortars, ammunition, machines, and
carriages of all kinds requifite for that purpofe. To be en-
abled to make a proper proportion of ftores, the command-
ing officer of artillery muft be mafter of certain data (6) ;
that is to fay, the commmander in chief, or the general offi-
cer charged with the direStion of the fiege, thould commu-
nicate to him a plan of the fortifications and environs of the
place, accompanied with fuch profiles and remarks, as may
enable him to afcertain what fronts are moft attackable;

with the advantages and difadvantages attending each attack ;
both
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both with refpect to the works and countermines, the nitue
of the foil where the trenches muft be opened, and the fevs- -
gal heights and bollows in the vicinity of the town. He
fhould likewife be informed of the enemy’s force; v,
whether the town be prote©ted by an intrenched camg,
or left. folely to the exertions of the garrifon : if it be :nq:l; :
provided wich artillery, provifions, ﬁaom and cafemates; £
the garrifon be fufficiently numerous; and whether com- °
fed of veteran trdops or new levies; if the governorbe ]
" in high eftimation for his military talents: if the townbe |
populous, and whether the inhabitants are well affefled to
the garrifon, and of a martial or pacific difpofiion. The .
commanding officer of artillery (hould be likewife acqusiuted -
with the nature of the country, through which the fores,
&c. muft be tranfparted ; as the difpofitions that ferve for
tranfport by land will by no means anfwer for water car-
riage. -
15 lB‘nt 1& it be impomfblc to collﬂeg m i
to te the quantity of artille ores, C
mur;s“be formed on 316 generala‘ypti iples of MP'W‘"&
his arrival in camp, the engincers fhould, impart to him the *
obfervations they have been able to make on the place asd
its environs ; and the commander in chief fhould comma-
nicate whatever intellizence he may have received from
his correfpondence within the town; the original ftate of
ordnance and ftores may be then varied and adapted to cir-
cumftances, that the ficge may be carried on with proper vi-
gour. Theroads thar the laft convoy muft take to reach the
camp fhou!d be covered from the enemy, till all the ftores
are fafely arrived.

16. If the officer intrufted with making out the ftate of
ordnance and {tores be fufficiently acquainted with the place
and its environs, he thould afcertain (according to the fun-
damental maxim of all beficgers) amint which front the
attack can be made, the leafl expofed and with the greateft
expedition : and examine v hether the fiege can'be beft car-
ried on by regular approaches ; by taking advantage of any
defet in the fituation, to break ground clofe to the works;
or by blockade : and whether the former and latter parts of
the direct arrack will be fimilar. By the aid of this invefli-
gation, the quantity and quality of flores wanted for a fiegs
may be determined with the greateft accuracy ; but it will be

better
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better to increafe the proportion, if the efcorts be large ; and
to diminith it, when few troops can be fpared for this fervice.

17. The primary confideration towards detiding the
numtber and calibre of the pieces of ordnance, is to keep
up conflantly a fire fuperior to that of the place.

‘I'he following are the particular rules for the obferva-
tion of this maxim, in the firft part of the dire& attack ;

1. The proportion of 32 prs. for firing at the prin-
cipal defences of the place, and covering the approaches
to the creft of the glacis, ought to cxceed by a third
at lea’l, the number that the garrifon can bring to bear
on the at'ack, from the body of the place, or any of
the outworks, capable of making a long refiftance.

2. The proportion of 16 prs. for difmounting the
enemy’s artillery in the ravclins, and other advanced
works that may retard the progrefs of the befiegers,
thould exceed by a fourth ar leaft, the number of guns
in thofe works.

3- The richochet firing is from 8 and 4 prs. the num-
ber for enfilading any works thould never be lefs than
three.

4- Each of the works attacked fhould be enfiladed by
at leaft three 10 in. h mortars, when the obje& is to
difmount the enemy’s artillery ; and, by perpetually an-
noying them, oblige them to abandon their works.
But if the baftions be cafemated, the mortars thould
be 13 inches in bore, and the number increafed.

§. As the richochet firing may be ftopped for fear of
incommeding the workmen in completing the third
parallel, two or three royal mortars fhould be planted
in the fecond parallel, aguinft each face of the covered
way, to harrafs the garrifon during the ceffation of the
richochet-firing. '

6. Some ftone mortars may likewif: be placed in
the finithed parts of the third parallel, for firing into
the covered way.

18. Having determined the nature and number of the
ordnance requifite for the firft part of the attack, the quan-
tity neceflary for the fecond is then refolved on; making
ufe, for this purpofe, of the guns planted in the firlt erected
batteries, which ceafe firing when a lodgment is effected on

the creft of the glacis.
19. This.



barracks and magazines, (19) is from 250
rounds a gun for each 32 pr. wl(m? the dithnccs: is fhort,

and the line of direGion nearly perpendicular to the obje@s:

but for longer diftances, and very oblique diretions, the

number of rounds muft be regulated by the fituation of the

place, and it’s environs; on the principles laid down in

the third book of Military Architecture, and the Philofo-

phical Inftitutions, with regard to the effe& of cannon-fhot *
on walls. Large fhells are the beft for penetrating cafe-

mates ; to produce the full effe®, the mortars (hould be

laid between 35° and 45°% and the fhells proje&ted with the

greateft mitial velocity fhould fall perpendicularly to the

plane of the object. '

22. The number of gun-carriages and mortar-beds, 2@
well as fpare articles of cvery kind, is proportioned to the
duration of the fiege : we generally compute three carriages
for every two guns, and two beds for each mortar, whea
the fiege is expecied to laft about a month ; the proportion
is increafed for longer ficges. i

o Q




IN TIME OF WAR, ° 241

The number of beds for each mortar is Likewile increafed,
when the chambers are to be filled with powder; as the
thocks are then very violent, and foon render them unfcr-
viceable.

The quantity of tools for the pioncers, and for making
falcines and gabions, arc regulated by the works that are
intended to be thrown up ; whether lines of circumvallation,
or only approaches and batterics on the tront of the attack.

T'he quantity of powder is computed from the number
of rounds (20), and the propcrtion for cach charge; this
is in general effimated at § of the weight of the thot for
Jarge guns, ard huif of the weight of the fhot for guns of
fmaller caiibre T'he comunon charge for 13 inch mortars,
including that of the thiell, is 121bs. of powder ; 65lbs. for
the 1o inch mortar, and 3'lbs. for royal mortars ; the charge
for the ftone mortar is 4lbs. of powder, and for hand gre-
nades, 330Z.

23. When artillery, ftores, &c. are tranfported by land,
oxen, horfles, and fometimes mules, are ufed for drawing
them. The weight that two oxen will draw on toierably
level ground, is about g cwt. two horfes or mules will draw
about 7 cwt. : in hilly countries, the weight fhould be dimi-
nithed by a fifth.

The weight in cannon being more concertrated than
in common carriages, five pair of oxen are harnefled to a
16 pr. mounted on it’s carriage, weighing 36 cwt. ; whereas,
four pair would fuffice, if the weight were divided into four
equal parts. In mountainous countries, the ammunition,
tools, &c. are carried on beafts of burthen: a common
mule will carry a weizht of 2 cwt. and a full load for one
of the ftrongelt, is 2. cwt, but every article that exceeds
1 cwt. fhould be put into carriages. It is much more
expeditious and ceconomical to make ufe of boats, if there
be any rivers or navigable canals in the country, that the
convoys are to pals through: to determine the number,
the fize of the bouts muft be known, and the foundings of
the rivers ; as the freight of cach mult be proportioned to
the depth of water.

24. To exemplify the above maxims, let us fuppefe ; -

1. A fortified town N N (Pl. 1), is to be befieged in
form : that the nature of the fuil is favourable for
carrying on the approaches, and confructing the bar-
terics ; and that the adjacent country is level, and

Q. n:ither
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neither particularly advantageous mor .....dvaniageon
to the befieger. T

a.-That the works aré reveted ; the revetemenns
of the common thicknefs ; the height of the Body of
the place about 40 fecty and of the counterfiarp, abow
20 feet ; the profiles juft, and the works murually Sk

. ing each other; no countermines, but cafemates ad
magazines covered from cannen-fhot; and an ample
provifion of flores of all kinds.

4. That from 16 to 18 guns may be mounted on
the faces A, B, of the baftions in the front A B that &
dttacked ; and the fame number upon the four faces
C’ D’ E, F’ Ofthel“lvelinl. :

. That the garrifon is fufficiently numerous, com-

ed of veteran troops, and commanded by experic

enced and gallant officers.
25. The firlt fltep towards making out the proportion of
ery for laying fiege to the fuppofed fortrefs, (Pl 1) is o
draw a plan of the attack ; and then determine the number
and nature of the pieces of brdnance, on the principles before
laid down : the following will be the refult ;

Twenty-four 32 prs. for the royal battery GG,

‘Twenty-four 16 prs. for the batteries H, K.

Twelve 8 prs. for the richochet batteries M, O,

Twelve mortars; four of 13 inches, and eight of jo.
inches, to be diftributed in the batteries L, N.

Twelve royal mortars to be placed in the fecond paralid,
for covering the fappers ia the third parallel, when the riche-
chet firing ceafes.

Six ftune-mortars to be placed at Q,, in the third paralld,
to annov the befieged in the covered way.

26. Upon the fame principles may be computed the quan-
tity of artiliery necefliry for the fecond part of the dired
attack : it will be nearly as follows ;

(Pl 2.) Five 32 prs. for battering in breach the ravelin
P from A.

Four 32 prs. for filencing from the batiery B, the guns
on the baftion Q_ which covers the ravelin P.

Eight 35 prs. viz. five for battering in breach the baftion
from C, and three to be planted in the battery O.

3 Six 32 prs. for tiring from D againft the upper and lower
lank R,
Three

|
0

|
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Three flone-mortars to fire from the battery E againft
the ravelin P,

T hree ftone-mortars to fire from the battery F againft
the flank R, which covers the breach N in the baftion Q,

Eight 13 and 10 inch mortars to fire from the bpttery G
againft the flank R ; on a fuppofition that its fire is fuperior
to the counter battery D. .

Eight royal mortars to harrafs from the battery K the
troops that defend the ravelin P,

Eight mortars of different calibres, to harrafs from the
battery H the troops that defend the baftion Q_; and pre-
vent them from throwing up intrenchments, _

According to this calculation, the artillery ufed in the
firft part of the attack, will be amply fufficient for the fecond.

27. The number of rounds for each piece is determined
by the duration of the fiege. In the cafe in queftion, the
greateft number of days that the batteries will be open, .
will be nearly as follows ; '

!}_’l. 1.) The batteries G, H, K, L, M, N O, twelve days,

he royal mortars in the fecond parallel, ejght days.

The flone mortars at Q_in the third parallel, fix days.

(Pl. 2.) All the batteries conflructed for the fecond part
of the attack, eight days.

28. The following is a proportion of ftores for carrying
on a regular fiege, under thefe circumflances (24): the
whole is fuppofed to be fupplied from one depot, and tranf-
ported to the fcene of action, in carriages drawn by oxen
along level and well made roads. This ftate will alfo ferve
as a rule for ranging each article, in the clafs to which j¢

properly belongs.

Qa2 S:ate
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State of Artillery, Anllmunition, and Stores of all kinds, for
 laying regular Sicge to a fortified Town N N.

Ns.of | Ne.of
Noe. and Nature of No. exd Nature of Gun-  Pairs |Cerny,
. Orduaxce. . carriages. oaf
" : . . Xex.
24 Heavy 32 prs. carried
" on 24 block waggons, o
with  draught chains p - cecveinviciiensstnsnn 192] -
- for 8 pairs of oxcn to ;
7S | Y ..J

Heavy 16 prs. mount-
* ed on travelling carri- .
) %e‘with limbﬁ'ﬁ ﬂ’ld > Ssstssnarnesanesannrse wesrsne J20] == -
- draught chains for 5
- pairs of oxen to each )

12 8 prs. mounted on

travelling  carriages, o
. m-m nmm md mo Il“n-llntl.lll..“ﬂlrlll‘“ 2‘

pairs of oxen to each

60 Guns. . 36 Carriages for 32
' prs. with limbers |
and fide arms at 72| —
2 pairs of oxenj
each .cciienenn.
12 Spare carriages,
with limbers for
16 prs. and 36
fets of fide arins
6 Spare carriages
with limbers, and
18 fets of fide
arms for § prs
54 Carriages.
Carried upon 7 block
carriages with draught
chains, for 5 pairs of( """ © 35 =
oxen cach

I2| —

6 Stone mortars
4 13 inch ditto
8 1o inch ditto

Carried over  461] —

12 Royal
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Pairs of
Oxen.
Brought over 461
No. and Natare of Ordwance.
12 Royal ditto, carried in
2 common carts, Wilh} . 4
2 pair of oxen each
30 Mortars 6c Mortar-beds at 2 to each mortar 22
60 Scts of fide arms for the mortars 3
Spare Articles,
4 Block waggons, at 2 pairs of oxen each .. 8
24 Wheels fhod with iron for 32 and 16
pr. carria’ €5 ciiiasmresnrieiesicetcireanrescorennnnes
12 Whe'ls thod with iron for 8 pr and 12
block ditto - s
100 Axle-trees for cnmages of all forts weens 3O
2co Spunge-flaves for guns  .covviviian S 4
100 Sheep-fkins for fpunges ..eoenes crersemnenes w1
Shot, Shells, and Grenades.
28800 Shot for 32 prs. at 1200 rounds a gun,
and 40 to each Cart  wvceeerecenrninnccennenas } 720
37280 Shot for 16 prs. at 720 rounds a gun,
and 8o to each cart avcverienernnennsenenrean 216
7200 Shot for 8 prs. at 600 rounds, and 160
10 €2Ch CAMT  wmrvivrinvrsecsmssesrsesesaeeersnenene 45
2400 Cafe-thot, half for 32 prs. the other for
16 prs.  .ees
4800 13 inch fhells, at 1200  rounds for eachz 686
mortar, and 7 fhells to each cart ..........
g600 10 inch fhells, at 1200 rounds for cach} 6
mortar, and 14 fhells to each cart  ......... 40
51520 Royal thells, at 840 rounds for each mor- 88
tar, and 40 fhells to each cart ................ 2
12000 Hand grenades, at so0to each cart ......... 24
Carried over 3187

245

Curtsy

22

12

]
OF

720

216
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Brought over 3187

3 Shot, Shells, and Grenades continuéd,

8508 Fuzes for 13 inch mortars L
31006 Ditto for 10 inch ditto ...{Packed up in
33006 Ditto for royal ditto ........ fand bags ...

. 25000 Ditw for hand grénades ..
Hottoms of wood for the flone mortars . 16

4000 Bafkets for ditto . 40

. . Machines ahd Cordage.
606Hmdfpuk& ; - 1

Longlevmwithhdrfa ..... SO
l;?h coinplet ih i
ns with topes .
Hand jacks ..o semmmosss St
& Ropes for guns, 2§ fathoms each  .......
& Ropes for gins, 15 fathoms ach -
20 Double flings ... -
700 Ropes for tying the ammunition upon
the waggons, 8 fathoms each .............
100 Drag ropes, 10 fathoms cach ..............
26 Cwt. of cordage for tying and packing ... 4

.12

Ammunition,

5922 Whole barrels of corned powder, viz. ... 647

cewt.  gqrs. lbs.

2635 1 12 For 28800 rounds from 32 prs.

at 10415, e e
790 2 24 For 17280 rounds from 16 prs.
1 | TP
105 1 20 For 7200 rounds & richochet, at
1lb. 100z, 4dr. v

mortars, at 121bs. 4 0zs. 12drs
including the charge for the thell

Carried over 3945

527 o 16 For 4850 rounds for the 13 mch}

» W WO

Carts.

2716

‘%a'

‘® +w 00

14

647

3474

Ammunition
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Pairs of ) Curts.

Oxen.

Brought over 3945|3474

Ammunition continued.
cwr  gre. fbs, .
562 1 4 Forqgboo rounds for the 1o inch

mortars, at 6 lbs. 8 0z. 14.drs. ...
337 1 9 For 1152c rounds for the royal}

thortars, at 3lbs, 40z, 7drs.
146 1 20 For 4000 rounds for ftone mor-}

tars, at 4lbs. 1o0z. gdrs. ...
21 3 24 For 12000 hand grenades, at
: 30z. 4drs,
g12 2 o For the infantry, at ! of an oz.
for each mulquet cartridge ...
282 3 1 To fupply the watte and Joffes,
. being in the proportion of ., of} -
the whole ... vctiincceesrancrnnes.
91 o © 8;' ma{tch ................................... 10
1820 o o mufquet balls including g1 cwt,
3 of piﬁolq bullets wecrnnn g9 .......... } 200
150000 Flnts i cssnisaecnn e
660 Oil-cloths for covering the powder and
11 11 + YOO PP PRUP ctsenres

Various Articles.

2000 Oak planks for the platforms .

1000 Sleepers for ditto  ....commsenernnenieseneens -
3000 Fir planks for the frame of the gallery of

defeent into the ditch  wvreiieivcnen sesresane ©
500 Beams for ditto - 0
40000 Sandbags s essemnanenssasasassssesanes 16
5000 Ballaft bafkets .. evocereiinicisesnsscmsuseciisnnsns 35
150 Cuiraffes with cafques for the fappers .. 6

gt Cwt. of greafe for the axle-trecs and the }
laboratory  wevmnseunee - - °

Io
200

200
5o
7%

30
16
35

6

10

— | —

Carried over 4576 14105

Qs Iron-
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Palriof
. : Oxem.
. . Brought over 4576

Iron.work and Nails,

54 Cwt. of iron of forts for the wheels and 6
axletrees of gun camiages  ..ocasneiens
36 cwt. — Of forge iroh in bars and rods  weeee 4
gewt, — Of ftee v
29 cwt, — Of nails for wheels ...ccmrieniunnn
s4cwt. — Of nails for platforms  wwesivns ¢ 10
scwt, — OF nails of 40 totheIb. cvuerrecricennn
3cwt. — Of iron wire —

Atrticles for the Laboratory.

36 m- —— 0f maled w'der 000 neee aoes 0000 snse BORTIL
' 36 cwt. — Of refined faltpetre  wovcemssmesccsasnensse
18 cwt. «— Of flowered fulphur * .ccceeesesmsmssssesens
45cwt. — Oftar . S

45 cwt. — Of pitch -

4 cwt. — Of packthread .

3 qrs. 8 oz. Of common thread -

gewt. — Of flax .. s | Packed in

3 qrs. Of fine tow  cocrcrvne wiee, boxes }

gewt, — Of glue i

3 qrs. — Of yellow wax ...

2 ewt. 2 qrs. Of wax candles  ..J

3216 Yds. of barras v,

y2..5 Yds. of linen and cotton cloth ..............
1> Weams of fine writing paper -
10 Ditto of common paper ......cccvveeerrrnnineens
40 Oil-cloths for covering the above articles

wun P

Carried over 4624

IQ

PP TR

'l

4153

Inftruments
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Pairs of | Carnza

Brought over

Infiruments for the Laboratory and work- fhops.

3 Maealing tables with treftles o
40 Wooden troughs for mixing fufe compoﬁ-]
tlon .............. Deoes sescace
20 Heavy mallets for fixing fufes .........ccceuee
40 Setters for driving ditto  .......cccorrurmrinne
60 DM A 110 wvicicansinmisinssionsosssamininis
39 Ladles for ditto  u.iccvssmcsenscesssorsiannenes
24 Small brufhes for glue .....cccccoremssccercsnsens J
24 Tin funnels of different fizes for loadmg?
thells and grenades
50 Rafps with handles
50 Drawing knives  ..ccovceevemnceccuccecussrnnascss
6 Sieves of hair or fine BIK oo
6 Hand faws savsae
12 Pair of fciffars of forts
o Augers and glmblets
6 Handferews  ..ccvceicicecsenisenienns
13 GOUEES. suussmes ssspompsmeorrssinisensss
4 Paitof DINCETS  cirsssmsmumsmmnmsussinmpsmsassniniss
150 Tin meafures of different fizes ............
150 Can-hooks for fhells
100 QUadrants  w.ceimmiesseimn s,
1000 Pricking wWires wcvercsvnecsissenisnesesesiane
100 Lanterns of forts ...ccumereisensnenririssasenens
60 Wire fieves ... istas
1 Bench for carpenters
6 Buckets T ————
7o - T P A,
2 Large melting pots with iron trivets
2 Small ditto
6 Smallaxes ...
12 Hand bills  ........

Oxen.

46244153
2] 2
> 2| 2
> 3] 3

Steels, flints matches and tinder DOXES  sweomro J

Carried over

4631:4160

e e Y

Intrenching
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Palv:
of

Oxex.

Carts.

Brought over 4631|4160

Intrenching Tools.

5000 Pick-axes of kinds ....cciriicininn
10000 Mattocks with helves, fuppofing there are ¢ 100! 100
no lines of circumvallation to conftruét
600 Spades with helves neciimminiciciiirinees 51 s
"300 Axes Of fOrts  vcvrverenrsnrrisncsssrsesnesscsennes
1000 Hand bills  .eoviivvcccerenrnieiineesseonnsssarsesnenss } 25| 25

Tools for forty Miners.

200 Jumpers and gads oo

20 Tron mMallets ccicerccercneranssnrecssensenens vossonen ~|

20 Hammers with heads and points ............
20 Cutting hammers ... eeeviisecensnne.
40 Trowels '

20 Small fpades for CULEING  owrmrrrrrmeren J

2 Searchers in feveral pieces

Toools for thirty Carpenters.

10 Crofs CUt fAWS  weroreecvevsimenmrssvosmsssoresseeses 7

20 Common ditto  .cvccriviisiiinnnicraenenenn
30 Broad axes .iciviisninni e,
20 Hammers ..o
10 Sledge ditto  ccernriiirecnnneee
150 Chifels and gouges of forts
300 Augers and gimblets i
6 Hand VICES secerersieereisiessteasssnssatcssnnaronsrens
10 Iron CTOWS cciecseccammmicnisssinunscsicsasecons
6 Planes ...ccivnene eesarentressarain onsesaatrraaens

10 Pairs of pincers semsassmsmmisssmsansinan J

Carried over

4768

S —

4297

Tools



IN TIME OF WAR. 251
Pairs of |Carte,
Oxen.

Brought over 4768|3297

"Tools for ten Black{miths

® Foi‘ges complete, with anvils and flocks ... 2{ 2
2o Pairs of forge tongs of different fizes ...}
8 Nail borers  ..ccoccreivsncmmsnin s e
15 Hammers .o e L

8 Sledge ditto  .oinecniceians e covasnrnnbess -
40 Files of forts  ..ccverivcvenremrnnscrsnssonens
2 Benches with beak irons and vices  .vneen.
2 Prefles it
Spare carts and oxen with each convoy oo 87] 48

L BNy

Total 4860[4350

——— ~—e—

"The minets tools contained in this inventory, are for worke
ing under ground, and piercing the wall of the counterfcarp;
but if the foil be rocky or very hard, there muft be a greater
proportion of iron picks and fteel gads ; and the following
articles fhould be added : iron jumpers cafe-hardemed at the
points; fmall iron fcrapers for clearing the holes ; needles
for charging them ; common iron crows of different fizes ;
picks pointed with fteel; cutting mallets with fteel edges;
and mallets with cafe-hardened points.

2g. Should it be intended to atrack two fronts at once;
the quantity of guns, mortars, ammunition and 10ols of
all kinds muft be increafed in proportion to the extent and
ferioufnefs of the fecond attack.

If only one front be attacked, and the works difficult to
beat down ; as when conftru&ed of hard turf, goo or 1000
ewt. of powder muft be added to the quantity in the inven-
tory: fince after having made openings in the revetement with
cannon fhot, the miners muft be introduced for the purpofe of
making praicable breaches; and the number of rounds al-
Yorred for the mortars in the fecond parallel muft be aug-
mented by about 3, that the garrifon may be continuall
harraffed till the operations of the miners are compleated.” If
the works be of common earth with one flage of counter-
mihes; the above-mentioned quantity of powder muft be
allowed for the mines and mortars, and a third added to the
quantity intended for the diret firings from the ficft batte-

nics,
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ries, that a conftant firing may be kept up againft the des
fences of the place, while the miners are bufied in exploring

the countermices: with two flages of countermines, the

number of rounds for the mortars muft be doubled, and at
lealt four times the quantity of powder provided for the
dttack of the countermines, together with planks and jolfts
for the fhafts and galleries. hen there are no out-works

on the front attacked, the artillery and flores defigned (28)'

., for the attack of the ravelin may be omitted. the pro-

files of the out-works are too narrow to admit of cannon,
the 16 pre may be left out of the invento?': as the fire from
the 10 inch mortars will in thig cafe be fufficient againft the
ravelin, . .

" 30. Thefe obfervations have reference only to the.

Itfelf ¢ but there are others to be made on the nature of the:
adjacent country, and the choice of carriages for the tranf-
portof flores. - If the fortrefs be fituated among mountains, .
where it is difficult or perhaps impoffible to ufe wheel-canrie”
a greater number of capflans with ropes and pullies,

ages,
both fingle and double, muft be provided, that every ne
article may be brought forward by men. If the fuil be

rocky. as not to furnith a fufficient quantity of earth for the

conftrution of ‘the batteries, a proper number of facks filled
with earth and wool muft be tranfported to the fpot.

If the town be furrounded with rivers or broad conals,
fome wooden or leuther boats with their apparatus fhouid
be provided, together with a large quantity of treftles and
evcry other thing requifite for conftruing bridges, for the
paffage of the artillery and ftores, and for keeping the com-
municatinn open between the feveral parts of the artack, If
the flores be tranfported in boats or waggons, the oil-cloths
for covering the powder, match, and other coinbuftibles,
fhould be much larger than when they are carried on beafts
of burthen: when the latter expedient is adopted, firong
nets mull be provided for holding the fhot and fhells ; the
weight put into each package thou'd never exceed 11 cwt.

31. When the whole or a part of the flores for the fiege
is drawn from any fortified town, it ought to be as far dif-
tant as poflible from the theatre of war: fhould it of necef-
fity be a frontier town, the commanding officer of artillery
cught to fignify it to the perfons at the head of his depart-
ment, that the flores he has taken away may be inftantly
replaced 3 left from fome accident, the fyltem of the war be

fuddenly

B
s .‘_A_..“!':d:‘
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fuddenly changed, and the enemy take advantage of the un-
provided ftate of the town to attack it.

Guns that are not perfeély good will an{wer very well
for richochet firing and for battering in breach : when there
are any fuch, therefore, in the town from whence the flores
are drawn, they fhould be included in the inventory, and
after the fiege be condemned and fent to the foundry : like-
wife any powder, carriages, cordage, fand-bags, or other
ftores that have been kept too long in the magazines ; fince
a communding officer of artillery may by fkilful and judi-
cious arrangements employ them very ufefully, without detri-
ment tothe fervice, yet greatly to the intereil of his fovereign,
by faving the money that the purchafe of newarticles would coft.

Finally, if there be reafon after the trenches are opened
to apprehend that the obftinacy of the garrifon may (o far
protralt the fiege, as to render the fupply of ammunition
inddcquate to the redultion of the place, the commanding
officer of artillerv (hould give timely intelligence to the perfons
chaiped with fupplying his department, that the operations
may not be retarded or fufpended.

22. Thefollowing retura thews the leaft number of officers,
non-commuffioned officers and privates for the fervice of the
artillery at a fiege under the prefuppofed circumftances (28).

A commanding officer
Second in command

Major

An adjutant and afliftant

Caplams  eecens smveniveereerssnssnniee 12

Subaltelns i 36

Serjeants and corporals  ...ven 92

Bombardiers and gunners ............ 700
840

Sappers v versereeatenss 8o

Miners ... - 40

Artificers for laymgplatformsand} o
bridges woeeeemsssnrensesssecemmrnens§ 4

Total 1000

- Befide thefe, a detachment from the line muft aflit the
bombardiers and guaners in conftructing the batteries, and
working
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working the artillery ; and a few fleady in tdﬁgentm picks

ed out for carrying on the fap, With one Hage of coume .

wermines, the number of miners muft be incresfed to

and with two to 760. The infantry muft furnith fome e

" * man for working under ground, aad bmldmg frames of
the fhafis, branches and galleries, L

l‘

CHAP L
Or ’Couvovs.

3 THE tranfport of arrillery and fleres ..m
ni or water: in the former csfe, 2 rendevvous is
hall!hg carriages, and the yoads are put in repair; h
Iatter, the boats am collofted st lbcplmmoﬁm
5o oon as tha commanding oficer of seillry bag e |
as the com oer
eeived orders from the general to forward the gune, femigy
&c. contained in the inventary previoufly concerted hetvesliy 1
them ; he difpatches an ex od officer to the camp, ¢the
moment he hears that the'| e is inveited, to choslh: 5
proper place for the park ; : : hen the convoy marches ¥y’
land he detaches one or two fubaitern officers to examine
the condition of the roads and bridges, that they may be
. repaired, or rebuilt if neceffary: in the mean time, the
ftores are loaded and every thing prepared for departure.

34. The roads fhould be broad and ftraight, for the fake
of thortening the line of march, and avoiding the delay that
fometimes happens in narrow roads to a whole convoy from
the breaking down or overfetting of a carriage, particularly
of a heavy gun, In a mountainous country, where the roads
are fleep, narrow and winding; they thould if poffible be
widened and mended ; if that cannot be effefted, new ones
muft be made fuﬂicxcmly broad and ftraight. A fteep road
is lefs inconvenient than a winding one; the difficulty in the
firft cafe being furmounted by dividing the ftores into a num-
ber of carriages ; but in the fecond, from the fhort turns,
the guns muft frequently be draggcd on fleighs by the fol-
diers with the affitance of ropes and tackles, with great la.
bour and much lofs of time,

35. Bridges, for the paffage of heavy artillery, are made
either with beams, treftles, or boats. Should there be &

neceflity
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neceflity for paffing without delay a deep ditch lefs than 20
feet in breadth, fix or feven beams may be taken from the
neareit houfes or villages: when there are none within reach,
fome trees meafuring 4 or g feet in girth fhould be inftantly .
felled, and when ftripped of the branches laid acrofs the
ditch, at about ten inches diftant from each other; and
upon them a layer of boughs, or any wood that can be more
ealily procured, 12 or 14 feet in length, and 4 or 5 inches
in thicknefs ; and the furface made fmooth with a coat of
earth or turf, 1f no trees large enough for this purpofe can
be found, or the ditch is more than 20 feet wide, a2 firm and
fubfantiai bridge may be made by placing a trefile in the
middle of the ditch, and refting the ends of the trees upon
it ; or in lieu of the treftle, a thick piece of timber fupported
at each fide by two beams fixed in the banks; this crofs
piece will be ftrong enough to fupport the ends of the trees
refting on it.

36. Bridges on treftles can only be laid over canals, or
rivers that are not {ubjet to floods; as in cafe of a large
fwell they would be in danger of being carried away. The
treftles are generally made on the fpot of well-feafoned tim-
ber that fquares from 8 to ten inches. Their height above
the furface of the water fhould be at leaft 3 feet,and the crofs
piece that forms the hcad 12 or 14 feet long: the diftance
betwesn every two treftles is 14 or 16 feet; and when the
bottom of the canal or river is not rocky or gravelly, their
feet are nailed upon {quare wooden frames, to prevent their
finking. Six pieces of timber, 7 or 8 inches fquare, called
baulks, are laid on the treitles, and the ends nailed down;
the whole brezdth from cutiide to outfide of the baulks is
from 10 to 12 feet, and over them are two layers of planks
or cheffes 1} inch in thicknefs, and 12 or 14 feet in length.
When the timber is green, the thicknefs fhould be increafed
by {; and, inlicu ot planks, any wood that is 4 or g inches
thick may be naiied on, and covered with turf or earth as
before-mentioned (35).

37. If the river be fubje& to frethes or very deep, the
bridge i~ made of hoats faltened together two and two by
fix well-feafoned baulks from 6 to 8 inches fquare, and of
fuch a length, that the ends reft on the outer gunnel of
each boat, after leaving an interval of eight feet between
every two boats ; they are nailed down to the gunnels of
the boats, and covered with planks two inches thick andf!4

cet
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feet long ; a fecond layer of planks 1f inch thick, and ro
feet long is laid tranfverfely, The pairs of boats thus
faftened together are placed at 8 feet diftant froin each other,
joined by baulks 6 or 8 inches fquare and 1o tcet long, nailed
down to the gunncls, and coversd with chefles as before,
To every two boats there is an anchor, and a cable from each
to hold them 2gainft the fircam ; and when from its great
rapidity this is found infufficient, a fheer-linc from each
boat is made faft to the banks of the river. Rails 4 feet
high arc placed along each fide of the bridge for the fafety of
pafiengers,

if the river bc navigable an opening is occzfionally made
in the bridze, by placing the center pair of boats almoft con-
tiguous to thofe on each fide, and joining them by bauiks
that are not nailed down ; thus, they may be eafily removed
to give a paffage to any boats or vellels pufling up or down.

To render the bridge mare fecure againit twells, largs
ftakes are driven intothe ked of the river, at the places where
the anchors lay, and the boats are faflencd to them with
ftrong cables.  And when there is any reafon to apprehend
that the enemy have a defign of fending down with the cur-
rent, boats iilitd with combuitibles to fet fire to the bridge,
a ftrong iron chain fhould be ftretched acrofs the river, and
fupported by flakes at about 1! foot above the furface of
the water.

38. When the bridees are made, and the roads repaired,
the train ot arfillery, &v. feis off, divided into feveral con-
vovs : forif the whole micved at once, the hne of march
would be nuarly 157 miles; fince cach pair cf oxen takes
up at Jeat 10 feer, and «ach carriage about the fame. The
diltribution fhould be made into tour parts; this will enable
the officers to pay more attenton, will render the march
lefs troublefome and tecious, and they wili be more amply
fupplied with provitions and terage on the road. ’

In the firft convoy thould ke feur the intrenching wcols
of a'l furts, that the troops may procced to thiow up lines
and open the trenches, togethes with every article belonging
to the liloratory, and a certain piopuiiion of fhells and
powder ; thar the laboratory may Lo Jattantly elablithed,
and tic neceffary preparations muade Yor the enfuing fiege.

The fecond convoy fhould be compeled of the guns
jntended for tae roval battery, the muortars tor the fecond

putailel,
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parallel, and about 200 rounds of ammunition for each
gun ; together with the fleepers and planks for the platforms.

In the third convoy fhould be forwarded the guns and
fores that will be fooneft wanted; and the fourth (hould
include every other article contained in the inventory. A
ftore keeper and deputy thould accompany each convoy: a
commiffary of artillery and fome clerks of ftores fhould be
likewife fent to take account of all iffues. The ftores in
each convoy ought to be claffed under the proper head,
that every thing may be kepr di¢tin&, and without con—
fufion : at the head of thé line of ariillery, thould be a
waggon carrying a gin and hand jack, with proper ropes
and tackles, in cale anv of the guns are ovcriet; the guns
fhould fol'ow nex: on the block carriages, and then their
carriages, {tores, &c. in the order laid down in the inventorv.

The drivers are divided into comnpanies from 40 to 6o
each, under the direétion of a conducter, who has the
charge of the carts, and is refpoutible that the drivers are
attentive to their duty.

39 The detachment from the royal regiment of artil-
lery, intended for the fervice of the fiege, is allo divided
in as many detachments zs there arc convoys, and the-
command of each is given to the eldet officer ; who pre-
vious to the march, gives the neceflary directions to his
fubalterns. When there are guns in the convoy, he pofis
the molt experienced non-commiflioned officers and gunners
on the flanks, to direct the drivers o the turnings and hol-
lows of the roads, that the carriages may not be overfrt
through their unfkilfulnels or negligence ; a fubaltern offi-
cer fuperintends this particular duty : another fubaitern
and a party is detached to the powder; and the remginder
is divided into three parts ; of which one forms the van-
guard, the fecond the rear-guard, and the third is diftri-
huted in a fingle file from front o rear, to prevent the line
of march from being broken. A non-commiffioned officer
and fome privates fhould te fent forward, to extinguith all
fires in the houfes on the fide of the road. If the number.
of artillery-men be inadequate to thefe duties, the com-
manding officer thould apply for a detachment of infantry.
Matters being thus adjufted, the drummers at break of day
beat the general ; and an hour afterwards the affemdily, when
the drivers harncfs their oxen; and at the third fignal, the
convoy moves in the order bzforc-mentioned. At thc;

R fie!
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firt bznal, the quutor-malter with the camp-colour-men
and a2 waggon-malier, goes forward to the piace where it is
intended tu halt, in oider to prepire quarters and terage, and
choofe a fpot for paiking the urtitlery ; it ougat to con-
tain all the carriages drawn up in a fquare, leaving between
cach file a fpace fufficient for harnefling and unharncling
the oxen. T'he park is formed as taft as the carriages ariive ;
and guards poited for the fatety of the powder and ftores,
and to prevent the delertion of the drivers. The forage is
diftributed in fuch proportions, that the cattle may be able
to continue their route at the appointed time. T he guards
fu.nith rounds and patroles during the night, and allow
no perfon to anproach the park, unlels fent by the com-
manding officer. ‘The fame order of march is refumed
the next and following days, till the convoy reaches i3
deftination ; ncver moving more than 14 miles a day, efpe-
cially with oxen. To prevent confufion, the drivers are
obliged to keep the fame plice during the whole march;
and for the fake of punifhing irregularity, each carriage is
numbered, and the driver vicars a ticket in his hat.

40. When part of the flures arc carried on beafls of
burthen (23), in making up the reveral convoys, they thould
be kept totally dittinét rrom the carrizges; and the officer
who goes forward to mark out the paik, ihould pitch on
one or two houles for lodginz the flores, where they
may be ranged in their feveral ¢l2its, and the powider and
other articles effectually theltered trom ram.  If no theler
can be found, fome mules ladea with plunts and flespers
thould march ot the Lead of the convoy, to make plationns
ter keepins the wrrvics that may by damaned by wet, frem
toushing te ovoured; woad  od-cloths wuh which every
muic ou ut to be previded, found be laid over tle
whole.
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a -+ and i3 appurtenances are to be
trantported i buats, oo thads thould be Jald under the
cuns zod mortars, and fmall foors made of planks for
tupporting the thot, [hells, mareh, &c. wways leaving a clear
tpace o niddle or the bost far baling,

the dores are traniperied 1 waguons from tirs maga-
zines to the place of embarkation, winch fhould be fpa-
cious ciough 1o admit of manv men beiny emploved at
the e tiae, without contullon or dancr of mixing

T . S P L sy ie
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When there is a fufficient number of boats, the whole
thould fet off at once, and form but one convoy ; but when
from the fcarcity of boats, feveral trips muft be made, the
* preceding directions for .land-carriage fhould be attended
to, and a detachment of artillery fent with each. cotivoy,
_ reinforced, if neceffary, by a party of infantry : a particular
guard compoled folely of artillery-men, thould be put on
board the powder-boats, avhich in the evenings fhould be
moored at a diftance from the others. “The place of de-
barkation having been pointed out by the commander in
chief, to the officer who was fent forward to the camp (33)
the carriages which that officer has provided are ready to
receive the guas and ftores when the boats arrive, and
tranfport them to the park. The landing-place ought
to be fpacious and commodious, and a working party of
infantry without arms thould aflift in unloading the boats.

42. [t is taken for granted, that the country, through
which the convoy is to palfs, is entirely clear of the enemy’s
troops ; fo that the guard will only have to prevent
emiffaries or marauders from pillaging or privately fetting
fire to the ftores, or endeavouring in any other method to
deftroy themh or impede the march.

But if the country be infefled with flying parties of the
enemy, it will be neceflary to take other precautions with
regard to the march and halts of the convoys; according
as the danger feems more or lefs prefling. 'T'he train of
carriages, &c. thould be drawn up if poflible in fome fecure
place, as a walled town. In cafe of parking in the open
country, a ftrong fpot thould be pitched on, and the acce(-
fible points fortified with pallifadces or abbatis.

43. The neceffary difpofitions to be made in marching
through a fufpefted country, may bs reduced to the fol-
lowing cafes : when there is apprehenfion from flying par-
ties only, detachments to check their incurfions are pofted
in the towns and places contiguous to the route of the
convoy, and a fufficient efcort marches with it for its pro-
tection.

When the convoy is expofed to be attacked by a con-
fiderable body of troops, there are three methods of covering
it : the firft, by marching a corps fuperior in number to the
enemy, between them and the convoy, till it reaches the
camp; thi8 fuppofes but one convoy: if there be feveral,
this corps muft advance to the Renemy, follow their motions,

2 and
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ar-guard, and the third, which is
confits folely of infantry, is referved for
the centre : the fourth part is diftributed in finall detach-
ments along the flanks, to feize pofls and occupy crofs
roads, &c. till relieved by the rear-guard. When the road
is 25 feet wide, the carriages move two a breaft, to fhorten
the line of march, and be the more ready to repel an attack.
Previous to crofling a bridge, or entering a defile, the
country on the other fide fhould be reconnoitered for fear
of an ambufcade, and the carriages drawn up in feveral lines
clofe to the bridge, that the efcort may be as much as pof-
fible colle&ted together: on moving forward, the former.
order of the march is refumed. If during the march an
order be given to prepare for a&tion, the officer of artillery.
will inftantly form the carriages into an oval .om oblong
figure, prefenting the longeft fide to the.enemy, with the
heads of the horfes or oxen turned toward the centre, that
there may be no poffibility of their running away: the
infantry may be fometimes compelled to reure behind the
lin2 of carriages, the powder wagyons therefore for fear of
, ‘accidents
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accident thould be placed in the centre. But when from
the nature of the ground, it is impofhble to form in this
manner, the carriages fhould be drawn up in two or more
lines, that the infantry may retire behind them, always
placing the powder waggons at a diftance. The ‘guns
mounted on travelling carriages fhould be placed in fitua-
tions, where from the nature of the ground, and the difpo~
fitions of the enemy, their fire may have the greatett effet.
When the convoy confifts of bealts of burthen, they fhould
be drawn up clofc to each other, and in one line, that the
infantry may from behind them as a parapet, dire& their
fire againft the enemy.

Stnict orders fhouk{ be given to the drivers under the feve-
reft penalties not to unharnefs tefore they arc ordered ;
which can only be, when the efcort is obliged to abandon
the convoy : the artillery-men fhould in that cafe, before
they retire, privately difpofe fone fire that it may commu-
nicate to, and blow up the powder and ftores, fo foon as the
clcort is out of danger.- '

CHAP. IL

OF THE PARK OF ARTILLERY.

45.TH E park of artillery (hould be eftablithed in a
fecure place out of the reach of cannon-fhot from the town,
and as near as pefhible to the front attacked : it (hould be
fo fpacious that the different ftores may be feparately claffed,
and loaded or unloaded without delay or confufion. With
thefe requifites it is indifferent whether its figure be regular
or not.

The carpenters, miners, and fmiths (hops are ‘fixed
in the houfes contiguous to the park; when there are no
convenient houfes, fheds are made of planks covered with
oil-cloths. A large houfe at a proper diftance from the
park is chofen for the laboratory ; and fome detached build--
ings furrounded with walls and hedges for lodging the
powder. : _

46. The waggons fhould be unloaded as faft as -hey
arrive at the park, and fent back ; referving a proper nu.az
ber for tranfporting the guns and ftores to the batteries,

R 3 The
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The guns .are drawn up in one or two lines; the 32 prs.
mounted on their cartiages ; and the whole furnifhed with
fide-arms, coins, hand-ipikes, and limbers, to be rcady
for fervice.  The mortars are left upon the block waggons ;
and the thot of different diameters feparated from each
other. The intrenching tools are depofited at the park;
the artificer’s tools fent 1o the refpective work fhops ; and
the laboratory itores to the laboratory; the powder is
Jodged in the buildings aliotted for it; a fpace is left for
the wagrons that are to remain; and the tents of the
artillery-men are pitched where they can beft guard the park.

During the night a patrole goes conftantly round the park
and laboratory, to keep off pillagers or fcouts of the enemy,
and guard againtt fire; fuffering no ftranger or idle perfon
to approach A f{trong guard is ftationed over the pow-
der magazine, allowing none to come near it but thofe
who are known to have bufinels. All thefe guards fhould
be surpithed by the infantry, that the artillery- men may not
be diverted from other neceflary duties. :

47. Things being thus difpolud, the artificers are fet
to work ; the carpenters to prepare timber for conftrufting
brid-es over the ditches, and laying the platforms of the bat-
teries : the miners to make ready the frames for the defcent
into the ditch, and the attuck of the counterinines ; and the
fmiths to repair any of the ironsvork that may have been
damzed.

The fenior officer of the bombardiers fupcrintends the
labotatery. Ail the combaftivle articies av: lodied, the
coupotnons mixed, and the tutes driven w the rosms
l2aft expoled to accident; and the thiils @nd grenades are
izaded under a fhed feparated trom the cother buildings.
“f urec or tour fmall furnaces are erc:t.d in counvenient
wates for melting the pit-n and giuc,

e working hours are rizuiated, and the greateft ho-
2oty and lobricty recommended.  The floors of the rooms
+are the fufes are driven, ard tac conpo’iions mixed,
wre covered with oil-ciuths ¢ ail iton teols are forbid to be
v.ad; no perfun b fuilered 1o brin. in tire ot any kind,
1. ¢ are any of the people empioved st the rurnaces alivwed to
o the poufe: the loaded iheds 2 put by themlilves.
... tombardiers thouid reject il tput o1 rotten fufes,
i utiteas burithimanudistely on being fired; they fhould
i. ro7al not to make them too thun, lelt they fpl in

driving ;
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Ca2AP Iv.

Or the Cos<TRUCTICN CF THE FI2:T BAYTERIES.

48. TH E otz of the belezer, in the ooSudion of
his firft batterses, is 2 Cu.nount the cannorn. v the frome
attacked, deflroy the embrazures, and harrals the z2mifon
fo inuch n the fﬂc.’z. p,. s of def crrf, that thicv may be
obliged to abandin tiem, or 2t 2 Jacken their sive; that
the approaches mayv tc cirried on '.-.‘i:h ‘more expedition
and lefs danger : 32 and 14 prs zre uid for this purpoie;
the batteries are tonfirulied w.th emtrizuses, ond freated
fo as to fire direity azzmt e warks: the ecifices in the
town are likewife cann.nzsed roin thee batteries (1g).
The befieged are perpetials harriied ziong the front at-
tacked, with fhot and th:is fiired a ~:chscket ; the batteries for
this purpofe are made withcut embrzzures, on the 1aces of the
attacked works prcduced; w.hence they are entiladed with
great precifion and effcit.

49. There are three kinds of batteries with embrazures ;
funk, level, cr raif:d on cava'iers: the firft require fewer
workmen, and are fooneft made, wherefore they are always
preferred when the ground permits : thofe on cavaliers are
never erected but t rough neceflity, their conftruction being
very tedious and laborious.

(PL 1.) If the ground at the points G, H, K, be fome feet
higher than at P, Q , the batteries erected at G, H, K, may
be funk. If G, H, K, and P, Q, beon the fame level,
the batteries may he likewife level} ; and when the ground
at P, Q_is higher than at G, H, K, fo that the fap cannot
be camcd an vmhout the fappers bcmg endangered by the

R 4 firq
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fn*frbm the bateries G,H,x;mmmwm
Sie ik | v '?:mmﬂ hwuchu.-m
unk ; they may be ma 1 2
wﬂr&nmgmdymmbeld'inwﬂn
of the enemy. ~The mortar batieries, L,
~ -and the richochet hatreries M, O, are funk in the
v Barneries for rH-holmm \llb ke funk in I’am

tife m@wjﬂﬂu,ethﬂ the OE a h !
curved line, whatever be its imnsl Y, OF ~_=i~ b |

range, it is evident that the dircét fire meationed above,
can only be relatively reputed fuch in wa&icaz,fon.::

exprefs in few words the difference between
prqoéhow one of whicl is direc?, or, more .
;ng. thelfcnrn::ed mh;:‘h is but (mall, and of the
arge; if 'we fuppole the befieged to be 4
parapets from the former, they will be uwledw the latter.
.mgo.’l‘henbp&mﬁ&eﬁrﬂhmmbu ount

. the thst may i the progrefs. =
48)3 the fire from them fhould be nearly
the faces of the works attacked, and at a M
that is to fay, from 400 t0 550 yards ﬁmmhwmllm
when at a greater diitance, the (hot will often be of no
effeét ; and when nearer, they will be too much expofed to
the mufquetry of the place. Upon this principle, it fometimes
happens that two batteries are joiued together, and prefent
a fali.nr or re entering angle towards the place ; and at other
times are entirely feparate : this difference proceeds folely
from the Citance between the battery and place, and the
relative firuation of the works.

(Pl 1.) In this cafe, there are but three batteries with
embrazures, viz. G, H, K ; each of which has two faces
prefenting a faliant anﬂle towards the place.

If tlefe batteries were ereted at the points R nearer to
the piuce, the faces v«ou}d be feparated, and there would be
fix fingle batteries R : again, if they were ereGed at S, far-
ther d:tant than G, U1, K, there would be three batteries,
each prefenuny a re- cmermg angle towards the place; and
if casried farther back as to T, » there would. again be fix
fingle batteries.

1f, inflead of varying the diftances of the batteries from
the place. we fuppofe a difference in the relative pofition”
of the works, the batteries in order that their fire may be

L perpendlcular
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perpendicular to the faces of the works, muft be ereed
more to the right or left, which will occafion fimilar
changes in their figure and fituation.

Some artillerifts having obferved that the batteries S, T
eftablith a crofs fire, concluded that they were preferable to
batteries G, H, K, the fire from which does not crofs ; but
to deftroy fo erroneous an opinion, it is (ufficient to recollect
that a crofs fire is only advantageous when the point of in-
terfe¢lion falls on the obje&t to be battered, when being
thus taken in front and flank, the effeét is greater. The
lines of dire@tion G A, L A, are precifely of this kind, as
they batter in front, and enfilade at the fame time the face
A ; whereas in the crofs fire X A, X B, thouzh the lines
of diretion interfe@ each other at the point Y, yet their
effet upon the faces A, B, is the fame as if they did not
jaterfect each other, and were drawn from the battery G.

By hek> of the directions given in this and the firft chap-
ter; it will be eafy in every cafe to determine the number,
{ituation, diretion, and kind of batteries moft proper for
battering the warks, demoiithing the buildings, breaking
through cafemates not conftructed with fufficient {olidity,
and cannonading with red-hot fhot; it only remains then
to point out the method of conftruttion.

s1. In regular fieges, batteries are conftruéted with faf-
cines and pickets 1o give them the requifite folidity.

So foon as the engineers have carried on the approaches
to the places where the firlt batteries are to be ereéled, the
commanding officer of artillery makes a difpofition of his
officers : he detaches a captain to each of the moft confi-
derable batteries as G, H, K, and puts under his dire&ion
a competent number of fubalterns, nun-commiflioned offi-
cers and gunners ; he then accompanies the eldeft of the
captains to the fpot where the battery is to be erelted, and
traces it out with pickets, leaving an interval of 20 feet
between every two guns; he does the fame at the other
batteries in fucceflion. The captain of the firft traced bat-
tery returns to the magazine, where all the artillery men
and parties of the line that are to work at the cenflruétion of
the batteries during the night, aflemble before funfet. The
adjutant of artillery makes the difiribution of pioneers, in
proportion to the extent and kind of battery, allotting 14
or 16 men to every 20 feet in length, when the battery is
to be with embrazures, and funk ; and 20, or 25 when it
to be raifed, the exact nuinber of men being determined by
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the diftance from the park. Ar funfer, the captain takes
the major part of the [ubalerns, and « lew men 10 carry
fafcines, pickets, and mallets, and marks out the batery .
making his detachment obferve the roads and rurnings, that
the men who bring upthe Rares may not miltake the way g
wtﬁfmn‘mﬂ  happens when this preeaution is negiedt
pardBularly if the road does not run alung the trenches of
comrmunication; but acrofs ficlds and weadows. - WA hile
the captain is. thus employed, the [ubaircins and a part of
the non-commiffioned officers return to the park : the pi-
oneers are by this time divided into lyvads, and prowgd
with fhovels and. -axes, alwrnately ; 1 then Tosd
es and pickers, and each fquad with an

themfelves with fafcine
officér in front, and 3 nonwcoumidoned officer in rear, pro-

ceeds with'all cxpgd‘x;“qn to the battery ; a ferjeant marchi

on the flank to make the men keep their files, and pmﬁ

~ theline from being broken, or any unneceffary delay.. When
. the fquads arrive at the battery, their work is pointed out 5

-

one of two being referyed to tran|
terials re?; m‘ﬁ;«‘mm battery.

2. In'funk batieries, the interior face is traced p
to the exterior at 2o feet diftant ; and on both faces, pi
are planted at every 20 feet 1o mark the centre =nd direes
tion of each embrazure. On the interior face, 12 inches
are fet off 1o the right, and as many to the lelt of each
picket ; and on the exterior face 41 feet to the right, and as
many to the left, which gives the form of the merlon. A
trench is then dug on the interior face 2% fcet deep, and
- lined with fafcines picketed to the ground : to give the battery
greater foiidity, a firatum or layer of long pickets is placed
with the heads refting on the upper fafcines ; thefe heads which
are about 6 inches in diameter foim part of the interior re-
vetement : the remainder of the merlon is traced with fafcines
picketed to the ground.

The ditch is then enlarged towards the country, and the
earth thrown into the merlons: in proportion as they are
raifed, other fafcines are placed, and a layer of long pickets laid
between every two rows of fafcines along the fides of the
embrazues, and between every three rows along the interior
and exterior taces ; the {lope on both faces is a fourth part of
the height. Tn general, the merlons are not raifed above.thres
feet the firft night. At day break the workmen are relieved
by a freth working party, and the ground levelled, that the
carpenters may lay the platforms, At funfet a freth party

. ~ completes
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completes the battery, conftruéts the powder magazines,
and mounts the guns on the platforms as faft as they arrive,
that the battery may be ready to open at break of day.
While the bartteries are ereching, a part of the line make
two trenches of communication between the flanks of the
battery and the neareft parallel ; this dejachment is likewife
relieved every 12 hours, s

53- In level batteries, the figure is firlt marked out with
fafcines picketed to the ground, and not lefs than 20 feet
allowed for its thicknefs when the foil is firm and tena-
cious, and 2§ feet when it is light or fan?; leaving a berm
5 or 6 feet wide on the exterior fide. he workmen then
begin to dig theditch, throwing up the earth toraife the bat-
tery ; upon the fecond fafcine, on the exterior face is placed
a layer of long pickets, and on the interior face another row of
fafcines, which gives the height of the cell of the embra-
zure. ‘The ditch inftead of being widened thould be deep-
encd as much as poffible the firft night, that the pioneers
may the next day work under cover. ‘The battery is fcldom
raifed above 24 feet high the firt night: the merlons are
traced in the manner before dire®ted. At break of day
this working party is relieved by another confifting of haif
their number ; they enlarge the ditch all the day, throwing
up the earth to form the battery or merlons, if traced.
‘When the embrazures have not been marked out, the
fenior officer plants the pickets at fun-fet for determining
their direétion, and completes the tracing of the merlons
at the arrival of the frefh working party, which fhould be
as numerous as in the preceding night; for the fake of
difpatch, a proportion of work is allotted to each man, that
the battery may if poffible be finithed that night, which
however rarely happens when the nights are thort. During
this night 3alio the platforms are laid, and fome guns brought
to the battery, if they be covered from the enemy’s fire
during the next dav. The following day and night are
employed in conftruting the powder magazines, completing
the ‘batterics, and preparing every thing for cpering them
on the third morning at fun rife. Luring the firlt night
alfo, the communicatious between the flanks of the batteries,
and the neareft parallel are made, that in cafe of a fally from
the town, every part of the trenches may be mutuaily fup-
ported.

54. In conftrucing batteries on cavaliers, the firft flep is
to raife the ground to the fame height as the intermediate

. g 4
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ground between the battery and the place. Too manf *
pioneers cannot be employed in this work during the !
but during the day fo many only as can be covercd from the
enemy’s fire ;| and to expedite the work, the foil neareft at
hand is ufed. T'he breadth at top fhould be atleaft 45 feet, |
and the flope two thirds of the height. A berm of 5 fea
is left towards the place, and the dimenfions of the battery
are the fame as before direéted (53). In the rear of the
] a proper lape is made for zﬁe drawing up the cannon,
and adjoining 1o it is conftruéted the powder magazine.
T'he battery for fchool-practice on the other fide of the river
Po will convey a juft idea of this fpecies of battery, and be
at the fame time a convincing proof that works which re- !
quire fo much time and labour, fhould never be undertaken
ar a fiege, without an ubfolute neceffiry. .
It has been advanced by fome authors, that the firft bat
teries (hould always be erefted on cavaliers, even if the
ground be on the fame plane with the place, that greater
part of the ramparts may be thercby difcovered : butif we
refle@ how high the cavalier muft be raifed before a fingle
foot of the revetement can be feen, it will appear that fuch
a trifling advantage by no means compenfates for the lofs
of time and laboor ; belides, as the firfl batreries are intended
to difmount the artillery of the place, and deftroy the de.
fences, this end will be fully anfwered when the befieger
from them can fee his objeéts without endangering the lives
of the fappers, or intcrrupting their progrefs. :
55. So foon as the fecond parallel is completed, the firft
richochet and mortar batteries are conftruéted at the points
whence the faces of the covered way, and the attacked
works can be enfiladed with moft effe&t (17). Thefe bat-
teries fthould be completed in twenty-four hours; where~
fore, 14 or 16 pioneers are allotted to every 20 feet; the
parapet is faced with fafcines, and the trench enlarged as
much as may be neceffary : paffages of communication are
made round the rear, to prevent any embarrafflment ; and
the powder magazine is conftruéted in the fpace between
this communication and the battery. When the richochet
Dbatteries can be incommoded by a plunging fire from the
cannon of the ramparts, embrazures fhould be made from
6 to 8 feet wide, floping inwards : by this expedient the
guns will be concealed, and may be placed clofer to the
parapets. When the fappers begin the third parallel, ;ihe
e
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fire from the richochet batteries ceafes ; fome royal mor-
tars are then placed in the fecond parallel to annoy the
troops in the covered way; and for the fame purpofey
fome ftone mortars are brought into the third parallel,
fo foon as any part of it be finithed. The batteries
for thefe pieces need not be faced with fafcines, unlefs the
foil be fandy; it being fufficlent if they refift the fhock of
the difcharge. :

§6. The guns and mortars are drawn to the batterics
during the night, along the roads lealt expofed to the enc-
my's fire : proper bridges having been previoufly laid ovee
the trenches for their paffage : the horfes (hould be changed
where the ground is level, and any that are killed orwound-
ed immediately unharnefled.

If the road be expofed to the fire of the enemy’s muf-
quetry, two or three guns only fhould be brought forward
at a time, to avoid the confufion that arifes when any of
the horfes or drivers take fright. In mountainous fitua-
tions, where the mufquetry of the place has a great com-
mand. new roads for the cannon fhould if poflible be made
lefs fteep and expofed. Jo fieep and winding roads that
cannot be made practicable for horfes, the guns muft be
dragged by men : when this muft be performed under the
fire of the place, firict filence and regularity thould be ob-
ferved, .and the whole halt and move forwards at once,
by ﬁgnax from the commanding officer.

CHAP V.

‘ OF THE DAILY SERVICE OF THE FIRST BATTERIES.

57. THE batteries being compleated, the general cf
the trenches for the day gives an order for them to open;
and immediatel; cach bauerv directs its fire againft its par-
ticular obj~¢t.

The richochet and mortar firing is continued, but the
dire&t firing ceafes duting the night. By ufing moderate
charges, loading the guns with care, and pointing them
with occuracy, the fervice will be carried on with precifion
and effelt: for wien the guns in the firlt batteries are fired
with the charges that produce the longeft ranges, the object

is
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1
|
|

is. frequently. miffed &mwmmwe@;&ﬁ
J

fultains, a great quantity of ammunition is ufelefs
and the guns arcolien rendered unferviceable, betn
‘clufion of the liege.
. 58 In making the diftribation of artillery-men, the fol-
Jowing is the proportion 1o be relicved every 24 hours ; wiz.
eight men to & 32 pr. fix 10 a 16 pr. 13 inch or itone mortar;
four o an & pr. 10 inch smortar ; and two to a royal
mortar, An officer and. mvcommiﬂiomd officer are at-
tached to emqu,orﬁ pieces 3 andh;chma battery contains
a greater number, it is commanded by a caprain. .
T'he abject of the direft firing is to dilinount the ar-
ﬁl?ymdmmdnmwthenmﬁnm bcm&
to work their guns when the Lefieger has M&ad himfelf
with his mufquetry in the fecond or third parallels. The
firing from any battery fhould never be diverted from the
ma.lar nMwhnhltmmndﬂdmer.
defultory operations mglm ly incfficacious towards
the reduction oi the place, he common rate of
from batterics at a fiege isat moft g rounds an hour from

sl‘;huraehov:lntl"mix\g, the guns are elevated between 8¢
and 12%; and fired with very fmall charges, juft fufficient to
throw the fhot over the parapet or into the covered=way;
that it may afterwards make [everal bounds: the proper
charge having been afcertained, is put into flannel cartridges;
that the powder being always collected together in the fame
manner the inflammarion may be uniform ; and fince the
firing is to be continued day and night, the coins and plat-
forms fhould be marked that the elevation and dire&ion may
remain the fame.

In batteries for throwing red-hot fhot, a large nrorrgme
is fixed behind the battely, the thot are laid in it and a
ftrong fire kindled: the proper charge for throwing the fhot
into the place with an clevation from 8 to 12°is put into
. the gun with a wad and” turf over it; then the gun being
pointed and primed, a gunner fpunges it out with a wet
fpunge, and with a pair of pincers puts the red-hot fhot into
the gun, and another gunner inftantly fets fire to the priming
with a match. Theie batteries likewife fire night and day;
but as the guns are foon heated, the firing ceafes at proper
intervals to allow them time to cool

60. The martars intended to enfilade the works in orderto

difmount

4
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difmount the artillery and harrafs the befieged, thould be laid
at fmall elevations, that the fhells may not bury themfelves :
and when from the fmall extent of the work to be énfiladed,
this method would produce no effect ; the charges thould be
diminithed and the elevation fixed between 35° and 45°,
being that, “as has been already obferved, which is leaft liable
to irregularity.  Mortars defigned for breaking through cafe-
mates fhculd be fued at the higheft elevation and with the
largeft charges, that the thells may produce the greatett effect,
fuppofing they fall ona horizonral plane: butif it be inclined,
the charze muft be fo combined with the elevation as to
caufe the greaielt poflible fhock. The folution of this pro-
blem may be found in the cffay on projedtiles. Seidom more
than 5 rounds from each mortar can be fired within the hour,
frem the very great attention neceffary in loading and laying
them.. The fchool practice will fhew the fervice of f{tone
“mortary at fieges ; the thowers of itones projected from them
produce great effe€t when fired at an elevation between 40°
and 50° and with a range not exceeding 270 yards.

61. In cafe of a general fally of the garrifon, the officers
will direct as heavy a five as pedlible from the barteries againft
them, bring fome of the guns to thie flanks of the battery to
cover the adjoining parallel; and ufe round or cafe-fhot accord-
ing to circumftances.  There are frequently fome field pieces
placed on the flanks of the places of arms for checking for-
ties. If, in fpite of thefe difpofitions, the guard of the
trenches is overpowered, and the enemy are on the point of
getting pofleflion of the battenies; the artiilery men fhould
dicharge all the guns, and carry the fide-arms into the paral-
lel in the rear, left the enemiy turn the guns upon them.
But thefe enterprizes cannot Fe of long duration, for as foon
as the befiegers advarnce in force, the garrifon will be com-
pelled to retire; the artillery-men fhould then inftantly re-
turn to their batterics; and in the firft place examine the
magazines to fee that the enemy Lave not concealed any fire
in them; they thould then recornmence their fire againtt the
troops of the fortie, and when the action is over repair any
damage that may have been done to the battery.

62. The commanding officer of artillery will vifit the bat-
teries every morning to fee that the fire be well dire@ed,
and examine the effefts of the preceding day : he will then
go and make his report to the commander in chief of every
thing within his department, and fubmit to him his ideas on
. . the
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ters in breach the other may play on the defences that cove
the breach. ﬂleﬁcon?, -barteries will be properly
dilpoled, if while one bom the work that the befieger
intends to give the affault 10, and prevents the garrifon from
throwing up intrenchments within it, or at leait rerards their
conftruction ; the other dirscts its fire againit-the works that
defend the breach : fo that the garrifon may from the conti-
nual thower of fhells be compelied to abandon the defences ;
or, if they perfift in remaining, be expofed to great lofs.

64. When the trenciies arg advanced under the fire of the
firlt batteries far enough to eftablith the bateries in breach,
the artillery-men will conitrut them on the points whence
their fire may the moft fpeedily and effe@ually render the-
breaches practicable. : .

If the profiles of the works be advantageous far.defence,
and ther¢ be no commanding points, the batteries in breach
and the collateral batteries muft be ere&ed on the creft of the
glacis; but if there be a rifing ground, whence at lealt half
of the circuit of the place can be feen, and any points nearer

10
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to but lower than the works, whence they can be battered
with effedt, as in the cale of the place being built on an
eminence and much expofed ; then the batteries in breach
thould be erected on thefc points and collatera] batteries efa«
blithed to deftroy the defences.

Each battery (hould be ereéted oppofite to that part of the
fortification which it is intended to batter; and the breach
will fooner be rendered pradticable, if fome guns can be
brought to bear upon it obliquely. The fervice of the mor-
tars will be moft exalt, when their batteries are perpendicular
to the faces produced of the works that are to be bom-
.barded ; thofe for the ftone-mortars thould be eftablithed in
the moft advanced lodgements, taking care that the fiones
from their fpreading can do no injury to the befiegers.

65. The third batteries are conftructed on the outworks
of the place: when there are two lines of cut-works, the
befieger after reducing the firlt, muft ereét a fourth fet of bat-
teries in the outworks moft contiguous to the body of the
place; he will alfo be under the neceflity of doing this,
whenever the body of the place is conitruéted on a fyflem of
demolition, or with double baitions: he muft deterinine on
the fpot from aétual obfervation, whether there be any readier
or {urer method of reducing them than by opening breaches.

66. In the fecond plate thefe directions (63, 64) are
exemplified : the battery in breach A is oppolite to the part
MM of the face of the ravelin in which a breach is to be
made, and fome guns might it neceflary be placed at I to
bear on it obliquely ; the collateral battery B is direttly op-
pofite to the part Q that flanks the face M M. The battery in
breach C is oppofite to the part N N of the face of the baftion
n which a breach is to be made, and if the ground at C
does not admit of a fufficient number of guns, two or three
may be planted on the face O of the place of arms, or on
the lodgement made by the fappers within it; thefe two bat-
teries will be fupported by the collateral battery 1D oppofed to
the flank R.

The face MM of the ravelin and the flank R are cnfiladed
from the mortar battery G; and fome ftonc-mortars are
placed at F and E, to project ftones into the flank R and
the ravelin P, and interrupt the communication between the
ravelin and the body of the place, The mortar battery K
enfilades the ravelin and its communication, and contributes
to annoy the flank R, and the part Q_ that covers the t\)rica'\jh
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MM: finally, the mortar battery H enfilades the facée N Q,
as well as the interior of the baftion.

If there be a cavalier, tenaille or fauffe-braie, fo as to
make R a double flank, the number of mortars fhould be
increafed. . !

All the difpofitions here laid down for attacking the body
of a place, are equal applicable to the attack of a more ex-
tended front, whether covered with horn or crown-works.

67. With counter- guards before the baltions and ravelins,
the batteries in breach fhould be conftruéled in fuch a manner
that after the counter-guards are reduced, the guns may bear
on the works they covered, in cafe the profiles of the coun-
ter-guards are too narrow to admit of the third batteries
beirg erefted on them. Thus, batteries fhould be erected at
A, B (P, 3.) toopen a breach at CC carrefponding to;hcgm
KK of the face of the ravelin; and other batteries at D, E to
open a breach at F ¥ correlponding to the part LL of the face
of the baftion. The collateral batteries fhould be erefted

eable to the preceding maxims; oneat G to bear upon the
anking part I ; and another at H to bear upon M. When
the begeger after getting poffeffion of the counter-guards,
finds himfelf under the neceffity of confiructing a battery at
N to ruin the defences O of the breach K K and another at
P to ruin the defences Q_of the breach L L, and the coun-
fer-guards are fo narrow that the guns cannot be brought up
through the breaches CC, FF to the refpetive batteries
N, F; he mift conftruét four others on the creft of the
glacis; viz, one at R to make a breach at N where the
guns may be got up, and a collateral battery at S to ruin the
defences T ; a third at V to make a breach at P in order to
et up the gurs ; and a collateral battery at X to ruin the de-
tences at Z. Under this fuppofition, the number of guns

for batteries on the creft of the glacis, will far exceed the

number requifite for the firft batteries; which muft be allowed
for in making up the proportion of ftores (28).

The rules given for the mortar batteries will be equally ap-
plicable to this as the preceding cafe (64), and will give the
fame pofition Y, :

68. The batteries conftructed on the creft of the glacis
are always funk, fince the lodgements made there form a
parapet. It fhould never be lefs than 20 feet thick ; and for
greater folidity the interior part fhould be faced with fafcines.
The diftarnce between every two guns is 20 feet, indepcndezf:

\
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of the traverfes of which there fhou)d be feveral to prevent
the batterics being enfiladed.  The interior width of the

* embrazures fhould not exceed 20 inches, that the gunners
may be fheltered as much as poflible from the mufquetry of
the place; without this precaution the fervice will be much
retarded. _ .

If the place be fo fituated that it can be battered in breach
from any of the adjacent points, batteries thotld be erected
on them without regarding the lodgments on the glacis ;
thefe batteries may be either funk or raifed according to the
nature of the ground. : _

The artillery-men being very much expofed to the ene~
my’s mufquetry during the conftrultion of the fecond bat-
teries, the general of the trenches fhould order a number of
mark(men to be ftationed at proper places behind fand-bags
or gabions, to keep up a continual fire on the parts whence
the artiliery-men are moft annoyed. While the batteries are
erefting, the commanding officer of artillery gives the necef~
fary orders for moving the guns towards them, caufing pro-

. per bridges to be laid over the trenches for this purpofe,

If there be a dry ditch in the way, a flope may be made
for getting the guns acrofs ; but if wet, a bridge muft be
thrown over. When the approach to the batteries is tole-
rably level, the guns may be drawn up by horfes one at a
time, to prevent the confufion that generally enfues when a
gun is difmounted or a driver killed: when the approach s
narrow and fteep, tke guns muft be dragged by men, -

69. The batteries for making breaches fhould fire day and
night, directing their fire againft the foot of the wall; and
afterwards againft the counterforts: fince the earth foon.
crumblcs down, when the counterforts that {upport the wall
are beat down. A wall not very thick and folid js fooneft
demolifhed with fmall charges and an oblique dircétion ;: on
the contrary, the charges that give the greateit initial velo-
cities fhould be ufed againt walls of great thicknels, provided
-there be no danger of the guns becoming unferviceable before
the conclufion of the fiege. It will be likewife praper to fire
_/'alwe:, i e. to difcharge all the guns together ; as befide the
holes made by the fhot, the adjoining parts are more violently
-fhattered, even in the moft {olid revetements. The ¢pllateral
batteries feldom fire during the night, their primary object
being to difmount the artillery of the place, and enlarge the
.embrazures fo as to render it dangerous for the beficged to
' 52 work

4
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work their guns,  When this fervice is el nally performed,
their fire is direéted againft the other parts or i pereper 10
mL‘ﬂl fhelrer for the enemy, the whole is feconded
a brifk fire of from the befiegers, thar 1he are
a&y—meﬂ being covered may fire with greater julinefs and
precifion.  The fecond mortar-batteries will fire’day and
night according to the former direéiions (63, 64).
70. The third batteries are conftruited in ihe lodgments
made in the outworks, and the fame precautions taken as

during the conftruttion and fervice of the fecond batteries 1o

cover the artillery-men from the fire of the place. o
‘When there are no outworks but rfavelins, and the enemy

feem determined to defend the breach in the baftion to the

Jaft extremity, fome guns fhould be broulgxl:, into'the v

ment made in the gorge of the ravelin, to bear on the bres

or a mortar-battery conflructed, to fire inceffantly into t

baftion, to prevent the on from throwing up intrenche '
ments to protra& the fiece. Should the curtain be covered

by a tenaille or other works, a bartery muft be

in the ravelin to fire againft it.
When the baftions are double, or conftruéied on a fyftem

of demolition, and a lodgment is completed in the exterior

baftion between the fummit of the breach and the fecond

" ‘baftion ;. the -befieger muft ere& a third battery to demelith

‘the interior work, when it can by this method be effe@ed in

" lefs time than by mining,.

Fic. 1II. Should the profiles of the counter-guards admit
of it, the third batteries may be conftru@ted at CC, F F, to
open the breaches at K K, L L; and the collateral ones at-
N, P to ruin the defences: in this cafe, it may perhaps be
neceflary to ere& the fourth hattery in the ravelin or baftion.
But with narrow profiles, the parts CC, F F, muft be bat-
tered from A, B, D, E, till they are fo completely beat
down that KK, L, L, can be battered in breach from
B,D, E. , :

The befieger having made himfelf mafter of a horn or

‘crown-work thould erect the third batteries on the terre-plein,

the interior flope, or the gorge, as may beft anfwer his pur-
pofe; the mortar-batteries may be placed in the ditch before

the front cof the work.
The greateft difficulty met with in completing the third
and fourth batteries, particularly when conftru¢ied on the
counter-

|
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eounter-guards is in- getting up the 32 prs. which from the
narrownefs and fteepnefs is a very troublefome and tedious
operation, fince they muft be dragged by men.

C H A P. VIIL

OF TtHE ATTACK OF COUNTERMINES.

71. H ITHERTO the befieger has been fuppofed
to conftruct his batteries on the glacis and the other parts of
the outworks, without any moleftation from the counter-
mines of the befieged : but if the place be well counter-
mined and under the dire@icn of fkilful officers, the efta-
blithment of the batteries will be a very arduous undertaking ;
fince in this fubterrancous war the advantage lies on the fide
of the beficged. That the fecond and third batterics may be
eredted in proper fituations, and the fubfequent operations of
the fiege not retarded by the fpringing of the countermines,
one of the firlt objels of the befieger is to render them of
no effe&t; either by filling them with water by means of a
canal made for that purpofc; by rendering the air unfit for
refpiration, by throwing into them various compofitions that
emit an infupportable fiench and fmoke of a fetid and poifon-
ous nature; by making a few fougaffes to cut off the com-
munications between them and the body of the place; by over-
fetting on the principle of compreflion, the galleries and bran-
ches intended to blow up the batteries; or finally, by feizing
pofleflion of the countermines along the front of the attack and
preventing the belicged from entering into them. But the
befieger not having it always in his option to adopt the moft
convenient method, even when provided with an exa&t plan
of the countermines; and being, when he has no plan, under
the neceflity of feelinz his way with extreme caution and at
great hazard ;" here follows a general idea of cach mode of
attack, that the befieger may judge which is beft fuited to the
particular exigency. _

72. When the level of the countermines is lower than
the ditch, fo that a ftream of water may be made to flow
into them, this expedient will be the moft eafy and effectual.
‘T'o this end, the pioncers are employed in digging a proper
¢anal ; while the mincrs divided into fquads arc fearchi!nz

S3
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for the principal galleries, either by finking thafts of making:.
ﬂbpel;‘ingghe glacgi:l; and the inant thcgy have difmverH
io:e,'tbey make an opening t0 tury the water of the canal

to it, - : .
mzuf the countermines cannot be inundated, the readieft

_ way is t6 attack ih‘;m at the entrance,
which is known to be in the fdliant re-entering angles
of the coversd way, and defiroy them: the .befleged will
be then. ented from penetrating into thofe under the

lacis. ‘To this end,.the fappers muft effe® a lodgment
tween the faliant angles of the covered way and the places
of arms : when thefe lodgments are effedted, the fquads of
miners muft 28 expeditioufly as poflible fink fhafis.a little
. lower than the countermines, from 40 to 60 feet diffant.
from each other, and catry on two branches paralle] to the .
_, Counterfcarp and a return at the extremity of each to form..
" the chambers; which muft be well loaded, that the adjain« -
ing galleries and -branches may be entirely overfet by, the gx-
plofion. If, in the courfe of this work, they meet. with 2
gallery, they muft immediately break into it, and throw in.
quantities of fetid compofitions to make it .impoffible for. the
beficgod to re-enter, that that they may finith their mines
without moleftation 3 they fhould be fprung as’ foon .s8
completed.

When the befieged deftroy any of the fhafts by fpringing
a ¢ountermine, others fhould be immediately funk at fuch a
diftance from the former, as not to pafs through any of the
carth fhaken by the explofion ; fince the labour of the miners
in working among loofe earth is endlefs, for the fides crum-
ble down as fait as the excavation is made.

Suppoiing thefe (hafis to be comnpleted and the chiambers
tharged, other fhatts may be funk in the lodgments on the
creft of the glacis, particularly on the capitals of the works,
for the purpufc of more eafily exploring the enemy’s galleries
under the glacis and enteriug them, when the communica-
tion between then and the body of -the place is cut off by
fpringing the mines under .the covered way; and when
by means of thefe fhafts a gallery Is difcovered, a party of
armed miners thouid examine whether there be a poffibility
of the beficged retutning into it.  If it be poffible, they
fhould penctrate beyond the points correfponding to the
attack, and throw in fome fetid combuftibles, taking care to
retire tune enough to fave themfelves from fuffocation; and
‘ thea
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then defiroy the communication with tols, and afterwards
with a chamber, which wiil effectualiy d=zrive the befezed
of all accefs.

When there are two flages of coumtermines, and the
miners in penctrating into the upper one, find rthe vent aters
belonzing to the lower flage; they thald throw in fuch
quantities of fetid combuflibles 2s wi.i render . imoo€Che for
the beficged to remain in them, tziing the precaution o clniz
the ventilators, that thev may rot be incnmmoded by the
fmell and fmoke, which in ticie fubterancous operatiors are
extremely pernicious. g

74. It kas hitherto been fuppofe that the zround arand
the place is nearly level : but when the focirels is balt on 2
tongue of land, fo that the front of the atak be termi-
nated on each fide by a deep ravine, the ciiners may then
drive a fhaft below the countermines, and thole cants of the
outworks on which the barteriss are t» be eected ; and
make fome chambers for blowing up the works, o a2 lead
deftroying the ccuntermires : or, if the place be fruated on
an eminence, and the flope of the glacis fch that tr.e mirvers
can drive a fhaft below the countermines ard penerrate onder
the points where the fecond batieries 27e 1o ne eyelted, ad-
vantage fhould Le taken of thefe ciriu~.Fances.

It thould in general be underi, tna: wherever amy
fubterraneous work of great extet is canyicg on, a zalery
muft be made to give a free zirculation of a7 ; but i hoised
operations, a branch which is fooner mace will wnfwer erery
purpofe.

74- If the befiezed make no aveempt 13 dellroy the fafis
in the covered way [53j, itis a £in ather ©a° tzey are
ignorant of their duty, or are feized with cm.s; ; wrers-
fore, if the miners mect with any of their ga..ers oot F
cmpoifoning them, thev fhould enter tiemn avl adyicer
towards the docrs that lead into the ditch ; ard fogrrared
by a fecond detachinent proceed into the larze gauery or. =ach
fide, till they have pafied beyond the frunr o5 the aflack,
and deftroyed the gailery in every part Ly which t'e f’,t'z?_.-/;
can re-enter the countermines : when -here are tws g4,
they fhould endeavour to defcend .rto the bmwer ore, o 4
approach the doors that lz2d immecazely o the bty f - 2
place ; this gallery fhou!d sl be crftreyed wigt, rte g5mive®
sxpedition. Hauing thus faken pofielicn A the st
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by cre bﬂm&.ﬂm the line of leaft refiflance:
1 @T‘gu which the mine is intended to a&.
47. The quantity of powder for charging mines, in-
tended only to thake the ground without making any ex-
cavation, depends on the quality and tenacity of the foil,
and on the line of leaft refiftance: but it being fometimes
out of the power of the befieger to make proper experiments
for afceriaining the tcnacity ; the following table will ferve
as a rule for the quanuty to be ufed, in a foil of fuch tenaci
as to need no frames to fupport it, in order to thake the ground
from the bottom of the chamber to the furface, without dif-
placing it; fuppofing the powder to be of a ftrong quality and
weib preferved, =

Thable
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Table of the Quantity of Powder, for charging Mines.
: under different Lines of leaft Refiftance.

Lines of leaft  Interior fide of  Quantity of Powder for

Refiftance, the Chamber.  charging the Chamber,
Feet. Feet. Incher. Cwt. grr. Jbs,
) - 1 2 — o 3 18§
134 — I 7 - 2 o 1f
16% — 2 1 — g 3 108
20 — 2 4 - 2 10
23y - 2 9 — 10 2 13
26% —_— 3 2 _— 15 2 27
30y — 3 6 — 22 2 1}
335 -— 3 11 — 30 1 16
36fr — 4 4 — 41 0 O
40 — 4 9 — 53 1 22
43y ~— 5 1 — 67 3 174
46y — 5 6 — 84 2 27}
49y — s u - 104 19

78. In the ufe of this table, it ought to be obferved that
the obje@t of the befieger being to deftroy the countermines
effectually, his mines thould be fully charged; wherefore the
quantity marked in the table fhould be generally increafed by
a half: thus, if the line of each refiftance be 23 feet, the
quantity of powder for the charge according to the table is
10} cwt., to which add 5§ cwt. or the half; then rg} cwt,
will be the charge required, to be contained in a cubical box
of about 3 feet 2 inches on the interior fide. If the tenacity
of the foil be greater, the charge muft be increafed to double
the quantity in the table; thus the line of leaft refiftance
being 26 feet, by doubling the quantity 5% cwt. marked in
the table, 31 cwt. will be the charge required to be contained
in a box 3 feet 11 inches on the interior fide. Inloofe fand
foils, the fame rule muit be obferved ; as the elaftic fluid
elcaping more eafily, aéts with lefs force.

79. By whatever method the befieger fucceeds in ren-
dering the countermines ufelefs, he fhould inftantly proceed .
to the conftruétion of the fecond batteries; and for greater
fecurity, keep fome miners ftationed in the galleries that he
has taken pofleflion of, to lifien if the befieged make any
efforts to re-enter,

8o. The



[ 4
282 SERVICE OF ARTILLERY

80. The tountermines under the outworks or ditth, mo#
be attacked before the third batteéries can be ere@ed.

If the profile of the attacked work be narrow, as that of 2
counter-guard, for example; two or three holes, diftant from
each other about 50 or 60 feet, thould be made near the foot of
the revetement by the battering guns; floping even for that
purpofe, if neceifary, thc embrazures and the top of the
counterfcarp : the wall being thus pierced and the delcent
and paffage acrofs the ditch completed by the fappers, the
miners {hould be introduced into each hole, to drive a fhaft
into the terreplein, equal in lenath to the height of the wall;
and having made branches to the right and left, they fhould
make a chamber at the extremity of each, to deftroy the fur-
rounding countermines. If they meet with a branch or
gallery, they fhould endeavour to chafe the befieged from it
by throwing in fetid combuftibles ; and in the mean time pre-
pare and charge a chamber or two to deftroy thefe counter-
mines and fhake down the cafemates: while one party of
miners is thus employed, another thould explore the commu-
nications leading to the countermines under the glacis from
the attacked outworks, in order to drive the befieged from
thence by force or other means.

Thele operations are carried on under cover of an inceffant
fire of mufquetry from all the lodgements that bear upon
the ditch, to check the befieged in any attempt to deftroy the
epaulment, or diftwrb the miners,

81. If the attacked work be very {pacious and the be-
fieger under the necefity of erelting batteries at the gorge ;
after having deflroyed the countermines under the breach
(8c), he muft effect a lodgment in the gorge by affault;
and then by finking fhafis endcavour to cut off the commu-
nications between thz countermines and the body of the
place: for this purpofe the dircétion given (73) for the attack
of the counrermines under the glacis may be fuccefsfully
applicd.  While this is going torward, he ihould endeavour
by means of the (hafts funk upon the capital, or of the coun-
termines he las pot pofleflion of, to penetrate into the gal-
leries under the goree of the work, and totally expel the
belieged, afcertaining by thele means the fecurity of his bat-
terics.

82. From thefe premifes it may be inferred ;

1. That to attack a place with two ftages of coun-
termines, there muft be a large carps of miners and
great
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great confumption of powder; and even then the pro-
grefs of the befieger will be flow, if the garrifon exert
themf(elves.

2. That it is neceflary to have an exa& plan of the
countermines ; otherwife much time may be loft in ex~
ploring them, or they may be fo badly difpofed as not
to merit the trouble of countera&ing their effeds,

CHAP. VIIIL

OF TR SURRENDER OF THE PLACE.

83. TH E artillery will continue firing after the cha-
made is beat, till ordered to ceafe by the general of the
trenches for the day, or till anfwered by the beficgers ; and
every thing will be kept in readinefs for renewing it at a
moment’s warning.

While the terms of capitulation are fettling, no perfon is
to be fuffered to reconnoitre the batteries and approaches.
When the capitulation is figned, and one of the gates of the
place taken poffeflion of by fome picquets of grenadiers, the
commanding officer of artillery, by order of the commander
in chief, will fend the fenior officer to receive the artillery;
and the fenior officer of miners, accompanied by one be-
longing to the garrifon, to examine the countermines. In
the mean time the batteries are provided with ftores, &c.
till the place be entirely evacuared.

84. A few hours before the garrifon marches out 2 de-
tachment of artillery will be fent to receive the keys of the
magazines, and take an account of all arms, ammunition and
ftores ; and all places where any articles may have been
concealed or depofited : to be the more exaét, the officer
commanding this detachment fhould demand a copy of the
inventory of flores previous to the fiege, and an account of
- the expenditure while it lafted. ‘

Every article that is liable to be ftolen fhould be locked up
in the magazines, and a fufficient number of centinels and
guards pofted for their protection.

After the evacuation, an inventory of {tores muft be made
out; the guns, &c. drawn back from the batteries to the
park, and every thing prepartd for marching: the [hgo:lﬂn;
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thould be examined, and their condition reported. The
commander in chief will direét whether the town is to be put
into a pofture of defence, or the works difmantled : in the
former cafe, the comwmanding officer of artillery will go |
round the place accompanied by the officer deftined to be left
in the command of the artillery, and order the neceffary
quantity of ftores to be completed from the park : if it is
to be difmantled and the warks demolifhed, he will leave the
proper quantity of powder, wood and tools, for undermining
and blowing up the works, and caufe ail the artillery and
the remainder of the flores to be tranfported to the places
afligned by the commander in chief.

CHADP IX.

Or IrrREGULAR SiEGEs AND BLoCKADEs.

SS.SIEGES are termed irregular, when any of the

rations requifite for befieging a place in form are dif-
penfed with. From this dehnition, it is evident that there
are different kinds of irregular fieges, which vary according
to circumftances. If in the vicinity of a place there be any
deep ditches, ravines, or rifing grounds, that may fave the
befieger the trouble of breaking ground at a diftance, and
carrying on regular approaches ; or whence he can diredtly
barter in breach the magiitral hne, and annoy the garrifon i
their points of defence; or under cover of which a Jlodgment
may be eifectad on or very near the glacis, without being too
much expofed @ if the garrifon be weak, or compofed of ill-
afiected or undifciplined troops ; the profiles of the werks
not according to the true principles ot fortification ; or any
weak point be dilcovered after the covered way is taken:
in any of thefe cafes, the befieger is juilitiable in precipitating
matters, and omitting, fome of the fteps taken in regular
fieges.

86. Thus a {maller proportion of artillery, or at leaft of
ftorcs, is requifite for irregular than for regular fieges: and
when before the invefliture, the beficger is in pofleflion of
the necetlury data (5, 6, 7) he may make out with the
greateit accuracy, a ftate of the flores, and concert meafures,
to bring the cxpedition to a fuccefsful conclufion in the

thorteft
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againit the enterprizes of the enemy; and then in the {ides
of the canal excavate one or two chambers large enough 1o
make a breach in the wall. In every cafe, the miner fhouid
be fecured againtt the attacks of the garrifon, by polting fome
grenadiers at proper places, and if neceffary, by raifing an
epaulment acrofs the ditch to the foot of the wall; which
may be eafily effeted under cover of a fire of mufquetry,
by the means of wool-packs or mattraffes.

go. When the gates of a town through the negligence of
ignorance of the garrifon are infufficiently guarded, or badly
conftruéted, they are fometimes forced open by petards;
it is the bufinefs of the artillery-men to fix them: they are
fupported by the detachment of infantry intended to rufh
into the town the moment the gates arc burft open.

The party deftined for this fervice approach fecretly
during the night, and fcrew an iron hook into the gate,
on which they hang the petard with its bottom flat againft
the gate, and propped behind by a firong iron fork: the
fufe is then fet fire to, and as foon as the petard takes effed,
the column of infantry rufthes in, As the opening made
by the explofion of the petard may not be large enough to
admit the men, fome carpenters thould be in readinefs with
their axes to cut away ary obftruction.

gt. Blockades ave fo termed when the befieger havingy
invefted a place, and carried on regular approaches, {ufpends
his operations either through choice or neceflity 5 confining
him(elf to keeping up a fire from his artiliery.  This me-
thod of attack is practifed in the following cafes :

1. Whena town is unprovided with cafcmates and
magazines : whence the befieger may have reafon to
hope that by keeping up a continual fire, the inhabitans
may be fo harrafled as to rife againft the garrifon; ot
at lealt, thata part of the aimnmunition and provifions
may be deflroyed.

2. Whena town full of inhabitants, ftronzly fortified,
and well provided with trcops, artillery, and ammu-
nition, is deftitute of fufficient fupplics of provifions
to fuftain a fiege : from which circumtance, the gover-
nor may in a fhort time be induced to furrender, pro-
vided that by the inveftiture his conduct is apparently
juftified.

3. When from moraffes, inundations, rocks, ravines,
er precipices, it is found impracticable to carry on the

approaches

i-- - ».|
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+  approaches in any manner likely to bring the fiege to
a [peedy termination.

4. When from bad roads, or other circumfiances,
the artillery is infufficient to profecute the fiege with
vigour,

92. In the firit and fecond cafe, the engincers make
trenches of communication from ditferent parts of the line of
circumvallation, at the diitance of 7cz or 1069 yards frcm the
body of the plact, znd batteries mounted with heavy cannorn are
erccted by the artillery-men : each battery is inciofed in a re-
doubt of refpeRable prefile, and [pacicus enough to contain a
gnard fufficient to fecure it againtt any aitempts of the garrifon.
Guards are lixewife poited in the Lollcws or ravines in the
vicinity of the battery; and when the ground is level,
detachments are placed in the intermediate parallels, be-
tween the communications, to fuftain the redoubts, and
give time to the troops at the camp to come to their affift-
ance in cafe of a gencral fally: but if the batteries be
covered by a river, canal, morafs, precipice, or defiie, a
ftron; guard in each redoubt will be fufficien: for their fecurity.

93- In the third cafe, (g1), the b:fieger muit exert him-
felt to turn every acceflible point, whence the town can be
annoyed either with thot or fhclis, to the greateft advantage,
by planting on them a proper quantity or artillery of large
calibre.

The proportion of ordnance for this kind of fiege is
rreater than for regular fieges, particulariy when the block-
uded town is very large; unlefs in rerular fieges, a fire is
directed from every fide on the mait popuious quarters of
the town, in order to excite coniiernziiun and terror among
the inhabitants.

04. In the fourth cafe, the lines or tranches judged ne-
ceffary on the occaficn, ought to ke contirulicd with a view
to their being ufeful, when an ad:z;uate Guantity of artiliery
arrives, to convest the blockade ity a rezular ficge; the
-vivacity of which muft depend on the kn ...iedze the befisger
has acquired concerning the ftrength . the zarrifon, the
ftate of the fortifications, and the naiure of the adjacent
country. *

An army fometimes fits down before a place of great im-
portance, in hopes of inducinz the enemy to czbundon an
advantageous poft in order to relicie the place, and per-
baps hazard a general engagement. The mod vi__'omu;

' atrac
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attack fhould be made in this cafe ; which will induce the

enemy to march with greater expedition to raife the fiege,

9 y Whatever be the motivepefir undertaking thi:g:iud
of fiege, the batteries ought to be amply furnithed with
cannon and mortars ; they fhould be fired at different eleva-
tions from 8°to 12° that the fhot and (hells may be thrown
into every quarter of the town : and if there be a probability
of fetting fire to any of the principal edifices or magazines,
hot-fhot thould be inceffantly fired.

From a review of every circumftance attending the com-
mencement and progrefs of fieges, it will appear that from
the opening of the trenches untl the furrender of the place,
the nature of the fiege may, from the variety of incidents
to which military operations are peculiarly ﬁxbk, be fre.
quently changed,

CHAP. X.

DIRECTIONS FOR DEMOLISHING THE FORTIFICATIONS
ofF A Ciry,

g(:.IT is generally deemed fufficient to demolifh the
revetements of the works, and blow up thie magazines,
cafemates, &c.; the deftru&ion feldom extends to the terre-
plein, from the great expence and labour it would coft.

The chambers of mines for demolithing a building, the
wall of which is not more than 7 feet thick, are of a cubical
form, with one of the fides correfponding to the fide of the
wall ; but if the thicknefs of the wall exceed 7 feet, cham-
bers are made in a bemifpberical form, in the centre of the
wall.

97. The following are the general principles to be ob-
ferved in the difpofition of mines :

1. The chambers fthould be made at the foundation,
that the upper part of the building may be raifed and
thaken to picces ;

2. And, if poffible, fome feet below the furface of
the ground on which the wall ftands; as from the
great refiftance the explofion is more violent, and the
effet greater : mines placed near the furface of the

: ground

|
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ground fometimes a& but upon one fide, and caufe

a breach in the wall infufficient to deftroy the building,.

3- If the folidity and ftrength of a building depend
on its cousterforts, chambers thould be made in them,
though they be above the furface of the ground.

4. | he largeft chiambers {hould be placed under the
firongeft parts, where the mafonry has moft [olidity and
coheficn ; as at the point of interfection of crofs vaults,
and large buttrefles or pilatters fupporting roofs and
arches.

5. In walls that are without any break, the cham-
bers thould be 12 or 15 times, the fide of the cube or
the diameter of the hemifphere, according to its figure,
diftant from each other.

98. The fize of the chamber depends on the quality of
- the powder, the thicknefs of the wall, and the cohefion of
the materials of which it is built; which differs in different
climates according to the quality of the iime, and the time
it has flood. The cohefion of walls raifed above the earth,
and cemented by the beit lime and fand of Piedmont and
Lombardy, is generally eitimated at 164c0lbs. for every 20
fquare inches; while that of fubterranesn walls cemented
with materials of certain quali‘ies, as the lime of Superga or
Cajal in u/Iantferrat and the fand of Frcbia, is more than
double. The cohcfion of walls conftrué¢ted on the coaft of
Provence and Genoa, exceeds g41000lbs. and that of buildings
adjoining to the fea, and cemented with Pozzolana, is fre-
quently triple,

‘I'he officer of miners, therefore, charged with the demo-
lition of any place, (houid previontly afcertain by experiment,
the tenacity of the wall.  The fide of the cubical chambers
fhould be a third part of the thicknefs of the wall, fuppofing
its tenacity to be 164c0 lbs. and the powder very itrong.
The fame rule will ferve for the diameter of the hemifphe-
rical chamber ; its depth fhould be about % of its diame-
ter : its contents will then be about haif as much as the cubi-
cal chamber. By the table (77), the quantity, of powder
for a cubical chamber of a given fide may be eatily deter-
muned.

99. To give an idea of the difpofition of mines, the
figure reprefents the plan of an infulated building, the roof
of which is bomb-proof; (Fig. 4, Pl. 4) the principal
chambers are made under the points A, H, I, K, L, M, N,

T O, P, where
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O, P, where the walls interfe&, and under the pilafters %
which fupport the fronts A B, CD, and on which the roo:
refts (97, No. 4). The chambers in the wall ¥ ¥ which
is without any break, are diftant from each other, and from:
the principal mines, 12 or 15 times the lenght of the fidé
or diameter (97, No. 5); and if in the faces A,B, CD,
the chambers A, H, I, be too far diftant to have proper
effedt, two intermediate ones S, S may be made. The wall.
G G in which are the chimnies and doors of communi-
cation, need not be undermined ; but the fize of the princi-
pal chambers K, L, M, fhould be increafed by about §. The
- mines thus difpofed may be divided into two clafles ; viz.
thofe made in fingle walls, as Q_R, S, and thofe made in
crofs walls, as A H, &c. -

100. In this profile P P reprefents the plane of the ground
+ furrounding a building : (Pl. 4, Fig. 5) the walls are fingle, -
and the chambers are to be of a cubical form: to make
the excavation in the foundation D A E, below the
PP (97, No. 1, 2), Jet a long trench be dug t § of the
thicknefs of the' wall DE in depth as DB, and 3} feet
in width as CD. Let the chamber G of a cubical form,
be made § of BD diftant from the bottom BF, and a
wooden box of proper dimenfions for containing the quan-
tity of powder afcertained by preceding experiments (g8)
placed in it ; and if there be any reafon to apprehend that
the powder may be damaged by the moilture of the wall,
let the box be lined with oil-cloth. At the mouth of the
chamber make a ledge H, 3 inches broad, and of a depth
proportioned to the fize of the planks that are to clofe the
opening. Any projetions or cavities in the wall where
the trench is dug, fhould be finoothed or filled up with
well worked plaitter.  The planks for blocking up the
chamber thould be 2 inches, and the beams § or 6 inches
thick, and a quantity of clay and rotten dung, (which is
excellent for preventing the efcape of the inflamed fluid)
prepared. The box being filled with powder, and a fau-
ciffon laid in a pitched wooden trough, communicating
with it, the opening is exactly clofed ; planks called mant-
lets as CF K L, BD I M, are placed vertically along
the faces of the trench, and the beams N are driven in
horizontally at right angles to the mantlets, and all the
interfices filled with clay and dung well rammed.

10t. Te
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101. 'To make mines of a cubical form in a crofs wall
AB; lee C,D,E,F reprefent a fquare pit hollowed in the
adjoining ground ; (Pl 4, Fig. 6) the fide of which is 4}
feet, and the depth 1 £ of the thicknefs of the ftrongeft wall.
At about } from the bottom, hollow out in the wall
B abranch FN G H 3 feet high, 2 2 feet wide, and } of
the thicknefs of the wall B in length ; then in K B the cen-
tre line of the wall B make the chamber K of a proper fize :
let 2 box be firted to it, and at the mouth of it make a ledge
F H. Let the box be filled with powder, the fauciffon ap-
plied, and the opening | clofed and blocked up with beams
laid horizontally to L G : let the opening F N be clofed in
the fame manner as I; and difpofing the mantlets around
the fides of the pit, drive in horizontal layers of beams crofl-
ing each other alternately at right angles, till they reach the
furface of the ground, always filling the interftices with dung
and clay, and taking care to bring out the fauciffon. It .
thould be remarked here, that though in this cafe, where it
is intended to blow up a greater extent of wall, the fame
charge is ufed as in the preceding paragraph; yet greater
refiftance being oppofed to the explofion of the powder, the
effe@s will be proportionably greater.

102. If the wall be more than 7 feet thick, (Pl 4,
Fig. 7) the chambers (hould be hollowed in a hemilpherical
form, in the following manner: A A is the profile of a fingle
wall ; dig a fquare pit B D CF the fide of which is 4 £ feet;
then make the branch B L G E 3§ feet high, and of fuch
a length and breadth, that the chamber K hollowed out in
the centre of the wall, may contain half the quantity of pow-
der that a cubical chamber, the fide of which is equal to
the diameter of the hemifphere would contain : at the mouth
of the chamber make the ledge H H, and finooth the roof
and bottom of the branch with well worked plaifter. Hav-
ing charged the mine, applied the fauciffon, clofed the open-
ing H, and laid two layers of mantlets horizontally, the one
B QUL O on the bottom, and the other GENM on the
roof of the branch, drive between them ftrong beams R ; then
clofe the entrance B E, and placing other mantlets againft
the wall and the oppofite fide C F, lay rows of beams hori-
zontally between them, filling all interftices with clay and
dung, and carefully bringing out the faucifion,

103. The figure rcprefents the plan of two walls which
interfc& cach other, and exceed 7 feet in thicknefs : (Pl 4

T2 Fig,
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Fig. 8) to determine the exaét pofition of the chamber,
draw the right line B B dividing into two equal parts the
wall B, and another right line A A parallel to CC, and
diftant from 1t 3 of the thickeft wall A; then the point
of interfection K will be the centre of the chamber, which
fhould be } larger than that made under a fingle wall.
Make a fquare pit C D E F, the fide of whichis 4 % feet;
and in the wall A make the branch G H L M L), with an
elbow or angle, and of fuch a length that the chamber
may be hollowed in K : let it be loaded and blocked up as
before (102); at M N clofe the opening with a frame, and
lay horizontal layers of beams unto the opening D G, which
thould be well clofed, and placing mantlets againft the fides
C D, EF, drive in horizontal luyers of beams till the pit
is filled, ramming dung and clay in all the interftices.

104. To undermine revetements ; make pits in the ditch
clofe to the revetement 6 or 7 feet decp : then piercing the
wall, carry on in the terreplein two branches, the one to the
right and the other to the left, at the extremities of each,
and at the points where the revetement is fupported by the
counterforts, hollow the chambers (101), either cubical
or hemifpherical (103) according to the thicknefs of the
wall, fo that the two chambers on each fide of the opening
may correfpond.  In the proper difpofition of counterforts
to fupport revetements, the {trongeft points are at the flanked
angles ; viz. thofe of the fhoulder and flank ; the principal
chambers fhould thercfore be made in thefe angles, the
others may be diftributed along the walls that form the an-
gles. 1t the revetement be built on a rock, and of no great
thicknefs; the number of chambers fhould be increafed ar.d
brouzht nearer together, that the whole revetement may be
thrown down at once.

As the manner of chargin ® mines in revetements is the fame
as that belore defaribed, we will difinifs this {ubject for the
prefent; only remarkire thetin blowing up flone or brick
bridpes, the chamber fhould be made in the foundation of
the piers, or in the thonlders of the arches. It frequently
happening on fervice, that a tower or other flight building
i> to be inftantly dumolithed @ it may be effected by placing
in the ground ftory fome open barrels of powder clofe to
each other, blocking up the doors and windows with firong
plinks, and covering the floor above with a thick leyer of
cuith 3 then fetting fire to the fauciflon that conan.iiicates

with



IN TIME OF WAR. 293

with the powder, the great refiftance oppofed by the earth
upon the upper floor, prevents the powder from a&ing up-
wards, and dire&ts its force againft the walls of the tower,
which being of no great folidity, eafily yield and fall down.

SECOND PART.

OF THE SERVICE OF ARTILLERY IN THE DEFENCE
ofF PLacEs.

105, TH E fcience of defence conflitutes one of the
mott effential branches of the military art, fince a few troops
are thereby frequently enabled to make head againft a very
fuperior army, to the prefervation of a whole country: and
as in the profecution of this fyltem, the inferior army is
often compelled to fuftain a (iege, the defence of places forms
one of the moft importais parts of this feience. Now the
defentive fylten may either be the refult of a premeditated
plan; or a nation may be unexpeétedly forced into it by
the fudden invafion of a foreign enemy, or by a train of un-
fortunate events, that oblize an army which began the war
with the faireft hopes of conqueft, to change its fyltem and
al on the defenfive.

106. When a defenfive war is forefeen, fome of the fe-
nior officers of artilery are fent to infpeét the quality and
pumber of arms and ftores of all forts in the different gar-
rifons ; examine the condition of the magazines, works,
and countermines; and take notes of every thing that may
be wanting in cafe of a fiege.

After the infpection, each officer makes a report in wri-
ting of the number and nature cf artillery and carriages,
with his propofed arrangement of them ; and allo of the
proportion of tools, machines, arms, and ammunition,
which in his opinion may be adequate in proportion to the
firength of the garrifon, for making a vigorous defence ;

' T 3 he



he works during the attack.
or then calls a council confi
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of the difpofition and condition of every article under his
charge, and immediately examine thofe that are of the moft
importante : and in his report to the governor, fhould par-
ticularize what may be wanted in addition to the quanti
at prefent in ftore, or to replace any that may be damaged.
But if from the approach of the enemy, there be little pro-
bability of having fufficient time to draw the fupplies from
the aifenals or neighbouring garrifons, every thing in pof-
feffion of the inhabitants that may be ufeful during the fiege,
fhould be taken after a juft valuation, and proper receipts
given by the ftore keeper to each proprictor. In forts where
no fuch refources can be had, parties fhould be fent into
the neighbouring towns and villages to feize and condu&
to the garrifon every thing they can find that may be of
fervice during the fiege. It is the maxim of every good
gevernment, to complete the ftores of all frontier towns on
the lcait apprehenfion of a war.

CHAP.
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CHAP L

OrF trE DI1tPosiTIONS FGR THE REGULAR DEFENCE
OF A PLACE PREViIOUS TO IT3 INVESTITURE.

1c8. TH E firlt difpolition tiat an officer of artillery
fhould maksz for the rezular defence of a place, is to form
a ftate of ti:e number and rature of guns, carriages, and
flores. To do this with ju.inzis and precifion, he thould
recur to the ruies laid down ia the former part of this trea-
tife, and be not only acquaintzd with the fervice of artillery
in all its branches, but capable alfo cf judgzing in the fulleft
extent of ail eperations, in which the other troops of the
garrifon can bear a part; fo that every thing may be ade-
quate to its particuiar purpoi=, without deficiziicy on the one
hand, or fuperfiuity on the ciher, fius two extremes
equally preiudicial will he aveided; the cniz of making a
provifion of itores iniuif.cient for the derence the place is ca-
pable of 5 the other of providing fuch quantities, that on
the furrcnider of the place, a complete arfenal may fall into
the enemy’s hands.

1cqg. The fundimersal maxim in the defence of places,
15 1o retard as mnch as ;oJisie the progrefs of the befieger,
and in prodortisn as be advances to multiply bis dangers and
difficultics.

To this end, the antiliery-officer fhould examine on the
fpot, the nawrai chilacles that the befieger may have to
furmount in the attack of the 'works, and countermines ;
and after maturely weizshing the weak and flrong points,
fhould confider how far the advantages of cach front may
be improved, and tiie defelts remedied. Any flrong pofi-
tion in the vicinity of tiie piace, fhould, if poffible, be ren-
dered ulelefs to the befieger; and every vulnerable part
firengthened by additional works. If the firlt pofition that
the enemy muft from the nature of the ground take up, be
very confined, the proportion of artillery and ftores may he
made out with the greateft accuracy, and there will be good
reafon to reckon on a fuccefsful defence; as the encmy will
of courfe be extremely circumfcribed in all his operationns,
But when he is free to choofe his pofition, the arullery

T 4 officer
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officer thould be informed whether the antillety the

can bring up be only adequate to a regular fiege, or fufficis

ently numerous to enable him in a few days to beat dows.
all the defences on the front of the attack, and keep up ;
fuéh a ¢otitinudl fire as to prevent the garrifon-from repairing ~

the damages. -

+ 110." The prefent treatife fuppofcs a fortrefs befieged in
form ; whether from the pofition that the befieger is obliged
to take up, or from the infufficiency of his artillery to take
advantage of onc more extended. Thofe violents attacks,
where the defences are in a few days defiroyed by d
&irft batteries, and the garrifon prevented from repairing
them, feldom occur but in finall places : fuch examples are
"2, wery rare in places of firength and importance; particularly

. ‘when the -enemy is obliged to bring his attillery by land,
from the prodigious number of carriages and horfes required
. for the tranfport. But if from circumitances there be reafon
to apprehend a fiege of ‘this nature, the fiate of the maga-
wines and barracks fhould be examined, and any that are
. expofed to be cannonaded covered with fubftantial epaul+
nicnes, - When the profiles of the works are fo advantageous
“that the befieg:r muft effe&t a lodgement on the glacis be-
fore he can make a pra@icable breach ; the moft effeGual
mode of retarding lis progre!s is by countermining with the
urmolt diligence. But when the barracks and magazines
are fecured ; a breach in the body of the place impracticable
from its beina cutout of a 1uck ; or, when made, is rendered
inaccellible by fome natural or factitious obitacie ; every ar-
tempt on the part of the enemy will be futile, provided the
garriton condut themfelves properly in this cafe, where
perleverance and firmnefs, rather than courage and exertion
a-¢ requifire.
rr1. The firit flep towards forming the eftimate of ftores
for fuftaining a regular ficge in a fortitied town, is to con-

{.der what front 1s moft attackable, and what are the beft
mceafures to be adopted for its defence. But as the befieger
may through ncapacity er irnorance commence his attack
on the firongeft fide, the proportion of ftores fhould be large
enouch to tuke advantage of this error; and to avoid ex-
tremes (108), the defence of the two fronts thould be car~
ried to the fame point, either by raifing new works, counter-
mining, or difpofing to greater advantage and ftrengthening
the oid works. But if the fhortnefs of time doth not admit

of
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of this, two eftimates fhould be made out; one for the
defence of the firongeflt tront; the other, of the weakeft
that the Sovereign may determine which of the two he thinks
proper to adopt,

"~ 112, 32 and 16 prs. are mounted in the body of the
place ; 12 and 8 prs. in the outworks that are large enough
to coatain them: when the adjacent country is tavourable
for making lallies, or conftrucring lines of counter-approach,
fome hght 4 poundirs are included in the inventory. It was
the cuftom in the jatt century to place fume pieces of large
calibre, refemnbling tivne-guns or long howitzers, on the
flanks, from winuci, when the affault was given, they fired
cafe or grape-fhot on the afluilunts: but thefe pieces are
now dituted, fince the beficger covers himfelf with epaul-
ments in the ditch znd at the breach : inftead of them, we
fire round [hot from heavy guns, to deitroy, or at leaft retard
the conitruciion of, the epaulments.

113. In fortified towns confiruéted on mountains or emi-
nences, the embrazures are generally made of brick or flone,
and the curtain furnithed with guns, when it bears on any
polition favourable to the befiezer ; the number of guns mult
in this cafe be regulated by the number of embrzazures. But
when the parapet is formed of earth, the following is the
diftribution of guns on each front: 10 or 13 toifes are
left on the faces of the baitions, and 6 from the angle of the
fhoulder to the fiunked angle for the barbctte batteries ; the
remander is divided fo, that there be never lefs than 20 feet
between cvery two embrazures, to give room for the infan-
try, whole fire, when tiie enemy comes within muiyust thot,
is the moft effeltual method of retarding his progrefs ; and
with lefs diftance between the embrazures, the merlons would
be foon deitroyed by the enemy’s artillery: the fame rule
fhould be obferved in vpening embrazutes 1n the outworks.

A few guns fhould be added to the above ditribution, for
the barbette batterics on the other fronts, and for the flanks
correfponding to the attack.

114. To deterinine the number of guns for the four faces
of the ravelins correlponding to the attack, 10 or 13 toifes
are allowed for the barbette batteries in the collateral rave-
lins, and the remainder divided into equal parts with inter-
vais of 20 feet for the embrazures; but in the ravelin on
the front of the attack, a greater {pace is left from he faliant

angle
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ceconomical ufe to which mortars can be applied in the de-

fence of places, is to projelt Rones and ‘royal fhells upon |

‘approaches and lodgments of the befieger. There is fo

much uncertainty in the range of fthells fired from large
mortars againft the firlt batteries of the befieger, notwith-
ftanding all poffible attention in the bombardiers, that they
are only employed at great diftances to projec fhells filled
with combuftibles, for difcovering the progrefs of the be-
fieger during the night, when the diftance is too great for
light balls; but when the befieger approaches within the
reach of light balls from the flone-mortars, the large mor-
tars are then referved for enfilading the batteries and lodge-
ments on the creft of the glacis, and deftroying the fhafts
and flopes which the befiezer has funk on the glacis and co-
vered way for the attack of the countermines. Hence, an
officer aware of the manner in which the befieger can dire&®
his attacks will neceffarily conceive that two mortars of each
nature fhould be employed againft each approach, and againft
each of the batteries in breach expofed to ke enfiladed. ‘

117. The

I i Ny L S
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117. The fire of the infantry is, as has been already ob-
ferved, one of the moft effetual methods of retarding the
progrefs of the befieger. But in keeping up a continual fire
during the night, the mufquets being thin foon become un-
ferviceable; wall-pieces being better reinforced are more fer-
viceable and lefs apt to burlt. The greater part of thefe
arms are mounted with locks, of which the cocks are of a
ferpentineform according to the cuftom of the laft century; but
the troops being unaccuftomed to make ufe of them, it would
be much better if they were furnithed with common locks,
with the ufe of which the infantry are perfe@ly acquainted.
The proportion of wall-pieces fhould exceed by a half, the
number of infantry deftined for the daily defencc of the
covered way, fora ficze of 3> days; for one of longer du-
ration, the number fhould be increafed.

There fhou'd alfo be a referve of mufquets with bayonets,
to fupply the place of any that may be damaged : for a fiege
of 30 or 4o0days, the number in referve fhould exceed by
a third the number of infantry in garrifon. Some large wall-
pieces are alfo provided for firing at a diftance againft recon-
noitering parties of the beficger.

118. There is no abfolute rule laid down by military au-
thors, for determining thz number of men for the defence of
a place befieged in form. The moft general and unexcep-
tionable one is, to reckon 3 men for cvery 10 feet in the co-
vered way, on the front of the attack, including the two
collatera] places of arms; when the town is fortified in the
common method with no outworks but raveiins. If the
body of the place be conftrufted on a fyflem of demo-
lition ; the fire from the flanks command the points where
the enemy muft ered his counter-batteries; or there be
counter-guards before the baftions, the reft of the works
being in the common method ; ¢then 4 men are allowed for
every 10 feet. With counter-guards before the ravelins ;
or when with ravelins only, there is one ftage of coun-
termines, the number is eftimated at g: with two ftages of
countermines ; or the body of the place conftruted upon a
fyftem of demolition and covered by other outworks befides
ravelins, at 6.

If to the number of men refulting from this eftimate, be
added the neceflary guards for the parts not on the front of
the attack, the gaies, ditches, magazines, &c. and the whole

be
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be tripled ; the refult will give the proper ftrength of the
garrifon for a regular fiege.

In mountaiinous (ituations, where there is no covered-wav,
two men are allowed for every 10 feet along the magiftral
line of the front attacked, including the outworks ; to this
add the neceffary guards, and the fum tripled will give the
number of the garrifon.

11g. For example; fuppofe a regular pentagon, of which
the line of defence is 134 toifes ; this gives §b toifes for the
faces of the baftion, and 24 toifes for the flanks ; let the
profiles of the ravelins, which are fuppofed to be the otly
outworks, adinit cannon. The following will be the difpa-
fition of artillery.

No. of Guns.
Brafi. Iren.

On the two faces of the baftion on the front
attacked g
On the two faces of the collaterzl ravelins ........ 12
On the two faces of the ravelin between the
DAtONS  cecireerirerconcssrerntinrenrrecesiesssanaesnareres §
Qn the barbette batieiies and flanks — ......... .. — 18

12 -_—

Total 44 18

"I"his number, defigned for the €rl part of the direlt de-
fence, will be more than adequate for the fecond part; two
or three light 4 prs. may be added for fullics or counter-
approaches, when this mode of defence is practicable.

If the place be hexagonal with a line of defence of 134
taifes, and the flanks a lirtle longer, two pieces of brafs and
two of iron {hould ke added to the above propurtion.

suppofing the befierer can carry on his approaches upon
thic capitals of th: battions and ravclin, and creét batteries
in breach on the creft of the glacis ; the number of mortars
will be at leatt

6 Stonc-mortars

6 Royal divo
10 inch ditto
13 inch ditto

FEN

Total 2o
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The mortars always being placed under cover of the ram-
parts cannot be affected by diret firing: the interruption
from curvelinear prejedlions may be reckoned at about 3 of
the whole number of difcharges that could be made from
them in 24 hours; as this i1s gencrally computed at 60
from each mortar, it is thus reduced to 50. They may
begin to fire with effet when the enemy is advanced within
134 toifes of the covered way. From memorandums of
the quantity of ammunition daily expended by the infantry,
in fome of the mott confiderable fieges, it appears that each
foldier on duty on the front of the attack, fires from 35 to
40 rounds a day: now fuppofing the fame number of men
always to mount guard, from the day that the trenches are
opened till the place furrenders ; the full expenditure may
be computed at so rounds a day for each man on duty, in-
cluding the ailowance for forties. T'he barbette guns, and
wall-pieces fhould be provided with 200 or 250 rounds at
moft.

122. In calculating the duration of a fiege, the natural
advantages of the piace for retarding the progrefs of the
beﬁeger, and the obftacles he muft furmount before he can
lodge himfelf in the different works, muft be confidered.

Suppofe the place be fuch as reprefented in paragraph r1g;
that a pratticable breach is effetted in the baftion ; and that
the garrifon is not in a condition to futtain a general affault;
the duration of the fiezz it the befieger has been adtive and
enterprizing wiil have been about 40 days, viz.

Duys.
From the opeiiing of the trenches till the lodgment } 7
is compleared on rthe creit of the glacis ...
For conflructing and completing the batteries in }
breach . -
For making a breach 1, and nemng poﬂdﬁon ot the
ravelin
For making a lodgment in llh. brLaJl in tlu_ bafhon 4
Total 30

—

When tliere are more cutworks; or the battions are con.
firacted on a fylem of demolition, fo that the beficger is
obliged to bring up guns through the breach to baiter the
interior works, the defence may be prolonged for ro or 12

days;
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days ; andeven for 25, if there be {mall mines in the ditch, to
blow away the earth and flones, beat down in making the
breach in the baftion.

With counter-guards before the baftion, the furrender of the
place may be retarded 12 or 15 days: with one ftage of coun-
termines preperly difpofed under the glacis, the defence may
be prolonzed 22 or 25 days; and with two ftages of counter-
mines, 40 or 50 days: thus with counter-guards before the
baftions, and mines under the glacis, ditch and baftions, {up-
pofing the latier to be conftru&ed on a good fyftem of demo-
lition, the defence of 30 days may be prolonged to 8o or g3,
provided the proportion of (tores be fufficient.

123. T'i:e number of rounds from each fpecies of fire-arms
having been thus regulated, it will be eafy to apportion the
quantity of fhot, fhells, grenades, lead and powder; allow-
ing for each charge the quantity mentioned in paragraph 22 :
the allotment of powder for the counterinines is to be com-
puted from a general confidcration of their number and
extent,

To this proportion thould be added 100 rounds of cafe-
fhot for every flanking gun; and a competent number of
hand grenades, and large fhells, for rolling from the top of
the breach upon the befieger, when he bas pufhed forward
his epaulment to the foot of it; this number may be eftimated
at 1coo grenades, and 100 fhells a day for each breach.

124. For a fiege of one month, thc number of fpare car~
riages and fide-arms amount to half the number of guns ;
for a ficge of fix weeks, this proportion fhould be doubled ;
befide fpare wheels and axle-trees. “I'he mortar beds, &c.
are in the faume ratio. In cafe of affault, a number of pointed
and cutting inflruments, as cfpontoons and fcythes, (hould
be provided: and fome petards, blunderbuffes and piftols
for the fervice of the countermines.

The neceffary articles for a complete laboratory, and
for making up every fpecies of combuftibles form a very eflen-
tial part of the ordnance ftores; the quantity of the latter
fhould be fufficient to light during the night the whole front
of the attack, and to fet on fire every part of the befiegers
works that can be burnt, The carpenter’s, blackfmith’s, and
armourer’s tools for repairing the damaged arms are likewife
included in the proportion of tores.

In the diftribution, a particular remark fhould be made of
the ftore houfes, in which the articles that are generally locked

up
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tp are to be depbtited; d'(hngunﬂnng thofe that may be

;dunmd fo‘g cmf > e, . fmu}thd’othatnn ‘be only-want.
in cafe of a fiege: likewiie the laboratory, arpcm,

blackfmith’s, and armourer’s fhops. . In very large towns

are generally: fixed in fome buildings at a diflance from

4

-2,
S

4

hich are expofed.gatvery fide, they muft indifpenfably be
Tecured in buomb-proofs. "The powder magazines are the
* moft impossaat gad' hazardous of all; they thould be d

and fecure. During the fiege the powdu ought to be dil~

tributed in feveral bomb-proof magazines at a diftance from
cach other; that in café of accident, the whole may not be
blowriip ar"once; and that the eiemy may not be able to
find out the quanmy in flore.  The nature alfo of the places
in which e &diea m:ampoﬁm thould be attended
to ﬁnce the powder, faltpetre, fulphur, cordage, iron, &c
MANMY Phacks ;  whereas the preale, oll,
pitch, cmdle’ and other articles fubjelt to melt or evape-
rate, thould be kept in very cool places. It being the duty
of the engineers during the tiege, 1o keep all the parts of the
works in' a proper ftate of defence, they are 10 make returog
of the quantity of fpare fafcines, gabions, pickets and pals
lifadoes, that may be neceffary for that purpole: “Thers &
no danger of providing too great a number of thefe articles;
for any that are not ufed in the repair of the works, may be
collected together in the breach, and fet on fire; which wul
ferve 1o prolong the defence of the place.
125. The follovsmg is a particular ftate of the quantn'y
and quality of the different fpecies of ordnance ftores requifite
for fuftaining a fiege of 30 days in a fortrefs N N, (119).

Proportion of Guns, Carriages, Ammunition and Stores.
Ordnance, Carriages, and Side-arms.

Nature. No,

Pr.
(32 12
Brafs guns ecveccnninineenninnsininne o wq16 18
L8 12
Tron Qitto nvaimrasisisssiies ST— R— 8 18
Brafs (hort ditto  .ccvecvsensimmesmssssmsssssssssesssniiens 4 4

Total of guns 6-;
Carriages

- Phe attack; but.in ciwadels, forts, caftles, and fmall places -
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Carriages of different natures for the above guns e g6

Setts of fide-arms for ditto 96
Mortars  ...vveecnmeesecsncrens Stone -— 6
13 Inch - 4
10 Inch — 4
Royal — 6

Total of mortars 20

Beds for the above mortars ....cccenvicisisvcscssecsssnensess 40
Setts of fide-arms for ditto  ..uveune pesniesisaasnssssnsamsanen e - 40

Spare Arms for Carriages and Side-arms.

Wheels with iron ftreaks for carriages of different calibres 36

Iron axle-trees for ditto .vvcruinrurivvcssneunesisicneneesnnn, 36
Cheeks forcarriages v 24
Spokes for wheels  oiiinicinvmenecnisene i s s 200
Staves for [PUNEES  evveieercimmsentins s st v essr e 100
Rammers for ditto  wnecvrneisctceenennsasssnn e ssancsanasenes 200
Sheeptkins for ditto  ..uvevne v s 100
Wad-hooks e et e s e 12
Plates of copper for Jadles oceveerrriicrevemersssivsisniens 60
Copper nails for ditto ..........cececvresursrsensnennes 1bSe 20
Iron nails for fide-arms  ..cvvccmenevvieniinen - ditto 40
JION Wire  arccienecsceinnnerrcrne st snsnnsaprensaens ditto 20

Shot, Shells, and Grenades,

Shot for gUNS  woeee covermrsn s s isersese e 3328Q
viz. 32 prs. At goo rounds agun ... 10800
— 16 — At b6oorounds ...cccccreenene 10800
— 8 — At 600 rounds for each brafs

gun and 200 ditto for cach } 10800

iron ditto .
— 4 ~— At 200rounds  aeecviieiiicins 800
Cafe-fhot for 32 and 16 Prs.  ceevceevesiisimssensaneans . 2000
Ditto for 4 prs, * cuureemmensenr s s e 400
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Shells,
i Nomier,
13 Inch thells at goo for each mortar  wwvees 3600
itto to roll from rhe breach  oiuiemisnisman 1200
10 Inch ditto ar goo for each mortar  wevevcereveeens 3600
Royal ditto at 1200 foreach MOMAr ovuwesvosessenies 7250
.;land grenades P e b P 12000
rones for the flonc-mortars at 1200
younds &ich }cm loads ~ 1520
13 Inch fufes . - 5300
10 Inch ditto it s hagh w4000
Royal ditto woovierinas 8coo
Hand grenade ditto - 14000
Bottoms of wood for flone mortars  .coovinvne 8000
Batkets for ditto 8oco
Machines and their Apparatus,
Haﬂdfpikﬂ L L R e T L T L LR L TR I R L TR R ST T CLCCRTTR LS 6“
Large ditto ... : 40
<ong levers with horfes  oocunivennrnnnnens oorts 10
EOUICHIITE ot RO sleos Replesitood san e ete ntas vove sesaivenssmm oalioass 400
SIRIIAE BEOENREE " scuiissiomiastusomninionsinsonmoinosiinsrssingie e 6
RIANAIRON v oo s suimprieniravipiissssimgomsts e 4
Capftans complete with ropes .........cc.cveverrenreanee 2
Pullics  .....ee.. T T ) 6
SKIAS  raevesssssssusesrsssfussesessasssnsesasnsssssssssssssen s 40
Sleighs  ........ 6
SHNZ - WATBONS. sareeraarsssssuonsussissusssssssissnmsuspsisasnnssses 3
Limbers ... e R S 12
Block-Waggons  .....ccevremmisersasessusiscsesessesesnsnasesanns 6
Common dittp . 30
Cordage.

Ropes for guns - 10
Spare ropes for gins 6
Ditto for windlafles and capflans  ..ccevecioccivsscase 2
Double flings  wercearenes o 10
cwt, gre. lbs,
Ropes of various fizes ... 18 —
Packthread. .scmsssissssnisessonanense e emm— I = =
= Nasmber,
Dmg IOPCS osee 3 ] e so
Armoury
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Amoury
Long wall-pieces  w.ooonrercerercennnns
Wall. pieces ...... oreseseietassisarsner sanrasasanensesesant -—rerse
Mufquets
Piftols - eersnsesaesssnesespaensressass st
Spare rammers for mufquets ...............................
Efpontoons  ...uceeecnsierensrsisses s sseonse
Bcythes with handles ...........................................
Cuirafles with cafques  wcoceerererermeserisemseesicnisnnne "
Ammunition
FHOS v ceencicsmminecssensesssnssssnssmssnnnns S
Bullets for wall-pieces ...~ R
cwl,
T.ead for mufquet balls at 20000 rounds a}
day, including fortics  ...conrniersneninnnnnens 274
L) ¢ FO O R 109
Powder .ocicicmnerinciscmirecanns - whole barrels
cwlt.
viz. For 10800 rounds from 32 prs. at
10} Ib. " each "“"""u.nﬁunf ......... 988
For 10800 rounds from 16 prs. at 5y Ib. }
each .cveneans f ........................... 494
For 10800 rounds from 8 prs. at 3 lb.
4d0z.each v 3 ...... } 316
For 800 rounds from 4 prs. at 1lb,
100Z. 4AF.  coerresiesenmt s sseneeas o
For 3600 ditto from 13 inch mortars
at 121b. 43 0Z. e 395
For 1200 ditto to roll upon the breach }
at 8lb. 3§02, i 69
For 3600 ditto from 10 inch mortars
at61b. 8oz. 14dr. e, 210
For 7200 ditto from royal ditto at 3 Ib.
| . 210
For 7200 ditto from ftone ditto at 4lb. 6
102, QAL et eeneitenas 203

* For 12000 hand gn:n{;les atjoz. 4dr. 22
, . 2

3°7

Number:

12
6oo
6oo
20
6oo
400
400
50

40000,
3000

gre.

/T

Numbeyy
3600

gre.

lbs,

For
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Large cloths

CTCET U 11 (e D MR AN LU S o il 1co

23

o rs. lbs,
Greafe  oveeeiirereeneeseesresonsernsseecssesasnassnesesns ?6 !

Flannel for cartridges  coveererveesesssrennen. yards 300

Iron-work and Nails.

cwte  grs. M,

36

mortar beds

Iron-work of forts for gun carriages andi
Iron-plate for carriages, round, fquare :md}

D R P PP Y PR T T T T PR PR T TP PaTy

N &7 = =
Nails for wheels ..ccnircrvecee Q — =
Ditto for platforms xg _—
Ditto 40to the Ib.  coovvrccncensccsnrvssrrssiiess 3 =

~Iron wire ... 3 — —
SKCCI 0009 000000001000000g0008 00508700 1000000005000800080000008 50 ws 9 (— -!-

rs

rticles

\



IN TIME OF WAR. 309

Articles for the Laboratory for making up Compofitions of
. various kinds,

Powder; pulverized faltpeire; flowered-fulphur; powdered
charcoal ; crude antimony ; rofin; tar; pitch; turpentine;
fpirits ; fpirits of wine re&ified; oil of olives and lintfeed ;
vinegars yellow wax ; fuet; greafe; afa-feetida; glue; thread;
fine and coarfe tow; linen and cotton cloth and barras;
fewing thread ; old linen and match; faggots; iron wire;
thin cord; fmall iron chambers and piftols for the carcafes.
"The quantity of thefe articles depends on the number and
kind of fire-works, and the nature of the compofitions, which
may be eafily known from the laboratory books.

Articles fer the Laboratory for making up Fire-works.

Number®

Cheft of drawers  ..covvces cevecrimmmeesiinsesiercses ssesese sesssone X
Steel-yard et s easennses K
Balance with [cales  “rivive i see e casseresees X
TADIES oot e vt sresb s e s vemreres 3
Ditto for mealing powder and mixing compofitions 2
Large copper cauldrons .....eeueecrrcsessessosersessmsasesens 3
Medium and finall ditto — s
Iron trivets for ditto 6
Large peftle and mortar of bronze  .oocecincvniverenns . I
Common hammers .ooueniiceceereecenrseries svrecnssoneesiss 3
Pincers .ooveie it e pairs 3
Large and fmall 3Xes  covvricrcviinercserrenssrarses sesnvesacses "3
Rafps for wood ... deseeeispseenanranes teresaatesarssennesase 10
Files v s g e e 10
Drawing knives  ..ceivies cinenssesencsennesseseimacionanee 10
Common dittd  ..ccerrvve v recranenreen rornn onesenssaens 6
Large and fmall fciffars  evvervenrieciccieniennreen pairs 6
Iron punches ..o civimincnnnssse o veensansaeserene 10
Straight and crooked awls  .eccocimienneinnessisineniine 10
Packing needles ..o e 12
Sewing dittd  .ecreevvinnieniinene S RS- . 100
Common and fiNe faWs  ..ccvveerenvesieremensstonsssssenmassesens 8
Augres and gimblets  ovviviiinnninnn B . 30
Common fieves  ..ecccvvvsnsmcrssccsninnes et eresiea sneeneras - 6
Fine filk difto  wpeiveerverieeresecemmnanssssssonsessssnctensssenpsese 3
U3 Small



by N

(vlue brufhes
Rovyal and common Paper i osimsrieeees vone  F€AMS 10
Pafteboard ... S ... ditto 2
Flints, feels, tinder-box and matches

saee veeet anvead

cwe, grs. lbs.
Tacks and large nails RN |

Wax candles

. ‘osee esssssse 3 e e

Intrenching Tools.

Number.
Pick -axes P T 3006

MatOCKS  cooreeercveaenn ssinteanasconrsnsssisiasmrscusronssssassomerss 4 500
Shovels ........

Large and fmall axes  .evvrievnnen. 200
Hand bilis ... 500

Tools
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Tools for 12 Carpenters. .
Number.
Broad axes 12
SMaAlldII0  ceocnernnseosicnnnemaiassascsoomnsorasswasmmangomeveios 12
[ of TR 1T 7 1 T T —— 't
Common ditto of forts i 12
Trangular files for faws SAp— 24
Planes  ccoicccnicnnnicsinesnnn e ssonasessssesssssssssescotsnase 30
Mortaife clnﬂ'cls ................ 24
Hatchets  e..e.eee R — 12
Square and round gouges R 16
Chuflels Of iZes  .un..ceevecssessssscsmssesmusesssssassnsosmens onse 36
Large and fmall compaﬂ'es r——— 8
Largs gimblets e o 16
Small ditto ... e 8o
* Drawing knives s e SRR e 12
Sledge hammers Sowsemesgpiosiss  essesine 4
| (T S —— pairs 12
WhHABONEd ccccivciie:  sompwsmomy  sssees -

Hand-vices  .....c 3
TTON. CTOWS wisssusasosmssassns soss sisaposnnsnapuoransmabens o ssssssoush

“Working | benCHES  ervorrromeeme P ;

Tools for 6 Black{miths,

Large bellows with anvilsand ftocks  ........ B S——
Forge tongs  weenicicenesonnene pairs
Nail borers  ecicessccsssensencas P
Forge hammers . ce.cccmcccccemmpmsssssssesssn coseen -
Sledge Witto -
Files of fizes  cococoevrvecncennnens

Benches with beak irons, -one large one {mall

Small vices oo

Small anvils ... o
Iron prefs for bmdmg and ﬁmkmg wheels s

-
>~ ONOON

T Q- ¥

‘Tools for 12 Armourers,

Forge bellows
Anvils with ftocks
Small anvils

ox§
‘%O-F-b

Uy
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- . A‘“"'l
Forge hammers of fizes  coivsninsssmmsensvcsnrivermenne 24
Forge tongs - .e.cuueiirsmsmcsersssesmsaensusisssacsonanss PAIrs 16
Behches with iron and wooden beaks  ....cveiiennnne 12
Files of fiZ€8  ..e.covervecmteecverrnvssnirneessasisemainarnnneines 200
RalPS sttt s s st s s e 50
Planes ‘... trerersessersnetessosssastrares woreuns 23
Large and fmall gouges  cccirccsemcsmscsicnsscsssnsennnss 48
Inftruments for making ferews of fizes  wecemicrvennn © 16
Drills with BOWS  ceeveveiersenssesesssamisressnsisissensnyons 12
AMErES  covisbiiimsinsbisisnaiensanssssssnrsers sast arstrsmnsess soenes 12
GImDbIES  cerreerimsiternressbesscanessesestmersranssssesaneseonasaans 60
Drawing KDives  wuiiimriviornnsstssenstessssisnsssnsssasassesens 12

Hand ViCCS evesssnenssnccasssdsnaderadnandstdinvecrioracennrateisisassses 12
With a proper quantity of coals for the black-fmith and
armourers, '

If the place be countermined, there fhould be the fame
proportion of miner’s tools as in the former inventory;
taking care to increafe the number of them in proportion to
the number of miners, and to add the following articles,
Oaken planks for inantlets; beams of 5 inches by 7; plankg
for occafional works, and for boxes to contain the powder;
beams for making the frames of the occalional works ; pitched
wooden trouths 3 fauciffons inude of coarfe cloth large
oil-clorths 5 fand-bags; petaids of fizes; (hells ; pittols ;
blunderbuiivs ; tin chandeliers. Lanterns; olive-oil; can-
dles; nail. of 4o to the lb. 5 powder; ehy; old dung; in-
flammabic acd feiid compuiiions. Tlie quantity o each
of theic articles muit be apportioned to the manner in which
the mines are churged, and to the method of carrying on
the fubterranean war, which will be ¢nlarged on in the 4th
chapter.

126. The number of artillery-men for the daily fervice
of the guns and morrars contained in this inventory, may be
eafily inzeried from the former remarks on that fubelt (g7):
three times that numbet will te the proper compliment for
the detence of the place; one partis on duty on the bat-
teres, aud the fecond is preparing «nd providing the batteries
with flores, while the third is repofing. If the corps of
aruilery Le not fufficiently numerous for all thefe duties,
the line mult furnifh a certain number of additional gun-
neis: tour men at leatt, fhouid be attached to every piece

of
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ot ordnance s fo that if thete be 60 guns.and 20 mortars .
in the place, there ought to be 320 artillery-men, befides
ferjeants, "o every piece of ordnance there fhould be &
fkilful expert man to dire&t the loading and la.ing, and the
additional gunners fhould be allowed for in the demand of
troops made for the E?rrifon. Befide the commanding offi-
cer of arullery, there thould be g or 6 others of inferior rank §
and even more, if the place be capable of making 2 long
defence. '

The number of carpenters, black-fmiths, and armourers
will be regulated by the proportion of tools in the prece-
ding inventory j part of them may be 1aken from the artil-
lery, the reft from the infantry of the garrifon, or the inba.
bitants of the place. _ ,

With one ftage of countermines, and a large gallery,
where it is poffible that the miners on both fides may meet,
their number fhould be 200 ; and 2co, when there ‘are two
ftages of countermines, with two officers, and two non-com-
miffioned officers : part to be taken trom the miners belong-
ing to the artillery, the remainder from the garrifon ; taking
carc that the latter are men of approved courage and fidelity.

CHAP 1.

Or THE FIRST DISPOSITION TO BE MADE FOR THE
Derence oF A ForTrEss NN.

127. TH E magazines being furnithed with the ordnance,
ammunition and fores contained in the inventory ; every
article depofited in the place allotted for it in the diftribution 3
the proje€ied works completed, and the countermines pre.
pared ; the commanding officer of arillery on the apprehen-
fion of a fiege, makes under the orders of the governor his
difpofitions for defence: diftinguithing the operations necef-
fary to be performed previous to the inveftiture, from thofe
that may be deferred till the place is invefted.

128. In the firft place, the mulquet cartridges are made
up; light-balls, pitched faggots, and fire-pots prepared ;
the fufes drove; a certain number of fhells filled; and in
thort, every thing in the laboratory put in fuch a ftate of for-
wardnefs, that in cafe of an attack, nothing will remain tg be

one
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done but to fill the reft of the fhells and grenades ; snd
make up combuftibles as faft as sre wantd.  All (he
are mounted ; part on the aitackabie the

on the barbette.batteries : each of which fh be fpa-
cious enough to contain feveral guns, the better 10 com-

23

~mand the adjacent country 3 and the governor direls the

i to cut out the embrazures in dn‘ﬂanh;.ea .

" the ‘be counterauned ; 3 quantity of well fified

mh ummm«am. of the lege:;:nd frames
planks prepared for carrying on frelh branches: an

‘zﬁu‘h_uﬂpﬂﬁho&&cmmim are taken, which

y 2

canducive to faccels ; ! are made, to
‘determine the linc of lealt refiftance for a chamber, made
between the forface of the ground and an excavation g

feet below it (which is the depth of the work that the
befieger (howld carry on in fearching for the counter-
mines) and to alcertain the charge for only fhaking the
earth, and burying the enemy’s batteries without making a
large entornoir,  The care of the miners is intrufted to an
intelligent officer ; fome men are occafionally picked out
from the infantry for that fervice. The carpenters, black-’
{miths, and armourers thops are fixed, that they may pre-
pare the feveral articles belonging to them ; and fome horfes
and oxen procured for removing the guns and ftores to any
part where they may be wanted, with a fufficient quantity
of forage for their ufe. -

As aconomy in the daily iffues of ftores, and in the extra-
pay to the artillery-men and additional gunners is a matter
af great moment ; a commiffary and fome clerks of ftores
are appointed to keep an account of all iffues and expen-
ditures, that exact returns of every thing may be made out
avhen called for.

129. At the fecond epoch (127) viz. when the place is
savefted ; the commanding officer of artillery dire@s the

~ powder and every other article that will be wanted during

he fiege, to be diftributed in the different magazines ; and
the

0y

\
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the fhells and grenades to be filled and depofited in fecure
places: this thould be done before the enemy opens his bat-
teries. The amuzettes or wall-pieces with their ammu.
nition are carried to the advanced works, particularly on
the fide where the enemy is breaking ground ; and the bar-
bette batteries furnithed with powder and fhot, and 2 de-
tachment of men for firing at the parties of the enemy that
advance to reconnoitre the works, or drive in the out-pofts
of -the garrifon : the officer charged with this duty, after
receiving dire&ions from the governor with refpect to the
. parties detached from the garrifon, (hould remaim on the

batteries .during the whole day, to feize ewery opportunity
of annoying the enemy. '

An dfficer of the civil branch is appeinted to aflif the
floreskeeper, through whofe hands all .dffues of ftores muft
pafs, as he is beft acquainted where -each article is depo-
fited ; this officer is intrufted with the key of the maga-
zine, whence the daily iffues of powder are made : the keys
of the other magaziues remain according to cuftom with
the governor and ftore-keeper.

It may be neceflary during the fiege to proje&t fhot and
thells to different diftances according to the fituation of the
befieger’s park or powder magazines; the following table
therefore fhews the ranges of guns and mortars : the charges
are fuppofed to be 3 of the weight of the ball for mufquets,
&c. 4 of the weight of the fhot for 4 and 8 prs.; and § for
16 and 32 prs, he chambers :of the mortars are elliptical,
and filled with powder; thofe of the ftone.mortars are in
form of a troncated -cone.

Point



pofitions of the énemy, or from his breaking g

- .mmu the eommanding officer of ariille
dire@s ‘the guns allotred for that front to be drawn to it
placing thofe of 'the fame calibre together, to avoid the con-
fufion arifing from mixing the fhot ; and makes the car
ters lay down the platforms for the guns in the flanks. %:;
engineers conftruct in the works of the front attacked, occa-
fional magazines for containing the powder and cartri
for one day’s expenditure. The infantry furnifh the necef-
fary humber of additionals to affift in working the guns; the
fame men thould be always attached to this duty, to fave the
trauble of infiruding every day a freth fet, and fhould be
under the care of their own non-commiffioned officers.

The commanding officer of artillery then makes out a
plan of defence as far as refpeéts the artillery, which he fub-
mits to the governor for his approbation; and afterwards
communicates it to the feveral officers under him, that being
acquainted with the principles on which the defence is to be

condulled,

= %
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condu&ted, they may do their utmoft to contribute to its
fuccefs.

131. In shis plan, the ficft axiom is to retard as much as
poffible the progrefs of the befieger, and to multiply his dangere
and difficulties : this is effeed by a judicious application of
fire-arms, fallies, and countermines. ‘The whole front of
the attack is lighted during the night, that the artillerifts
may diret their guns with greater precifion, and difcover
the movements of the enemy; which will enable the gover-
nor to judge when and on what fide, a fally may be made
or a mine fprung, to the greateft advantage.
~ 132. At the beginning of the fiege the garrifon throw
fhells tilled with combuft.bles to light the front of the attack
during the night : when the enemy is advanced within 350
yards of the works, light balls are ufed for this purpofe;
and when he approaches the covered way, pitched faggots
are thrown on the glacis to difcover bis works : and, finally,
faggots and grates filled with combuftibles are placed on
the parapets of the advanced works, whenever the encmy
is endeavouring to effe¢t a lodgment.

133. It is an eftablithed maxim in making fallies, that
they be fupported by a heavy fire of artillery and mufquetry,
difpofed in the moft advantageous parts of the works for
compelling the befieger to remain within the trenches, or
expofing him to great lofs if he advance to repel the at-
tack : wherefore the fally ought to be previoufly concerted
with the commanding officer of artillery, who f¥muld fug-
geft any method that occurs to him of rendering the fire
of the artillery more effectual in covering it.

134. The fervice of the countermines will be difcuffed
in the fubfequent chapters; at prefent we fhall enter into
a detail of the other difpofitions for detence (131). When
the befieger begins to break ground, the proper detachments
are fent to the barbette-batteries, with injunétions to let
the additional gunners aflift in working the guns, that th
may become expert : this party, and all others on the dif-
ferent batteries during the fiege, are relieved every 24 hours.
The fire from thefc batteries is direéled during the day
either againft the unfinithed parts of the trenches, or to
enfilade the communications ; as may appear moft advan-
tageous. In the evening, precautions are taken that the
guns may bear during the night on the part moft likely to

diftre(s
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diftrefs the enemy ; thells fidled. with combuttibles are from
time to time projeted to light the country (132).

535. Witen the fituation of the enemy’s firlt batterics
# known, the embrazures on the faces of the battions and
the other works oppoled to the attack are opened, and the

tfornws laid; this fhowld be completed in 24 hours.

he direttion of forne of the embrazures in conform-
ity to the efiab'ithed 2xiom (131), to be ¢ § the ground
on which the enemy mut carry on his fap; the others
againft the batteries, oppofed to the guns that fire upon the
head of the fap :. it would be a manifeft departure from this
psinciple, to oppofe gun to gun without regarding the fap ;
and the error would be flill greater, to fire agaioft works that
ave already completed, and confequently proof to cannon-
fhot. The commanding officer of artillery points out the
objedts agzinft which the fire is 10 be directed, enjoins the
moft exad attention in loading and laying the guns, and
farbids them to be altered. He goes round the atesck at
Jealt 3 times every 24 bours ; early in the morning, te re-
connoitre the enemy’s works, and alter the direGion of the
guns, if neceffary ; in the afternoon, to take memorandulns of
what ammunition may be wanted ; and in the evening to point
out where the light-balls are to be thrown, and fee that the
fire both of artillery and mufquetry is directed againft the
unfinithed parts of the enemy’s works.

136. When the batteries are mounted with cannon, the
guns are withdrawn early in the morning from the barbette
batteries, and brought back at night to entiiade the com-
munications : this manceuvre is continued till the enemy’s
mufquetry is advanced too clofe to the works. The 10
inch and royal mortar batteries are opened, as foon as the
befieger advances his communications between the fecond
parallel and the place : thefe mortars fhould be placed in
fuch a (tuation that, in fpite of the inevitable irregularity
of the ranges, the theils may fall on fome part of the ap-
proaches.  During the night, light-balls are proje&ted 1o
aflift the dirc&ion of the cannon and mufquetry. When
the approaches are advanced within 300 yards of the co-
vered way, the ftcne-mortars come into ufe; they are
planted in the faliant anzles of the covered way, againft
which the enemy is directing his approaches.  All the mor.
tars fire day and night: when the third parallel is nearly
finithed, the ftone-mortars are withdrawn from the covered

way,
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way ; and placed in the works immediately in the rear, at
the foot of the barbette batteries, to fire into the enemy’s
lodgments on the creft of the glacis, when the garrifon is
obliged to evacuate the covered way.

While the befieger is working at the third parallel, great
number of pitched faggots are thrown upon the glacis duri
the night from the covered way : the guns that enfilade the
glacis are directed againit the lodgements on the creft of it3
and every enbrazure that flanks the enemy’s approaches is
furnifhed with cannon.

137. The third parallel being completed, the enemy’s
difpolitions thould be carefully obferved to judge whether
he meditates an attack on the covered way by florm or fapj
if the former appears to be his inteation, ‘the guns that enfi<
lade the creft of the glacis and the covered way. fhould be
farni(hed with flannel cartridges for quick firing, and fome
sounds of cafe or grape-fhot ; and the men attached to them
inftru@ed how to condu& themfelves in cafe of an afGuit:
at the clofe of day, quantities of pitched faggots fhould be
thiown on the glacis, and the fire-grates lighted in the
faliant ‘angles of the moft expofed works.

When the enemy has gained the creft of the glacis, round
fhot fhould be fired from all the guns that enfilade it, til
the garrifon is compelled to abandon the covered way ; then
tafe-thot fhould be fired : the mortars fhould keep up an
inceflant fire on the returns of the faliant angles of the glacis,
where the befieger muft eftablith his communications. -

The garrifon will rally in the places of arms and the
ditch, and endeavour to regain poficflion of the pofts they
have loft ; the fire from the ftone-mortars thould ceafe the
inftant the troops arc in motion for that purpofe, and the
cannonade re-commence.

In all affaults, the officers of artillery fhould be ftationed
in the works that contribute moft to the defence, with di-
reQtions how to a& on every emergency: their command-
ing officer fhould take up his ftation at the point of the o=
eft importance.

118. When the befieger has gained the creft of the gl
by fap, all the mortars thould play on the.con i
thar will be made along the faces; and whilethe 18

ing om, it fhould be enfiladed by the guns «+ 1 m
that bearon it. If the gunsin anyof t  at «
¢an plunge into the encmy’s lodgmentson |
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embrazures (hould be vepaired : throwing light-balls during
the whole night, g&l“mﬁf may heﬁ more exaét
and effcctual.  The fame di s fhould be continued,
the enemy is ing and firing from the batceries
in _tdnmx& ed by a continual fire of muf-
quetry, direfted againt the embrazures of the batteries.
139. The befieger having completed his defcent into the
h, and begun cpaulments to cover his to the
foot of the breach, every poffible exertion be made
: : fhould fire inceffantly againt

A breach having been made in any of the out-works,
the artillery fhould be withdrawn in time, and placed in fome
work in the rear of the one that is difmantled, in order to
fire into it. When the guns are withdrawn from the rave-
lin, fome embrazures thould be opened in the curtain, that
the befieger may be expofed to 2 heavy fire from many points
at once, the inftant he attempts to lodge himfelf in the
ravelin, .

140. The breach being rendered pra@icable, a nume
ber of burning fafcines and light balls thould be thrown
into it; and over thefe dry faggots and combuttibles of all
kinds : when this expedient is exhaufted, all the guns and
mortars fhould be pointed at the breach, to mow down the
enemy’s colutnn in mounting to the affault.

From the different methods of repelling affaults explained
i the fecond book of Military Archite@ure, the officers of
artillery will fee in what manner the defence of a fortrefs
provided with (tores of all kinds, may be prote&ed by their
fkillful and judicrous condu&, combined with the exertions
of the other parts of the garrifon.

Though the preceding regultions may feem to be adapted
only to plices where the works mutually fupport and com-
mand ecach other, and every point in the cnvirons; yet

they
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they are equally applicable to fortrefles fituated on mountains
with different profilés : provided that in the proportion of
ftores, an additional number of mortars and combuflibles
be allowed for the defence of the dead angles, which fre.’
quenly occur in places in fuch fituations; and the weak
points be carefully ditinguithed from thofe that are inaccefli-
ble, even when a breach js effeéted.

141. When at length, the piace is no longer defenfible,
the chamade is beat: 2t the furrender the commanding offi-
cer of artiliery in terms of the capitulation, will give the
enemy an exatt inventory of the ordnance and ftores. If
permuffion be’ granted to take out any covered waggons, the
largeit guns the.uld be carried out on block waggons covered
with oil-cloths, and ot inferted in the inventory given to
the enem~. But it the fiege be raifed, all the fores liable
to be pii.od fhoud be immediately carried back to the
maruziacs, and a ganeral inventory taken, diflinguithing the
ferviceable from the unferviceable’; the puns and mortars
fhould be alfo examined, and thofe that are damaged fent tg
the foundery,

CHAP 1V.

Or THE Derexce oF THE COUNTERMINES.

142.IN the greater part of ficzes, the befiecer his a
decided advantage ; for the cavitons of moft places being
fufficiently fp‘.ur)us, it is in his povur 1o plant a very nu-
merous artlllcry in his firft batterics, and ciabhth a e fupze
rior to that of the place: but inthe atrak of 4 fortrels whete
the countermines are judicicutly dilpofud, the garrifon at
the inftant the befieger is endeavouring to ladve Limfelf on
the glacis, and in the other works rezuns ther fuperiority §
fince he is under the nceeffity of focling his way with much
danger and lofs of time, in order to afcertain the lafty of
his lodgements and batteries 3 without knowing the points
where the befieger awuits him, and often finding himfelf
buried in his own works at the monent he feafts expedts it.

143. To oppofe the beticzer efivetually in his refeaich
for the countermines requires much difcernment, an uninter-
rupted vigilance, and great cxertions of bmgry I'he funs

damcnra)



322 SERVICE OF ARTILLERY

damental maxim is o anticipate the attempis of the enerss
and ts wefirve aslong as }ﬁHI the cotintermines dojyoed
Jor H'wilg up the primcipa lodgements, and the Larterscs in
breach.  For this purpole ; .

1« The provifional branches fhoald be com
the time that the belieger reaches the fuat of the glace

2. The euemy’s miners fhould pever be allowcd
get below the countermines, fince in rhis warfars wlo-
ever has loweft ground has the advantage.

3. Every atiempr thould be mad: with fougaffes and
petards to deflroy the enemy's works ar a diltance from
the permanent countermines. '

4. 'The charges for ruining the enemy’s works
fhauld be ealculated to rmduoc e defired etfeft without
running any rifque of damaging the permancat coun-
termines. n

5. When to fruftrate the enemy's atempts, it is
neeeflary to fpring a_mine at a paint, that may inter-

“ rupt the commuuication with fome of the ugmumt
countermines ; a frefh communication fhould be imme-
diately made from the branches, or the neareft galleries.

6. Provilional branches for fecling for the enem

will be moft effectual, when made to the right and ld{
at the fame time.
144. To convey a general idea of this fubterranean war,
+ let us fpppofe a place with two ftages of countermines ; that
permanent and provificnal works are prepared along the
front of the attack, when the beficger gains the foot of-the
glacis ; and that the foil has depth and tenacity enough to
cnable the befieger to execute any work he may judge necef-
fary. The objects of the befieger being to render ufelefs the
countermines of the place, in order to fecure his principal
lodgements and batteries in breach, he will be obliged either
to attack them in front by the means of flopes and galleries ;
or to attack the paffages leading to them by finking thafts in
the covered way (Part 1. Chap. VIIL.): the following are’
the difpofitions for oppoiing thefe attempts.

145. The front that the enemy intends to attack being at
length known, a larger quantity of earth is carried into the
galleries on that fide: and when he approaches the foot of
the glacis, filled fand-bags are ranged along the galleries
without obftructing the paflage, and a larg: quantity of dung
laid in the ditch near the entrance of ‘thz countcimines. A

miner
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miner is pofted in every three or four branches that poifit
towards the enemy to liften whether he be at work: on
hearing hini, the miner thould keep firict filence, and redou-
ble his attention to afcertain exaétly the fituation, diftance
and nature of the work he is carrying on. If the enemy in
making his lodgments meet with one of the ventilators of the
mines, the bottom thould beimmediately clofed with a fand-
bag, and the fpace betwcen the bottom of the gallery and the
ventilator filled up very folidly. When from the nature of the
foil the eneny can drive his (hafts under ground without beir
heard, a well braced drum fhould be placed at the fufpe&t
points with fome grains of fand on the parchment, which
will move when the ground is ftirred or thaken,

Havingafcertained by one of thefe methods that the enemy
js advancing towards the countermines, the five following
¢afes may occur.

1. His fhaft may fall on one of the branches of the
firft lage.

2 (%r on a gallery of the firft ftage.

. It may approach very near to a branch or galle
of axe firft ﬁa)gje. . y gy

4. 1t may fall on a branch or gallery of the fecond
ftage.

i. It may fall obliquely on the countermines of the
fecond ftage, without the beficger being overheard in
working from the countermines of the fir(t ftage.

146. The gencral method of oppofing above ground thefe
attempts of the befieger is to throw fhells into the fhaftsg
the fituation of which is eafily dilcovered by the foil of the
excavation : the explofion of a fhell falling into a fhaft, ren~
ders all further attempts for fome time impraticable,

Another method equally effe€ual is to make a fally, and
throw into the fubterranean works of the befiecer combufti-
bles of a very fetid nature, to render the air unfit for refpi-
ration. Befide this, the following oppofition is made under-
ground.

147. Should a fhaft fall on a branch of the firlt (tage
(145, No. 1), it fhould be immediately filled with fand-bags

d clofe together for the fpace of 20 feet; in the middle
of this fpace immediately under the fhaft 4 or g loaded fhells
thould be laid with the fufes of fuch a length that they may
all burft together: they are fet fire to by a fauciffon the
moment the beficger gains the roof of the branch, and by

X2 theig
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and fet fire lo the mommt the beﬁeger rudm tha
roof of the gallery. As by this method, the communication
is kept open below the treflles, it is preferable to the other of
filling the whole fpace with fand-bags. Befide, if the coun-
termines to which the gallery leads be of great importance, a
freh communication may be made from the neareft branches
or galleries, after the explofion of the fhells.

The befieged fhould perform thefe operations as filentlv as
poffible; not ufing hammers to knock out the bricks or
make holes in the roof, but forcing them out with levers,
that the befieger may not be aware of his danger. But the
operations of the befieged will not fail to be difcovered in
the three following circumftances.

149. When the fhaft paffes near a branch or gallery of
the firft ftage (145, No. 3,); its direction and diftance being
known, the befieged thould afcertain whether the fhaft when
funk till it meets with water or rock will be near enough to
any of the permanent countermines to deftroy them : If that
be the cafe, he fhould carry on horizontal branches on both
fi des to find out the fhaft, and have every thing in readm;&

: or
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for charging a chamber mﬂam]y to deftroy it.  As the be-
fieger mult be aware of this, the befieged {hould attentively
liften to find out when he ceafes to work, which will be a
fign that he is charging his chamber; taking care to diftin-
guith between the found that is made in hollowing out the
earih, and a noife frequently made to counterfeit it, in order
to deceive the befieged.

When the befieger ceafes to work, the diftance between
the branch and the fhait fhould be compared with the dif-
tance between the bottom of the thaft and the furface of the
ground ; and if the linc of lealt refiltance be towards the fur-
face, it it will be fufficient to make a noile fimilar to that of
removing earth, without proceeding any farther : which will
make the befieger believe that the work is always going on,
and induce him to {pring his mine without doing any detri-
ment to the countermines, yet greatly to nis own difadvantage ;
fince after the explofion the ground will be unfavourable to
any future work. Butif the line of leaft refitance be on
the fide of the branch, a chamber thould be inftantly charged
with a prgper quantity of powder and fprung. If the be-
fieger, notwithflanding, continues his work, the branch
fhould be advanced within 7 or 8 feet of the fhaft, that it
may effectually deftroy it, without doing any damage to the
countermines (143).

150. In the fourth cafe, viz. of the fhaft falling on a
branch or gallery of the lower ftage, the belieged will make
the fame difpofitions as before {147, 148), and fet fire to
the fhells the inffant the befieger reaches the roof of the
gallery ; when the (haft paflfes near any of the counter-
mines of the firft ftage, the beficged will carry on horizontal
branches as direéted in the preceding paragraph, making at’
the fame time the neceflary difpotition in the couniermines of
the lower ftage, that are threatened by the enem-.

When the (haft without pafliny near the countermines of
the fir(t ftage falls obliquely on thole of the fecond, hotizon:al
branches thould be carried on from the lower fage in the
fame manner as dire€ted for the upper one.

151. The fubterranean war is ftill more in favour of the
befieged, when the befieger attacks the countermines in front
by the means of galleries or branches ; fince the former will
be then enabled to difpute the ground inch by inch.  When
the enemy’s gallery points towards a provifional branch, he
ihould be waited for in filence, till arrived at a proper dil-

X 3 tance,
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blocked up with fand-bags ; all forts of combuftibles be
thrown into the intercepted part to compel the enemy to
abandon it.

153. The garrifon fhould never relax in oppofing the defigns
of the enemy, even though all the permanent countermines
are by degrees deftroyed and they are thus deprived of the
means of blowing up the enemy’s batteries; fince the de-
fence of the place will be thereby confiderably protra&ed :
Whereas (hould they under the idea of preferving the perma-
neat works entire, be too cautious in counteralting the be-
fieger, he may by carrying on his eaterprizes under ground, .
rendet all the countermines ufelefs; and deprive the garrifon
of every benefit that could refult from them. )

After fpringing a mine, the miners (hould never be tao
hafty in removing the earth or rubbith that chokes up the
paffage to it, or in examining its effe@s ; this refearch being
attended with no utility, and moseover, very dangerous:
the (imell and finoke thould be drawn away, and the air pu-
rified by placing mantlets at the entrance into the counter=
mines, with tin pipss fixed in them and communicating with
the place where the mine was fprung.  The miners in the

mean
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mean time fhould be liftening in the other branches to dif
cover the enemy’s operations. .

154. The famedireftions are to be obferved, in defending
the countermines under the ditch, in the out-works and in
the body of the place, -

Fhefe operations fhould be always{§gpported by the fallies
of fmall parties, made unexpectedly i the ditch, to kill the
enemy’s miners, and throw fetid combuiiibles mto their works,

From the method of attacking countermines, treated of
in the firit part, it will be eafy to afcertain whether the pro-
vifional works, in either of the three cafes mentioned at
the end of the third book of military architeGture, are pro-
perly combined : if not, the defe@ may be eafily remedied,
in making out the proportion of ftores for the place, ;

PART V.

Or tae Use or PermanenT COUNTERMINES IN THE
Derrence oF PrLacEs.

155. FO UGASSES and permanent countermines
being intended to overturn the principal lodgments and
batteries of the befieger, the following is the mode of attain~
ing this obje&. When the beiicger begins to make the third
parallel, all the fougafles on the front of the attack are
charged with the quantity of powder found by experiment
(128) to be adequate to the line of leaft refiftance ; the [au-
ciffons of communication are laid in pitched wooden troughs
funk in the ground about a foot deep along the pallifadoes,
that, if the enemy attempt to carry the covered-way by af-
fault, he may not be able to cut them off. Thefe communica-
tions begin at the faliant angles of the covered-way, and
terminate at the re-entering angles of the places of arms; they
are fo difpofed, that the fougafies at the moft faliant angles may
be fprung feparately ; then thofe before the faces of the baitions
and ravelins ; and laftly thofe in the faces of the places of arms:
The fauciffons ought to be frequently changed when there
is reafon to apprehend that they may be injured by the hu.
midity of the ground.

156. Then, the covered-way being ftormed, and the gar-
sifon forced to_abandon the faliant angles and retire into

. X 4 the
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1. Lel efieger lodge i i excavation
or entonmzir; the greund fhould only be fhaken
to overfet the batteries and bury the guns.

2. Not to damage the contiguous countermines by
too violent an explofion ; which might render them of
no effect in oppofing the enemy in making his defcent
into the ditch. .

3. Not ufelefsly to expend powder, which may be-
fore the cohclufion of the fiege be wanted for fome
effential purpofe.

159. That the charge maya&only on the fide of the line
of leaft refiftance, the paffage to the chamber fhould be very
folidly filled up for a length and half of ‘the line of leaft re-
fitance. For exaniple, fuppofe the chambers A, B, (PL s,
Fig. g) are 1o be charged, and each branch CD, EF, be
equal to the line of leait refiflance: in ACD, BEF, lay
a layer of dung 4 or g inches deep, and place in each cham-
ber a well-pitched wooden box of the proper fize to con-
tain the powder : having filled it and applied the fauciffon,
cover it with planks ; and in cale of damp with oil-cloth,
Lrd ; Then

1%
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"Then having filled the fpace between the box and the fides
of the chamber with dung, large ftones and clay ; clofe the
mouth of it with planks and mantlets, placed along the walls
C D, GH, EF, KL, fuppoited by the horizontal beams
M, N, fecured by ftrong wedges, and fill all the interflices
with fand-bags and dung. Continue this operation to D, F,
where apply other planks fupported as before by the *hori=
zontal beams P ; fill up the interitices with dung, &c. as far
as Q_, (o that the right lines A Q_, B Q_ be each a length
and half of the line of leaft refiftance: at Q_place fome
planks firmly fupported by the beams R fixed in the wall S,
The fauciffon thould be condu@ted in a pitched trough along
the branches C D, EF, fo that that the two chambers A, B
may be fprung at the fame inftant : for it is evident, if they
be fprung at different times, that the refiltance will not
be reciprocal, nor the effe@s of the explofion fo great.

160. One of the principal maxims in the defence of a
place is, to hold in readinefs a body of troops to march inflantly
after a mine is [prung, to take’advantage of the enemy’s cone
Jufion, and endeavour to regain the covered way, or any other
poft that may have been loyyt, Thefe fallies fhould be fup-
ported by a heavy fire of cannon and mufquetry from every
work that bears on the enemy.

A fecond maxim is, never to [pring any of the permanent
countermines till every method of retarding the enemy’s pro-
grefs, or deftroving his works above ground bas been exbaufted;
for a mine once fprung is henceforth unferviceable.

161. Keeping thefe maximsin view, let us fuppofe that the
chambers under the batteries in _breach which have opened,
be charged, and the troops ready to fally: then the mines
being (prung, and their effects, afcertained, the troops advance
rapidly to the hatteries that have been overturned, throw in
a heavy fire, and fally from the covered way to attack the
neareft lodgments, the moment the_¢nemy appears to be in
diforder. In the mean time, g miners by the means of
man:lets placed at the entrng;‘qf the countermines, and of
tin pipes reaching to the chambers that have been fprung,

. endeavour ‘as faft as poffible to draw out the foul air and
introduce frefh: they then immediatcly begin to extend
the intermediate branches under the glacis, in order to aver-
turn a fecond time the batteries in breach. If this be im-
practicable, they muft employ the remaining chambers to
bury the befieger in making the defcent into the ditch.

: When
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When no further advantage can be derived from them, they
make in the large gallery a chamber on both fides of the
defcent into the ditch to deftroy it. -

162. The countermines of the firlt Rage being fprung,
thofe of the fecond remain to overturn the new erelled
batteries in breach, and oy the defeent into the duch ;
their chambers are ¢ with the proper quaniity of pow-
der for the line of leaft refiffance, 1aking care to fill up the
empty branches or galleries of the countermines of the firlt
fage that are within reach of the fhock ; otherwife the force
of the explofion will be fpent againft them, without over«
turning the batteries: when this cannot be dene, the charges
63, The befegen o length afeertained the fafery |

163. The befieger having at ‘afeertained the
of hgblmﬁn-mrhe ghngn; and in the plces of arms,

begins to batter in breach; and having completed his dﬁv
fecent into the ditch, advinces under cover of a double

towards the foot of the breach: the
then charge the mines under the different epaulments and
breaches with a fufficient quantity of‘gbwdn to biow away
the rubbifh that has fallen down from tiie breach ; and make

8 large oxcavation in-the diteh, that the befieger may be

under the neceflity of firing a great maby more roonds in
order to beat down materials to make the breach agan
acceflible. 'I'he chambers thus charged fhould be fet fire to,
the moment the enemy mounts in column to the affault.

When the countermines under the ditch are fprung,
thofe in the attacked works fhould be charged to overturn
the lodgments that may be made in them ; the 'charge
fhould be very large in order to throw to a great diftance
the materials, and render the breach again inacceffible, which
will lay the befieger under the neceffity of keeping up =z
Reavy fire for feveral days, to regiin the advantage he has
Tot. The moft favourable moment of fetting fire to thefe
chambers is when the enemy is giving a general affault; or
when he has brought up cannon through the breach to bat-
ter the interior intrenchments thrown up by the garrifon.
8pringing the counterminies in the baftion will be the laft
effort of the befieged, unlefs the body of the place be con-
firu&ed on a fyftem of demolition, and well countermined 3
in which cafe, the condu& of the officers will be regulated
by the preceding maxims.

CHAP,

|
|
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CHAP. VL

Or Tae Derence of PLACES CONSTRUCTED ON A
SysTeM oF DeMmoLiTION. :

164. TH E defence of places conftrulled on a fyflem
of demolition, and countermined, depends on the connec-
tion of the works that are to be blown up with thofe that
are to remain entire ( Military Architeéture, book 3d): asin
thefe fyftems, a work that is in the event to be demolithed,
fhould remain entire unto a certain ftage of the fiege, and
the mines a& only on particular parts, without damaging
others ; the greateft attention is requifite in determining their
fituation and fize. Fhe four following paragraphs contain
the principal cafes that occur, with a few reflections on each.

165. When from the combination of the works, the
pedition, number, and fize of the mines, can with accuracy
be afcertained from an infpection of the plan of the place,
without a neceffity of performing any previous operation,
they (hould be made before the place is attacked, (Chap. 10,
Part 1) and charged a few days before they are to be fprung.

166. When the pofition and fize of all the mines are
detesrmined, but their conftruétion requires much time and
labour, the officer of artillery detached to examine the place
previous to the fiege, thould fpecify the neceflity and extent
of this operation : and, if the fyftem be fo combined, that
the mines cannot be made before the fiege, without weaken-
ing the defence of fome other part, he fhould point out the
feveral modes of defence that to hin appear moft feafible,
and give his reafons in writing; that the commander in
chief in laying down the plan for the campaign, may know
upon what length of detence he can fafely reckon.

¥67. It being impoflible from the conftru&tion of the
works to determine the fituation and fize of the mines from
sn infpelltiom of the plan, the officer of artillery muft exa-
mine how the walls are conneted together, in order te
afcertain what parts can be demolithed without injuring the
others. For the fake of obviating thefe difficulties, it is to
be wifhed that the mines were always made when the for-
tifications are confivucted ; and thav the walls which are ::

.



sany of the fteps ufual in regular fieges, may be inferred from
‘she ninth chapter, and be reduced to the four following cafes ;
e 1. When in the vicinity there are any favourable
pofts that can be ufed to advantage againit the place.
2. When the fortifications are conftruéted upon. a
bad f[yftem, or are out of repair.
3. When the garrifon is weak, and provifions and
ftores infufficient. '
4 When the garrifon, though fufficiently nume-
rous, is compofed of new levies, or of troops whafe
fidelity and courage cannot be depended on.

3170. The common axiom, that if the caufe be done away
dhe :{%’i ceafes, holds good in this as in every other cafe;
for by occupying or rendering ufelefs all pofts favourable to
the enemy, repairing the fortifications, and filling the maga-
zines, this kind of fiege cannot take place. Thus, with a
due degree of precaution, it may be wholly avoided in per-
manent fortifications ; yet places fortified through neceflity,
or duging a fate of hoftility, may cither from defe@ in fitua-

- : . tion,
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tion, or want of time to improve to the utmoft the natural
advantazes, b= expofed to it.

171. Suppole an officer of artillery detached to a fortrefs
labouring under any of the afore-mentioned defelts, with
orders to make out a plan for the defence: he thould attena
tively weigh every circumftance that can favour a precipitated
and irreguiar attack, and in his demand of artillery and ftores,
confine himfelf to the neceflary quantity for oppofing the be-
fieger when he arrives at certain given points.  Any guns in the
neizhbouring towns not perfectly good, but competent to
the expenditure of the propofed quantity of ammunition
or aiy guns of intermediate calibre fhould be fent to thefe
places, - fince after the furrender they will be of no fervice to
the enemy.

172. Agaia, fuppofe a place invefted by the enemy under
circum:iances favourable to a precipitare attack, there are
two caies to be confidered : the one, with refpe& to places
imperfectly fortitied and provided only with ftores, &c. for
ftanding this kind of fiege (171): the fecond, with refpect
to regular fortretles weil fituated, and abundantly fupplied
with itores or all kinds, but of which the garrifon either
fromn fmalluefs of number, or want of experience or zeal
(162, No. 3. 4}, is incompetent to a regular defence.

173 In the firft cale, the arti'lery otficer guided by the
particular motives that influenced the commander in chief
to adopt this plan, thould exert every pofiible means to pro-
tra’t the fizze ; not Keeping up too heavy a fire at the be-
ginning, left the ammunition be too fuon expended : nor
on the contrary, permitting the befieger through remiflnefs
in firing, to lodge himf{cif on the works ; which will greatly
accelerate the capture of the place, efpecially when they are
bad!iy conftructed or out of repair.

I'ne only method of determining the precife line of con-
duct 1o be obferved in this cafe, is to weigh on the fpot the
" aétual ftate of the place, with all its advantages and difad-
vantages; and fromn a general view of the whole, to lay
down the plan of derence moft likely to protradt the fur~
render.

174. In the fecond cale (192), the greateft efforts fhould
be referved, according to the firength of the garrifon, for
the body of the place, the ravelin or other out-work, fo that
from the time the befieger effects a lodgement on the glacis
till the place capitulates, the defence will be almoft regullar:

when



panic, check all ifregularity, and be on their guard againf
';:thigs, which frequently happen in regiments compoled
principally of deferters.
175. The four cafes in which a fortrefs is blockaded,
have been already meationed. To render the blockade of
no cffe&t in the firft -cafe (g1, No. 1), the magazines and
barracks are made bomb-proof, and proper precautions taken
to prevent and extinguifh fire : in large cities expofed oi every
fide to bombardment, where the houfes cannot be fecured
from fhells and red-hot fhot, the governor to cover the
inhabitants as much as pofhible, fhould endeavcur by the moft
prompt and vigorous mealures to keep the enemy at a dif-
tance; by making powerful fallies, throwing up lines of
counter-approach, and feizing and fortifying with artillery
every ftrong poft in the vicinity of the city. ’
176. When a blockaded city has not the moft diftant
profpect of fuccour, the garrifon fthould keep up a very heavy
fire from their artillery, and frequently make large fallies,
that they may compel the enemy to raife the fiege : by thefo
: meang
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means they will at leaft, expend their ammunition, and not
Jeave a complete arfenal to the conqueror.

In the third cafe, the nature of the defence muft be de-
termined on the (pot from the manner in which the enemy
carries on and direéts his attacks; the greateft efforts of
the garriion (hould be oppofed to the works and batteries
that incommode the place moft, without wafting ammuni-
tion againft the others. _

Finally, in the fourth cafe every advantage for which the
enemy gives the leait opening, fhould be feized ; taking care
at tiie fame time to be fparing of the ammunition, that there
may be futficient for maintaining a regular defence, when
the befieger has brought up the necefiary artillery for puth-
ing his attacks with vigour.

CHAP. VIIIL

Or COUNTER-APPROACHES.

177. COUNTER-approaches are thofe works which
the garrifon throw up either previous to or during a fiege
at ditivrent ditances from the place, to enfilade and take in
reverfe the trenches and firft baticries of the befieger: hence,
by a judicious difpofition, he may bz fometimes compelled
to convert into a blockade, a fiege begun with regular ap-
proaches, and in the moft vigorous manner. It thould there-
fore be eftablithed as a maxim, to make counter-approaches
whenever it can be dine to advantags. They may either
form a part of a predigefied plan, or may be adopted on the
occafion from fome fudden and unexpected circumftance that
arifes during the fiege.

‘That the nature of counter-approaches may he perfectly
underfiood, here follow fome of the principal cafes in which
they can oecur.

178. When a fortrefs with a numerous garrifon is only
attackable on one or two fronts, and the ground before them
is commanded from fome points within reach of the gar-
rifon, and fecured from attack, being partly furrounded by
a navi.able river, ravine, precipice, or morafs; or before
which the enemy will be under a neceffity of opening trenches
before he can advance towards the place itfelf, a coumerl;

attac
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camp, that ferves to keep the communication open w
the country whence it diaws its [upplies 3 ﬂugnf works fhould
be thrown up to fecure any commanding g h]l'rﬂsq!ci._
nity : the neeeffary guantity. of artillery and flores. for thi
counter-approach may be afcerrained with fuﬁcidit.wd%.
by knowing the extent and nature of the ground where the
befieger mult open trenches, and ereét his batteries ; and
any additional fupply may be afterwards introduced under
favour of the intrenched camp. %

181. It often happens that an enemy in laying down
before a fortrefs opens his attack againft the firongeft front ¢
in this cafe, if the garrifon be numerous, and the fituation
favourable; that is to fay, if the ground, on which the works
of a counter-approach can be conftruéted, be inattackable, or
covered by the fire of the place, they fthould be inftantly
exccuted, and planted with the artillery defigned for the
barbette-batteries, and the other parts at a diftance from the
front of the attack. As the introducion of fuccours is not

: | fuppoled




+ IN TIME OF WAR. 337
fuppofed pradticable, the fire thould be direGed againft the

batteries that moit annoy the garrifon ; according to the inva-
#able maxim of protracting the jurrender as long as poffibley
by employing ever; thing in the mo;) advantageous manner,

i82. An army or a confiderble curps of troops haviog
been worfted in alion, has frequently taken refuge in a
large fortified town, where was a depot of heavy artillery 3
ind to which the viGtorivus army has lain fiege. When
this happens, every ftrong poft in the vicinity that may ferve
to keep the enemy at a diitance from the pgice, and reduce
him tu the neccflity of a blockade, (hould be occupied by firong
detachinents, an: fortified : when the adjacent country is fo
favourable to the conqueror, that he can inffantly break
ground and carry on his approaches in form, the trpops in
the town fhould endeavour to form counter-apprqaches 3
this being the moft effcciual method of rendering the enemy’s
enterprizes abortive ; or at leaft of embarraffing his opera-
tions, and lengthening tie defence.

Counter-approaches cannot be made in low flat {ituations,
except under cover of an impaffable morafs or river : in this
cafe, a trench 25 feet wide thould be made to conne& the
place and the morafs or the bank of the river, and the front
covered by the body of the place or fome advanced work :
in the rear of the trench may be ere&ted the batteries for
enfilading and taking in reverfe the enemy’s approaches ; and
fome advanced redoubts may, if neceffary, be thrown up at
proper diftances to fecure the communications. The works
of the counter-approach (hould be fo combined with each other
and the works of the fortrefs, that the enemy in advancing
to attack them, may be taken in front and flank, whatever be
the difpofition or order of the attack.

It is the province of the engineers to proje&t the counter-
approaches ; the duty of the artillery officer being only
to furnith them with proper ftores and defend them : it is
unneceflary therefore to enter farther into the principles of
their conftruion.

Y THIRD



{ gement, yet fecretly  for an op-

portunity of attacking the adverfary to advantage, this is
called a war between equal forces : and, an army is faid to be
on the defenfive, when from inferiority of numbers, or fome
other caufe, the general (helters himlelf in firong pofts, co-
vers himfelf with lines and fortifications, or retires till he
gains a camp almoft impregnable; under favour of which
he keeps the enemy at bay, or at leaft, checks for a time the
rapidity of his conquefts.

185. Whatever be the fyftem of the war, it always be-
hoves the general to take fuch fteps previous to the opening
of the campaign, as may infure, as far as depends on human
forefight, a fuccefsfulifiue.

Thhe firlt point is to have the army properly compofed :
to this end, it is requifite to have a clear and accurate idea
of the peculiar properties and fervice of each of the three
fpecies of troops, that conftitute the military force of mo-
dern days; viz. infantry, cavalry, and artillery. In the

(nex: place, the nature of the country that is to be the xhcam;
: o
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of war, and the propofed fyftem of operations fhould be con-
fidered : fince the army ought according to the nature of
the country to be compofed cither of infantry folely ; or
of infantry and artillery ; or of infantry, cavalry, and artillery,
"The proportion of each fpecies of troops varies alfo, accord-
ingly as the country is level or mountainous; interfected
by rivers, ravines, and moraffes ; or covered with woods :
the number and quality of the enemy’s troops is likewilg
another point effential to be afcertained.

CHAP. I

OF THE SEVERAL SPECIER OF TROOPS THAT
COMPOSE AN ARMY.

186. UN IV ER S A L experience proves that the fuc-
cefs of an army depends on its compofition, and the man-
ner in which its miarches and difpofitions in the day of
action are regulated.

There are certain judicious combinations founded, in the
opinion of the beft military writers, on the different fervices
of the feveral fpecies of troops, and on the manner in which
each can a&; relatively to the nature of the country and
the method in which the foldier is armed.

187. The mufquet with the bayonet-is an arm which
the foot-foldier carries with eafe: with it he can march
through narrow paths, and over mountainous and difficult
roads; and a bridge of flight conftruion ferves for his
paffage over rivers, canals, or broad ditches.

In common marches that continue about 6 hours, a foldier
walks with a frec and natural ftep 2 y miles in an hour;
a regiment therefore when the roads are tolerably good,
marches 14 miles in 6 hours. Within reach of the enemy,
the pace is regular, but quicker or flower, according to cir-
cumftances : in the flow movement, calculating each ftep
at 24 inches, and 60 ficps in a2 minute, a regiment of in-
fantry pafles over 40 yards in a minute : and when it moves
with an accelerated pace, it pafles over twice this fpace or
80 vards in a minute,

188. From the conftitution of infantry, the fmall fpace
that each foldier takes up, and the arm he carries, this fpe-
: Y 2 ' ) cies
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cies of troops is well adapted to offenfive or defenfive opes
“yations in all kinds of countries : fince they can fight in line
‘or column ; halting or marching ; firing with ball whea at a
diftance from, or charging with bayonet when clofe to the
enemy.

: ‘Tl{e intention of fire-arms being to annoy the enemy at
a difiance, the foot-foldier fhould above all things be taught
to load his mufquet properly ; and level and dired it well
againft the object: .platoen firing by word of command
from the officers is never fo ds(trullive as when each foldier
takes his obje& feparately : this is called pallifadse firing,
when the mufquet refts upon any thiné.

lofantry having occafion for very few -carriages, are ealily
fubfifted gt c:lumries :hﬂe fp;'a Ii? farce.h 2 ¢

189. Cavalry are highly ufeful in marches engage-
ments, when l')t'he coi:ﬁtr; is fufficiently level and open, to
give them room to perform their feveral evolutions. The
rate of marching of a regiment of cavalry for 6 hoursis calcu-
lated at 17 miles ; but in cale of neceffity, it may be extended
o 21 or even 28 miles. Wherefore from the celerity of
their movements, they are excellent for making mcugnm
into an enemy's country ; fupporting a diftant poft, or corps
of troops 3 cutting off detachinents, convoys, or foraging
parties that imagine themfelves in fecurity ; and purfuing
an enemy when routed and retiring in diforder.  The fabre,
carabine, and piftol, are the arms carried by the cavalry. In
adtion their great advantage confifts in the celerity of their
qmovements, and the impetuofity of their charge, fword ia
hand. The velocity of the latter is eftimated at four times
the velocity of infantry, or from 3 to 400 yards in a minute ;
but this exertion can laft buta very few minutes. Whea
an army is drawn up in order of battle, the cavalry is pofted
on the flanks to cover the infantry, and be ready to charge
the flank of the enemy’s army.

The fire of cavalry, from its great uncertainty, and the
difficulty of re-loading on horfeback, is but little confidered
in a&tion; it is ferviceable on guard, in prote&ing their
quarters, fkirmithing, and increaling the diforder and con-
fufion among the enemy’s cavalry, when broken by a charge.
The country, in which a large body of cavalry is to be fub-
fifted for a long time, muft abound in forage.

1g2. Dragoons are a fpecies of troops that aét occafionally
as infantry or cavalry: in open and level countries they

; perform
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perform the duty of cavalry, and in flrong and inclof-d
countries, difmount and a& as infantry : wherefore infiead
of a carabine, the dragoon is furnifhed with 2 mulquer.

191. On confidering the peculiar propertics of mfantry.
and cavalry, it is evident that whencver thefe two fpecies
of troops engage each other, the fafeft method for the in-
fantry is to alt on the defenfive, endeavouring to prevent
the cavalry from furrounding them and charging their rear:
they fhould therefcre take pefleflion of fome Gtuation hat
is naturally ftrong, or may be eafily made fo. EBu® if no-
thing like a breafi-work can be found, ihey ftheu!d form
the beft manner for kezping the enemy at a"diftance by a britk
fire, in order to enable them to execute the manceuvres beft
calculated for fecuring their retrear.  In (hort, the difpofitions
of infantry confift in their order of march, ane in regulations
for keeping up a heavy fire in time of action.

Cavalry will have a great advantage over infartry when
the latter are pofted on a plain, urd expofed to be charged
the inftant they have given their fire, cr bezin to ke in move-
ment; or when thev are drawn u. in fuch 2 manner, that
they cannot well fuftain the fhcck o a cha. gz, as three ceep.

192. Under the name of fiel!-ar.illery are cLinpretiended
the royal regiment of aniilery, the guns «i h thr smmu.
nition, horfes for drawinz them, ard drivere for taking care
of the horfes. Hence, from the nunker of carriazes, 2rtil-
lery cannot fubfit long in a couniry where foraze 1s fearce,
The roads for artillery ought to be wide and goed, and the
bridges ftronger than cither for infaniry or cavalry ; them,
the common rate of marching arntillery is from 54 to 17
miles a day, and with the fame expeditiocn as inantry.

When guns are pofted in the front line of ap army that
is advancing to the attack, the ground fhould be icvel and
open, that they may preferve the p.fts afflizred to them in
theintervals of the troops : in inclofed countries, hey fhruld
be precceded by a number of picneers and carpenters for
filling up ditches, making bridges, cutting down hedzes,
and opening roads : yet fometimes in {,ie of every exertion,
they cannot reach their deftination, *and are frequently much
embarrafled to keep their proper flations,  Hence it r+fults,
that artillery cannst a:ways take the fame route as infantry,
por accompany them on every expedition. o

When the army halts with an intention of giving battle,

ot
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remains in a fixed poft, the are drawn np at the*
jlrhneeofsono s&;mm%hm

193. To leflen the difficulties th:tmfefrom!lnehdneft
lgefudaorthe unevennefs of the country in offenfive
&mﬁoﬁs,thcgumﬂmw be made lighter; but not in
fuch a degree, as render (heir effeéts uncertain, The!ind
prs. defcribed in the preceding trearife charged with
sstweng!uo!theﬂmmmmmmgubkwnmho& the
common lmth and are fufficiently reinforced to refift the
explofion, e&th:!hotmththcreqtﬂiﬁefomfwbl-
lingmmmdh«m In a word, pieces of this kind will
I{ dequate to every purpofe of firing round or cafe-
Mot; t'nguﬂbepmdwlhcdnhsmmddifpcﬁdm;oflhc

A round fhot, fired againfl a body tm?

m order for battle, can dulroy th one file

men, whatever be its diameter or velocity. But, if

fo as to enfilade the fame body of men, or againfl a
¢olumn, it will do execution till its force be entirely l‘pen!.
its effeéts are then in proportion to its diameter and ty.
For it was proved in the Treatife on Projectiles, that
effefts of (hot are in a ratio compounded of their diameter
and the fquare of the velocity with which they impinge: and
in the preceding treatife, it was demonfirated that the initial
velocities of 8 and 4 Ib. fhot being equal, their effeéts when
fired againft a body of men near to them, are in the ratio
of their diameters, or as 5 : 4; but in long ranges, the refift-
tance of the air being greater to thot of fmall than to thofe
of larger diameter (Treatife on Powder); the remaining
velocity of a 4 pr. will be lefs than that of an 8 pr. and its
effe&ts as 1 : 4. Each man may be ftruck in front or flank,
in the moft (olid or lealt refifting parts of the body ; it is
impoffible therefore to afcertain the exa& number of men,
that one fhot will kill or maim : ‘the only point that can be
afcertaned is, that a 4 1b. fhot difcharged from a light 4 pr.
with 1§ Ib. of powder and well wadded, firiking a column
of infantry in the lealt advantageous circumftances cannot
deftroy more than 30 men ; but under the moft advanta-
geous circumftances may kill ‘or wound more than 6o.

195. Inaction, cafe-{hot is fired from 8 and 4 prs, when
the enemy is at a dittance of about 170 ljyards, and drawri
up with fuch an extended froat that it will do mare execu-
tion than round fhot. The number of men difabled by :fne

CRICw
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To give an idea of the advantage that the artillery has in
this cafe ; let us fuppofe the enemy to advance in quick time
or at the rate of 8o yds. in a minute; the guns will eafily
(196) make three dilcharges in a minute without being an-
noyed by the enemy, whofe firing has ceafed ; fo that while
the infantry is marching the diftance of 170 yds. to attack
the cannon, they will be expofed to fix rounds of cafe-fhot
from each gun, which will be more deftru@ive the nearer
they approach. - . : '

201. Artillery when oppofed to cavalry, and covered in
front by a broad and deep ditch, and fecured in the rear by
chevaux-de-frize, &c. has greatly the advantage ; but when
from the nature of the ground they are entirely expofed, the
flanks and rear thould be covered by deiachments ot infantry
or in fome other manner. -Each gun thould be fired twice in
half a minute, being the time that cavaity takes to gallop
at full fpeed over a fpace of 170 yards, which is the greateft
velocity that cavalry can charge with.

"+ Guns of the largeft calibre (hould be oppofed to cavalry, as
they proje& a greater number of fmall balls, and with round
fhot do more execution in enfilading {194). :

202. Thefe feveral fpecies of troops compofe the bulk of

armies; and from their folidity and mutual {upport whien
properly combined together, are deftined for all great mili:ary
operations.
" There are other troops, which differ much from the
former in their fervice and method of fighung: they are
ditinguithed into light-infantry and light-cavalry, and are de-
figned to a& by detachment ; for fecuring the tranqu.:ity of
the camp ; covering convoys ; beating up the enemy’s quare
ters ; and harrafling them on marches. On them devulve
all the more minute duties ; but as they are never accom-
panied by artillery, it is needlels to examine their conftitu-
tion more particularly. ‘The neceffity of being acquainted
with the method in which the fevcral fpecies of troops that
compofe armies can act, and be combined together on marches
and in action, according to the nature of the ground and the
difpotition of the enemy, will from the perufal of this chapter
be obvious to every officer.

CHAP
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“Tn' ure, it is clear that the whole advantage lies'
on the ;mwmwmy
sy :f ﬁmaak, by Gipesioney Felte withwhe-
. but T with |
up three or four deep ; ﬁw
mmmmu.ur or 40 n
\gnmlmwt among’ lhnnil ;hu tM

mﬂm ;re gzrfr:;n éoﬁnh m :lh
difcharge : e infantry may hm
mlw than that of the artillery from the ne-
mi the gun every time to enfure execution :
“always continue firing in proportion:
:w humberdf'mn that remain, whatever lofs they may
mnanm the fire of artillery decreafes ina
greater ratio : ‘thus, if half'of the gunners be difabled,
g;m ﬂwm:m *quaruphcrem gmwmhn.
if*a body of infantry be drawn up 4 deep at 200 or
uo y:rdl from a ﬁeld-bi , or hpoﬂul m
Oﬂﬂuy will be mmgﬂedmdiww zl’let
pofing gun to gun. The idea which the
men have without due refletion adopted, of the vaft
of artillery has nota little contributed to increafe its eﬁ&;
even veteran troops have under the influence of this terror been
ihcapable of improvini the advantages they had obtained ;
and new levies have been known fhamefully to turn their
Backs at the very réport of the guns and whiftling of the fhot 1
for when fhot are not perfeélly fpherical or are full of cavities
they make a hiffing noife in the air, that ftrikes a panic into
raw or unfteady troops ; and the horfes and drivers can with
great difficulty be prevented from running away.

200. In the third cafe (198) the artillery has evidently
the advantage ; for they can fire fafter than the infantry, and
each gun proje&s at every difcharge a greater number of balls
than the ten files oppofed to it (1g6).

When the infantry unable to bear any longer the galllng-
of the cafe-fhot, ceafe firing, and advance to the charge
the artillery fhould profit of “their error and fire as taf¥
as poflible, putting over the cafe two or three round fhot if
‘the enemy be drawn up very deep. In doing this there is no
reafon to be afraid of buriling the guns conftructed an the
principles laid down in the preceding treatife. o

. ‘ . L w @
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portion of each fpecies of troops; taking care to diftinguith
thofe deftined for the grand operations of war, from thofe
that are to carry on the petite guerre : for if the light troops
be too few in number, the firength of the army inflead of
being preferved entirely for great occafions, will be exhaufted
by the daily fatigues they muft undergo: on the contrary,
too numerous a corps of light troops militates againft the
maxim laid down in the laft paragraph.

206. 'When the theatre of war lies in a very moun-
tainous ‘country, the army fhould confift folely of infantry;
to whom may be attached fome 4 prs. to be placed in
fortified pofts, when fuch points of fupport are neceflary
in a defenfive fyftem. But no artillery thould accompany an
army that is to alt offenfively in a mountainous country,
unlefs it be to occupy an intrenched poft in order to cover
the operations of the troops; to attack a ftrong intrench-
ment to which it is praticable to bring up cannon ; or take
advantage of fome commanding eminences to diflodge the
enemy.

207. In flat countries interfected by rivers, canals, ditches,
hedges, defiles, &c. the army fhould be compofed of in-
fantry, dragoons and artillery; the train of artillery confifting
of a few 4 prs.

In open champaign countries, the train of artillery may be
more numerous and confift of pieces of larger calibre: the
principal ftrength of this army fhould lie in its cavalry ; fince
by their means the general will be mafter of the country and
oblige the enemy to keep clofe to his camp, or cover his
convoys and foragers with large detachments; which will
greatly harrafs and weaken hisarmy.

208. The proportion between the infantry and cavalry
depends alfo on the nature of the country.” In flat exten-
five countries, the cavalry including the light-cavalry may be
eftimated at § of the whole army ; this number diminifhes
fucceffively to 3, 5, +'s in proportion as the country becomes
ftronger; till at length cavalry is totally excluded and their
place fupplied by dragoons; who may amountto ' of X
of the army, when the tountry though level is very firong

207 }. : .
( 221);. The number and quality of the troops being thus
determined, they are formed into what is called an order of
dattle, The fult line confifts of at lcaft half of the b;it(:a-
' ns
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Lons and s: the remainder are in the fecond
lines and &afmluem a corps de referve or third line,
but lefs numerous than either of the others. Each line is
fubdivided into brigades ; the brigades of infantry confifting of
§'or'b battalions, and thofe of cavalryof 8 or 12 [quadrons 3
cach brigade is commanded by a major general and a briga-
dierj 'and every two or three are under the orders
of a lieutenant general. The light nozlgum a feparate
arcam'det'me’dummd of a general or field officer, whole
rank- is in proportion to the firength of the corps. The
ghief command of the army is given 1o a captain general ;
who has under him a general of cavalry, when that body is
pumerous,

24!
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. 210, T‘H‘E number and calibre of guns for compolfing
a train of artillery to accompany an army in the field, is
determined by the hature of the country, the fyftem of opera-
tions, and the number of the troops ; in order that the artillery
roay augment the réfources and fupport the difpofitions of
the commander in chief, without caufing the leaft delay or
embarrafiment. :

211. When the fcene of operations lies in an open cham-
paign country, the train of artillery is the largeft (206) : it
has for a feries of years been cuftomary to reckon one gun
for every thoufand men ; thefe picces are worked by the royal
regiment of artillery. ~

But during the war that commenced in GERMANY in
1740, field-pieces were attached to each regiment of infantrz:
they were ferved by them and comprized in the ftores of the
regiment. As feveral other nations have adopted this maxim,
it Wi be for our intereft ta add to the ftrength of our in-
fantry by purfuing the fame plan, if ever we have occafion
to aét againft any of them in a champaign country ; not-
withftanding the expence and trouble that fuch a quantity of -
artillery muft occafion.

_ In flat but very flrong cauntries, where the obje&t is nog
fa Lring on a general action, but by marching and manesu-

vreing
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vreing to occupy advantageous pofts; the principal point to
be confidered is celerity of movement (204): wherefore,
the army fhould be difincumbered of the battalion gunsy
the train of artillery diminifhed, and the nature of the guns
adapted to the ufe for which they are principally defigned,
and to the condition of the roads and bridges; that they
nay never retard the march of the troops: in hilly countriesy
their number thould be farther dimithed.

In mountainous countries, the ufe of artillery thould be
entirely fupprefled, unlefs fome poft of importance is to be
ocoupied. From a defire of carrying cannen with troops
that are to a& among mountains, fmall guns weighing from
I to 2 cwt. have been invented, and are tran{ported on the
backs of mules; but the advantages reaped from them are
inadequate to the expence and trouble attending them.

212. For the fake of laying down fome rule for formin
field trains; let us fuppofe an army of forty battalions an
as many fquadrons, making in the whole 30,000 men,
affing in a flat open country, with an intention of feizing
every favourable opportuni?' of coming to a&ion. In this
cafe, befide the 4 pr. battalion guns ferved by the infantry,
there ought to be twenty-five 8 prs. weighing from g to 10
cwt. each; four 16 prs. weighing from 17 to 18 cwt. ; and
four howitzers ; with a proportion of ammunition, from go
to 120 rounds a gun (one third of which (hould be cafe-
fhdt) ; carried in tuambrils ; with a certain number of waggons
for the mufquet cartridges and flints; to this muft be added
a proportion of intrenching, black-fmiths and carpenters
“tools. That the fervice may be carried on with regularity and
difpatch, draught horfes fhould be purchafed, drivers inlifted
‘g;’) and formed into a corps under officers and non-commif-

oned officers: the number of horfes is regulated by the
‘guantity of ammunition, &c. never allowing more than
g4 cwt. to each pair of horfes befide the weight of the car:
riage ; that they may not be worn out before the end of the
champaign. The guns are diftributed into brigades of 5 or
6 pieces each, to be employed together or feparately, as oc-
cafion may require, with a detachment of artillery-men to
ferve them.
~ Let the twenty-five 8 prs. be divided into five brigades ;
the howitzers and 16prs. will form the fixth or park bri-
“gade; which is referved for cannonading works that cover
brigades,_and ftrong pofts of all kinds ; and for firing againft
T cavalry,
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Horfes for one officer, two non-commiffioned offi-
cers and a farrier ... bt 4

Number of horfes forone brigade 84

Befide the above, two country carts drawn by two pairs of

oxen for carrying more intrenching tools, and the officers
baggage belonging to the brigade.

When the brigade confifts of 4 prs. two horfes are allotted
for each gun, and four tumbrils for the ammunition ; the
veft as above. Should the army move to a diftance from the
arfenals or fortified towns, a large depot of ammunition both
for infantry and artillery ought to. be brought forward and
lodged in fome caftle or walled town under the care of a de-

-tachment of infantry,

z14 The
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- 214. The detachment of artiilery for the fervice of each
brigade confifts of a captain and two or three fubalterns; fix
or cight non-commiffioned officers ; ten cr twelve artificers §
with eight or ten gunners to each gun, according to its ca-
libre, and a condudtor of ftores for taking care of the ammua
nition, &c. All the brigades are commanded by a field

- officer, who has under him an :djutant and two afliftants.
The commiffary. general of artillery detaches a commiffary,
to make the iffues and purchafes during the campaign.
»"215. When a broad river runs through the country in
which the army is to a&, a fufficient number of large boats
are provided for making bridges, and are left in the water till
wanted. '

When there are {everal {maljer rivers, a number of pone
toons accompany the army, carried on proper carriages, with
baulks, chefles, cordage and every thing requifite for con-
firucting bridges : an officer of the artificer-company with
a party of artificers has the charge of this duty. ‘The num-
ber of pontoons is regulated by the bridges there may be a
aeceflity of making, and by the breadth of the rivers : thz
common calculation is a pontoon for every 16 feet of breadth,
befide the two for the centre; if the river be navigable,
‘The conftru&ion of thefe bridges has been already men-
tioned / 37).

216. The following is a proportion of pontoons, &c. for

dJaying a bridge over a river 3co fect broad, .

. Pairs of
Oxen.

“T'wenty pontocns mounted on Carrages  wvevenin 606

Twenty-four carts carrying 360 chefies or planks
13 f}eet long, from 10 to 14 inches broad, and 2 24
inches thiek e e
Fifteen ditto, carrying 120 baulks from 16 to xS} 15

feet long, and from 4 to 7 inches thick  weeeeen..
.Eight ditto, 1o anchors and cables, fheer--]incs,i 8
-6 capftans, artificers to0ls  .coccrmininiiiniinsiann e,

ettty

Number of pairs of oxen 107

st gty

Inftead of pontoons, boats made of leather are fometimes
carried in waggons folded up; when wanted for ufe, they

are (tretchied out with crofs pieces of wood, and 4 axlc~trcc§
fixe
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rom the en meuﬁdutifit be dry and abounding
with woed, water, hay, and ftraw: but the other camps
‘that the army may occupy in the courle of the campaign,
independent of thefe requitites, muit in other refpeiis cor-
refpond witi the views of tie general : the firit obje@ is the
fecunity of the troops; wherefore, .

1. There (hould be in the front of the encampment
a fpot fpacious enouyh to draw up the whole army in
two lines, and to engage without being embarraffed
by the tents.

2. The front and flanks fhould be covered by houfes,
villages, rivulets, ditches, ronds or ravines, which.the
enemy cannot pafs in order of battle.

3. Above all, the rear of the encampment fhould be
fcured, and a free communication eftablithed between
the magazines.

4. Any villages, houfes, or high-grounds near the
€amp, thould be uccupied by ftrong detachments. if

5 . i - 5 " & s.

™
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5. If the camp be interfeGed by canals, ditches,
rivulets, or other obflacles to a free communication
between every part of it, bridges fhould be laid and
patlages opened, that the whole may eafily move to the
Yupyort of any part that is attacked.

218. In nothing is the ability of a general more confpis
cuous than in the choice of his encampments; and few
circumftances have conduced more than this to gaining
the moft brilliant viQories ; but as the full difcuffion of this
interefting part of taltics would be foreign to the purpofe,
our obfervations will be confined to a few points.

(FiG. 10, Pl. 6) The fixth plate reprefents a common
encampment of 40 battalions and 40 fquadrons ; A, the en-
campment of the firlt line ; B, that of the fecond, diftant
from the firt 6 or 800 paces; C, brigades of infantry of
five battalions each; D, brigades of cavalry snd. dragoons
of 10 fquadrons each; E, the park of artillery; F, head
quarters ; G, the village whence the camp takes its
name ; H, ground for the firft line to draw up in order
of battle, diitant from A at leat 600 paces ; I, ground for
the fecond line to draw up in.order of battle; K, houfes or
barns occupied by the advanced guards of infantry; L,
advanced guards of cavalry, as pofted during the day; M,
points to which the cavalry retircs during the night to be
covered by the infantry,

As many paces are allowed for the front of each battal. -
fion as it contains files ; and an interval of at leaft 20 paces
is left between every two battalions of the firft line, that
thatfe of the fecond line may, if neceffary, pafs through them
and form at |,

As many paces as there are files in each fquadron and
one half more are allowed for the front of each [quadron ;
with.an interval between every two of at leaft half the front
of a fquadron, that thofe of the fecond line may pafs without
intersuption, and form at I. This difpofition is nearly
regular when the ground is level and open; butis deviated
from, if fuperior advantages can be gained by a different
pofition, or ths fafety of the camp better fecured. When,
one flank is covered by a ravine, river, kake or impaffable
morafs ; and there is on the other a flat open piece of
ground, all the cavalry is encamped on this flank.,

219. This mode of encampment has been generally prace
tifed ?o: thefe two laft cen_turiezs; but in the defenfive fyftem,

othes
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* other modes are adopted, fuch as the cloje and the-extended
amp. In the clofe camp, the army is encamped ini-thres
mm;ﬁ and with :n:n?.mw fquare or
» Wwith lirtie | the y

g
L
areona 0
Mmmmmnmw that the ene ——
numerous, cannot furr camp or cut off

ies. In the extended camp, the whole army is

r one line ; when from fituation or circumitances they are
under no henfion of being attacked, and wifh to pre

his order'of march | they are put in the

roads, and iyl ¥8 ) ol
fufpected country, they are efcorted by a competent num-
ber of infantry or cavalry, as the country is more or lefs
level or mountainous.

The commanding officer fends forward the quarter-mals
ter-and camp-colour-men early in the moming to the village
where he intends to halt, in order to prepare quarters and
forage, and mark out a piece of ground for the park,
When the brigades reach the army they are drawn up in
four lines on the ground pointed out by the commander
in chief, with 6 or 8 paces between every two carriages, aud
20 paces between every two lines ; that the horfes may be
harnefled and the march refumed without confufion: the
guns, lightewaggons, and fpare-carriages in the firft line;
the tumbrils in the fecond ; the ammunition-waggons in
the third ; and the waggons with the intrenching tools and
the forge cartin the fourth : the brigades are called after
the captains that command them, and are drawn up accord-
ing to [leniority ; the firft brigade on the right, the fecond ot} .
the left of the firft, and fo on fucceffively to the laft, which
is generally the park brigade, I
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To front of the park and about the centre, a quarter-
guard is placed fufficiently numerous to furnith centinels ;
and two alarm guns are {tationed there, and kept unlimbered
with a lighted match to give fignais for the ariny to get
-under arms. The non-commiltlioned officers and foldiers
tents are pitched on each flank of the park. at the diftance
of 20 paces from it; and 40 paces in the rear are pitched
the officers marques in two lines. At fome diflance in the
rear of the marquees, the horfes are picketed intwo or more
lines with the tents of the drivers, &c. on the flanks.
221. The brigades being arrived, the commanding offi-
cer makes his report to the commander in chief, and waits
on him every day for orders ; and the adjutant goes every
day at orderly time to take the detail of duty. When the
camp is pitched the artificers examine the carriages, and
the condullors of horfe infpe& the harnefs; at the fame
timg the condulors of ftores examinc the tumbrils and
_ ammuniticn waggons of their relpective brigades, to fee if
any thing has been damaged or difplaced during the march.
‘The officer on guard over the park fhould go his rounds
two or thrce times during the night, and caule them to be
repeated by the ferjeant and corporal of the guard :. he thould
alfo take care that the cooking places are at a diftance from
the park, and all fires extinguifhed at fyn-fet, and even
during the day if the wind blow hard. The next morn-

- ing before the guard is relieved, each-conductor goes round
his brigade attended by a noa-commiflioned officer of the
guard, to fee that nothing hus been Rolen ar broken during
the night.

222. When the park of artillery is placed between the
firt and fecond line, it is fuppofed that there is no danger
of being attacked: (Fig. 10, Pl. 6) but when the vicinity
of the enemy’s army renders precaution necellary, the bri-
gades of artillery are polted between the brigades of the firt
line of infantry, and on tae flanks between the infantry and
cavalry, Each brigade is then fubdivided: one part con.
filts of the guns, light waggons, fpare carriages, and tum-
brils, with the officers and greater part of the gunners; the
carriages are drawn up in two lines in the intervals of the
firk line of infantry, with the mens tents on the flanks, the
officers marquces in the rear, and the horfes and drivers
behind them : when 100 paces are allowed for the front
of <ach brigade, this difpoﬁtionZ is called the artillery drawx

. 3 y’
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- rear woarch the detachment in

~mines in how many columns the army ought to be m
that the mmhmaybc L expeditious, and the
. foon fm in order of battle, in cafe of an attack on
;Jl\ow mh column fhould be compofed, :ﬂ!il:kh
Ooax take,

fm\ there are not roads enough for the feveral columns,
 the cavalry crofs the fields, and the infantry farch on the
toads , the columus of artilery on the broadeft and beft.
The light tsoops are feut forward early in the mor to
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are fupporte a confiderable E '
tenﬂed’ to guard the new en-

~gaipaeity with the camp-colour-men that are to mark it
out. ﬂlznt if the enemy be at a diftance, lﬁe ur-
men afleabie ata cemun time and place, and | with

Ilie camp-guard, and the quarter-mafter-general tnder the
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orders of the general of the day, towards the new encamp-

ment. On their arrival, the quarter-mafter-general marks

out the camp, and the general of the day pofts the neceffary
uards.

8 Each column has a front and rear guard ; the ftrength of

the detachment that covers the artillery and baggage is deter~

wined by circumftances.

224. When the drummers beat the gemeral, the quartera
walter and camp-colour-men of the artillery repair to the
place appoined for their affembly, and accompany the other
camp-colour-men to the new camp ; apd every thing is
prepared for the march, "

At the beating of the general, the artillery-men ftrike their
tents, pack their baggags, and harnefs and bridle the horfes
st the {econd fignal, or the affembly, the horfes are put ta
the carriages, and they are all drawn up ready to march;
and at the third fignal, the wh.le move into the place
afligned to them in the order of march. The brigades
march according to the feniority of their captains, with the
Jight waggons in front; then the guns, the tumbrils, the
ammunition waggons, waggons with intrenching tanls, and
laft of all the country waggons and forge catts.  Each cap-
tain with the greater part of the gunners marches at the head
of his brigade; a fubaltern with 2 fmall detachment in
the rear; and another detachment under a non-commiffioned
officer on the flanks near the ammunition, which is alfo the
ftation of the condu&or of ftores. The artillery column is
preceded by fome pioncers taken by detiuchment from the
feveral brigades ; and fome artificers to mend holes in the
yoads, cxamine the bridges, repair them or lay down new
ones, and open avenues into the park, in cafe the camp.-
solour-men have not had time to doit. When the bri-
gades reach the new encampment, they are drawn up ag
before.

225. The feventh plate reprefents an army on its march
in five columns from the encampment A towards B: ( Fig.
11, Pl. 7) the centre column of artillery C is preceded by a
brigade of infantry D, and followed by a part of the bag-
gage of the army : the remainder of the baggage F forms
the fourth column with two brigades of infantry in front}
H, the van-guards of each column ; I, the rear-guards ; K,
the new encampment and the camp-colour-men ; L, light
troops detached in front to reconnoitre.  When there is’any
: Z 3 apprehention
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fafety of the troops.

m%:s s fhould be difpofed in 3 fecond
guns, in order to be ready for adtion, =
226, If the army in marching from the camp A towards
B mult pafs through a defile, and the enemy is pofied on
the other fide, thé mouth of the defile fhould be occupied by
fome grenadiers and other chofen troops, with a few pieces
of cannon; under favour of which, the column on coming
out of the defile may deploy in order of battle.

When there is a neceffity of croffing a river by a bridge,
and the enemy is at hand to difpute the paffage, feveral pieces
of cannon fhould be planted on the bank of the river to the
tight and left of the bridge, fupported by fome battalions,
under cover of whole fire the army may crofs the bridge,
and form in order of battle on theother fide. Intrenchments
thrown up to proteft the army in pafling the bridge, thould
be lined with cannon and mufquetry, Whenever the river
is fo broad as to render the fire from the oppofite bank of
no effedt, an intrenchment fhould be thrown up, and

embrace a large extent of ground’;’ the better to enfure the
" The
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-~ 'The army that attempts to pafs through defiles, or crofs
bridges in the face of an enemy, ought to be greatly faperior
{n number.

227. An army in retiring from the camp A towards Q,,
is under a neceflity of pafling through a defile, and the enemy
is at no great diftance ; the defile ouﬁht previoufly to enlarged
to render the march more fecure: when that Is impra&icable,
fome chofen infantry with a few pieces of cannon fhould be

ed on the fides of it. In cafes of particular danger, a

ng entrenchment muf(t be thrown up at the entrance of the
defile, or at leaft a chain of redoubts at proper diftances from
each other, lined with cannon and mufquetry ; thearmy fhould
then retreat by night, and draw up in order of battle after
having paffed the defiles, to receive the artillery that covered
the retreat; and the infantry that was left in the intrench-
ment will form the rear guard.

When the army in its retreat muft crofs a bridge, a de-
tachment fhould be fent forward to throw up an intrench-
ment to cover the bridge; a large body of infantry thrown
into the work before fun-fer, and cannon planted on every
point on the other fide of the river that flanks the intrench-
ment. During the night, the remainder of the army thould
crofs the bridge, and draw up on the other fide of the river
in order of battle, to receive the corps of infantry that was left
in the intrenchment; and when the whole has paffed, the
bridge fhould be broken down. T his manceuvre ought never
to be pradtifed but in cafe of neceflity, unlefs the intrench-
ment can be made of a very refpeitable profile.

CHAP. VL

OF BATTLES AND GENERAL ENGAGEMENTS.

228. AN order of battle is the moft advantageous dif-
pofition of the battalions, fquadrons and artillery, that com-
-pofe an army, relatively to the nature of the ground, the
number of each fpecies of troops, and the ftrength and pofi-
tion of the enemy: hence itis eafy to conceive, that the dif-
pofitions and combinations of troops may be infinitely varied;
but as it would be forcign to our purpofe to enter into a par-

Z4 ticular
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the affailants, as to give a moral certainty of,
the attack w“::c%"“ lofs to the ecnemy, and but litgle 10
themfelves : thefe cafes excepted, it is very hazardous to
receive battle in a pofition merely defenfive,

The oblique has by the moft able generals been preferred
to the parallel order, whenever the ground admitted of it;
fince it affords an oppoertunity of difplaying the moft mafterly
and confummate knowledge of tatics, and is the beft adapted
to an inferior army. . .

230. From the definition of the feveral fpecics of , troops
(Chap. 1.), it is eafy to imagine a variety of orders of battle
adapted to cemain fituations: but the primary object. of
every general fhould never be loft fight of; viz. of providing
for the fecurity of hisown army before he attacks the enemy:
wherefore the diftribution of the troops and the figure of the
qrder of battle fhould form a kind of 2 maveable fartification,
“where all the parts mutually cover and defend each other g
and each fpecies of troops {Hould be pafted in the precife fpot
where they can a&t with the greatelt energy, and occaﬁon‘ha:lly

ge
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change their operations from defenfive to offenfive : cavalry
tor inftance, fhould be pofted on level and open ground,
that they may perform the neceflary evolutions without im-
pediment or cmbarraffment (189g).

The artillery thould be drawn up in the beft fituations for
enfilading the oppofite atmy with round fhot (194), or firing
cafe: thot wgainft their front (195). 1n advancing with the line
of the arny, the ground in front fhould be level and open
(392): this circumftance is not very material when the army is
not to advance, but receive the enemy in their prefent pofi-
tion; it will then be fufficient, if their rear be fecured by ditches
or other obflacles againft a charge of cavalry.

Finally, the infantry which is the foul and firength of every
difpofition, will be advantageoufly pofted when they are
drawn up three or four deep behind fences ot holiow ways,
whence they cankeep upan inceffant fire and manceuvre freely
- or fome paces bebind the creft of a rifing ground, which may

ferve as a kind of parapet: ‘when they are to-advance to the
attack, the ground in front ought to be open; and that pare
of the firft line which is to charge ought to be formed with
very deep files or in column, not expofed to be taken in
flank by the enemy’s artillery.

231. The diftance between the firft and fecond lines is
300 or 400 paces; with the corps de referve, 2co paces in
the rear of the fecond line; or between the two lines, in
which cafe, the diftance between them is increafed to 400 of
500 paces. When the army advances in line, an interval
of 20 or 30 paces is left between every two battalions, to
prevent them from crouding the files, which generally hap
pens when this precaution is negleted; but thefe intervals
are unncceffary when the army is to receive the attack : 8
or 10 paces are left between every two guns,  The intervals
between the fyuadrons of the firft line fhould not exceed nor
be lefs than balf the front of one fquadron.

In making a long charge in line, the fquadrops fhould
never touch each other, fromn the almo(t ablolure certainty of
their being in diforder before they reach the eneny.

232. (Fig. 12, Pl. 8) AB is an army drawn up in the
‘parallel order of battle, toengage the £irlt ine of the enemy’s
CCy and may be fuppofed to be acting eithzr offenfively or
defenfively.

(Fig. 13, P.8.) The arm( Is drawn up in a parallel
erder of battle defenfive; in this difpcfition the right wing

Gy
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‘hen two armies engage: in one or other of thefe.or-
ders,. it is called a pitched battle ot gemeral emgagement: but
when from the nature of the ground, the troops cannot be
drawn up in either of thefe methods, but are obliged to en-
gage one after the other in a very confined fpace, it is
termed an adtion. T he difference then between pitched battles -
and altions coafifts in the iffue of a pitched battle being al-
ways very deftrucive to the army that is routed : whereas in
ations, the viCtory decides but little ; though perhaps the lofs
of men may be much greater than in a general engagement :
for which reafon, the ableft generals have endeavoured to
avoid actions ; and when they have been forced into them,
it has been owing to fome accident, which the moft fkilful
difpofition and wileft precautions could not guard againtt.

The principal maxim s, to adapt the difpofition of the troops
2o the inequalities of the ground, in fuch a manner tbat they can-
not be taken in flank ; but may be able to attack in front and
Sflank, or at leafs oblxqwly the enemy’s army: and to bring inte
allion a greater number of men than the enemy can oppofe te
them ; thns is obtained by drawing up the a'my with a morg

. gxtended
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in the rear, not to endanger their 'hlo-tmal v
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b fends ¢ the'depdt (222) for more ammunition, and
forms the commanding officer of His hﬂ'umiw

236, To derive the greateft advantage from amillery, the
firing fhould be brifk and without coniufion ; and the wumoft
attention’ paid 1o loading and laymr: the guns, thet the fhot
at the feveral diftances may reach the enemy: an officer
will thew his judgment by cannonading that part of the
enemy’s difpofition, which it is of the moft confequence te
throw into diforder; or by firing cafe-thot, when the dif~
tance and other circumftances permit.

Confufion in the fervice of artillery arifes either from the
want of a proper diftribution of the men; from their auk-
wardnefs ; or from their being feized wnth fear, or a {pecies
of delirium, under the influence of which they are defirous of
firing with the utmoft precipitation. To prevent which ;

1. The artillery-men fhould be exercifed every dzy
till thej have habitually acquired a fuperior addrefs in
the management of the guns, according to the plan of
exercife laid down in the fchool-praitice : for if every

w afficer takes upon himfelf to alter the mode of exercife,
it muft inevitably lead to confufion; particularly when
the men are changed from one bngadc to anothcr The

8. T
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3. The thén fhould be pofted to the refpeive guns,
each man informed of his particular duty; and the ad-
ditionuls pracifed in dragging them.

}. The officer fhould ever preferve an air of coolnefs
and tranquility, and employ arguments rather than e
haces, to encourage the timid, and reprefs the ardour of
the violent; punifhment fhould not be ufed but in the latt
extremity.

. The guns fhould fire flowly at firft, by which meansthe
foldier not being ‘flugried at the onfet will preferve his pre-
fence of mind in the heat of the-engagement, and perfom
his duty with coolnefs and alacrity. R S

237. The brigades follow the movements of the infantry,
preferving the proper intervals. In theanean:time, the wag-
ans and ammunition carts, that are in front’ of the fecond
ine, fullow the gunsatthe diftance ol 250 paces, till the conteft
isdetermined. If the enemy retire, the carriages are brought
up and the guns limbered to follow more ealily the move-
ments of the aimy: but if the iffluc be unfavourable, the
captaine commanding the brigades, when ordered to retire,
exert every means in their power to [ave their guns, though
prefled by the enemy : witha view to this, they ought to have
examined the roads, bridges and other avenues, previous to
the alion. When all retreat is impradicable, the guns
thould be fpiked or rendered ufclefs in fome other manner,
the ammunition blown up, and the principal articles deftroyed
or carried off. . :

238. The commandirg officer of artillery, who has al-
ways remained with the commander in chief, fhouid have
~ foreteen the fatal moment of defeat, and have g.ven fuch
directions that the guns may not on the retreat, embarrafs
the movements of the trops. On the receiving the order
to, retirey he will caufe the depdt that is flationed behind the
fecond line to move inftantly, and all the brigades of the
firt line to reure by the roads pointed out to them. He
will in petfon repair to the fpot where there appears to be
the greateft difficulry and danger, that by his fuperior know-
ledge and experience he may extricate his officers and men
out of the fraight to which they are reduced; and as the
limbers are fometimes broken and uklefs, he will apply for
an additional number of infantry to affift in dragging off the
guns, The brigades and depéty, fhould repair as falt as

poflible



pravifions, and are ge difpo
tipns gnd precautions ufual in' fie , " SLETE SEn
‘ayn. Field-fortifications are conftru@ted either with a view
of covering an army that withes to avoid an engagement, or .
feeuring its retreat; of occupying fome important poft, to
impede or fruftrate the encmy’s defigns ; or of forming an
intrenched camp in the vicinity of a fortrefs, to'rerider a
flege difficult or imbracticable. Thefe fortifications are diftin~
gatthed into natural and artificial : in the firlt clafs, are ranked
heights that the enemy with to get poffeffion of, at the fooe
of which are hollows-or fences that are commanded : und
eminences, houfes, villages and woods near to the camp or
fiel of battle, that may be ufeful as points of fupport, oras
advanced pofts to intrench on.

A potition on a rifitig ground with fteep banks is firong 3
and when on the fide towards the enemy, there be a canal,
river, lake, mortrafs, quickfand, fteep- precipice or narrow
pafs through which the ¢nemy muft defile before he carl:

' attac
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wttack the camp, it is Rill fironger ; indeed fome pofitions of
this nature are found that are impregnable.

241. When the ground is not naturally firong, it is rendéred
fo with field-works: this occurs moft frequently in coun-
tries interfe&ted by large canals or rivers, &c. or in moun- -
tainous or flrong countries, whither an inferior army is com=
pelled to retire from the open champaign country to avoid
being furrounded and cut off from its fupplies.

In field-works confirued on the flat parts of a ftrong
country, one flage of fire is generally fufficient; but in forts
and large redoubts, that are to ferve as points of fupport to
" other intrenchments or as infulated pofts, there ought to be
two ftages of fire. : :

In mountainous countries, from the natural advantages of
the fituation, two ftages of fire may be obtained with listle
‘expence or trouble.

242. In the conftru@ion of field-works, regard muft be
‘almys paid ; .

' 1. To the nature and extent of the adjacent country,
2. To the interior area.
3. To the figure of 'the works, and the mutual fup-
port of the feveral parts.
4. To the profiles of the works.

243+ Thofe field-works are the ftrongeft, which from na.
Yural or artificial obftacles cannot be approached by the enemy
in regudar order (242, No. 1): when the intrenchment can-
‘not be made inacceflible along the whole front, a part of it
at Jeaft fhould be made fo; always keeping in view this maxim
that the flanks be better defended than the front. 'The ground
‘beforethe acceflible parts fhould to a proper diftance, be cleared
of trees, hedges, buildings, and every thing that can give
thelter to the enemy.

244. The interior area fhould be fa fpacious, that all the
troops may encamp in good order, and perform the neceffary
manccuvres for defence without being firaitened for room.
-When the army is encamped in one line, 500 paces are left
between the intrenchment and the tents for the troops tp
form on; and- when in two lines, this diftance js increafed
to 800 paces (242, No. 2).

The front of the encampment ought not to be unnecefla-
rily extended, left there be tco few men to line the intrench-
. ment: when there are any ditches, canals, precipices or other
obliacles to 3 free communication between the fevm{’ p:lrts,
: Fidges
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) I,M depend on the nature of the gro
= ‘before the fort, or a fmaller fort
onle will give two ftages of fire.
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\ are two methods of fortifying houfes, , and
. other large buildings : the omhfgsﬁﬂm»&l
fireets, and windows an the fide of the enemy
and enlarge them on the oppafite fide, to give free room for
the traops to enter for the defénce : the other is ta eftablifh
two flages of fire, the firft from the intrenchment that fur-
vounds the village ; the fecond, from the upper windows of
the houfes. In tracing the intrenchment, an interval of
paves st leait (hould be left between it and the houfes, that
trapps who line the works, may nat be incommoded by the
devaftation occafioned by the enemy’s thot among the build-
ings. When there is a free communicatian between the
wxillage and the army, the front and flanks only need be in-
trenched ; except 3t is intended as an advanced poft, then the
work fhoukl be clofed,
246. Field fortifications may be claffod under three heady
{242, No. ¢)
The firft kind is the moft fimple, and confifts of a parapet
41 or g feet high and 31 feet thick at the tap without ban<
. quette : this is thrown up in places which the enemy can-
ot appraach without being obliced to defile ; but never on
fiat open ground, unlefs the army be hut littls inferior in
[umbss ta the ensmy, b

vulperable ¥ ' -
of tmll{‘f:rt m&d’m fecure nks,
ints of fupport udnm“m:t%f
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. “The profile of the fecond kind confifts of a parapet 71 feet
high and 6 feet thick with a broad banquetic, that the infantry
may draw up two or three deep, and the troops at the foot of
the banquette be fheltered from the enemy’s fire: the ditch is
from 7% to g feet wide and 4f feet deep. Boih thefe kinds
of intrenchment are liable to be infulied ; or in other words,
expofed to afault without any previous fteps on the part of
the affailant,

The profile of the third kindis a parapet from 12 to 15
feet high, and as many thick ; with a ditch from 20 to 26
feet wide and from 7% to 11 feet deep: this intrenchment
is faid to be fecure from infult ; as it cannot be attacked but
by a kind of regular fiege, by opening trenches and erecling
batteries. A row of palifadoes fixed horizontally half way
up the parapet, or with a flight inclination at the foot of it,
adds much te its ftrength. T'he banquette is from 74 to g
feet broad, that the infantry may draw up two deep anJ main-
tain a heavy fire, when the ground in front is favourable tq
the enemy’s attempting to carry the work by affault.

247. The troops for the defence of the twa former in-
trenchments are difpofed as fellows : ’

1. The parapet is lined with cone rank of infantry,
who keep up the palifado firing when the ground in
front is fo broken that the enemy cannot approach in
order; when the ground is lefs broken, they are drawn
up two deep and fire by platoons. When the ground is
fo favourable, that the enemy may adopt whatever dif-
pofition appears the moft feafible, the infantry are
drawn up 4, or at leaft 3 deep, and fire by word of com-
mand from their officers. In this cafe, the two front
ranks give their fire, and kneel down to give liberty to the
two rear ranks to fire; they then rife and the whole re-
load. Of the various methads of parapet firing, this
is the moft fimple and effedtual, and produces morethan
any other, that folidity and confiftence which forms the
excellence of every body of troops.

2. Befide the troops on the banquette, there thould
be fome pofted in referve at a proper diftance in the rear,
to be ready to move ta any part where they may be
wanted ; and behind the points, where the moft ferious
attack is to be apprehended, a fecond line of infantry
fhould be formed 300 paces from the parapet; with
{fame fquadrons of cavalry, drawn up in the rear cn a

Aa flay
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him a warm reception when he returns to the attack.

3. When the ground is fo favourable to the enemy
that he can by manceuvreing alter his difpolition at plea-
fure and keep the defendants in doubt which part he in-
tends to attack ; fome guns are kept limbered and loaded,

that they may be inftantly drawn to the point of the
greateft danger.

249. In attacking an intrenched camp with a profile of
the firlt or fecond kind, the flanks thould be firft attempted ;
but if their profile is, as it thould be, of the third kind, the
troops muft advance within 720 or 8oo paces of the front
of the intrenchment in the parallel order, and then make the
atrack in the oblique or double oblique order, taking care not
to prefent the whole front to the fire of the intrenchment,
unlefs the enemy weaken fome part not attacked in order ta
reinforce thofe againft which the attack fcems directed.

When any defe& in the works, or the interior of the camp,
that embarraifes the troops in their manceuvres is perceptible,
the weight of the attack fhould be directed againft that part ;

. otherwife
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otherwifey the greateft efforts {hould be made at the point
where the exterior ground prefents fome advantages : the in-
fantry being difpofed in feveral columns, conneéted with
other troops and fupported by a fecond line of infanuy,
with the cavalry drawn up in the rear, ready to gallop into
the. intrenchment the inftant the infantry have entered and
cpened breaches large enough to admit them,

The previous difpofiticns being tade and the fignal given
for the attack, the troops march forward in quick time;
fince it is only by advancing rapidly, that the defendants can
be deprived of the advantages they have over the affailants :
for the fire of the latter is, at the beft, but uncertain; while
they are expofed to a very hieavy and weil-direlted fire from
behind the works: common fenfe and experience agree on
this point. '

25c. In the affault of field-works, it depends on the pofi-
tion of the intrenchment and the nature of the ground where
the troops form, whether the whole or a part only of the
artillery can be employed. 'The general rule is for the artil-
lery to keep a very heavy fire previous to the advance of the
troops, that they may meet with lefs refiftance and penetrate
more eafily. The principal cafes in which artillery is ufeful
in this kind of attack are : .

" 1. When the artillery of the works can extremely
annoy the affailants, a fuperior number of guns are
brought up to filence them ; and when there is any
commanding ground at 200 or 3co paces from the
works, fome infantry is pofled on it to throw in as heavy
a fire as poffible (199).

2. When there are any forts or redoubts with two
ftages of fire within the works, the fire of all the artillery
is direéted againft them to throw the troops that defend
them into diforder; the inftant this is perceived, tiie
infantry advance rapidly to the affault. Red-hot fhot
and howitzer fhells filled with combuftibles are thrown
into intrenched villages or houfes to fet them on fire;
it thould be laid down as a maxim in the attack of towns
or villages, never to let the infantry advance before the
am'llez bas thrown the garrifon into confuficn.

3. Any ground in the vicinix of the intrenchment,
that enfilades or commands it, fhould be occupicd by a
fufficient number of guns to take full advantace of this
favourable circumftance.

Aaaz 4 In
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"n. m}mmd the intrenchment fecures it
from mfuh, a kind of irregular ficge is carried on with
batterics and trenches : thefe attacks are generally di-
re€ed againft the flanks of the intrenched camp,
fome faliant point.

. In battering bridges built of boats, and covered
by redoubts or intrenchinepts, fone guns are brought
to the edge of the river, whence they can bear on the
bridge ; and it the oppofite thore be lined with :muf-

quetry or artillery, a fuperior fire muft be direQed
anamﬂ it, to cover the guns: when the intrenchment
is injudicioufly confirutted, the infantry after the fire
of the artillery has continucd for fome time, fhould
advance and ftorm it. .

. When the enemy having laid'a bridge of boats,
cndeavour to pafs the river; the troops and arillery
that are to difpute the paffage, form oppofite to the
bridge, to entilade the enemy, who having creffed the
bridge in column, will endeavour to deploy in erde;
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of battle; fome puns are alfo planted on the bank to
cannonade the bridge: and if the enemy cover his
paflage by a fire from the oppofite fide, a fuperior fire
muft be eftablithed. It may be remarked here, that
whenever a bridge is to be sttacked, or the paffage of
it difputed, and there are guns on both fides of the
river, if the two banks be not on the fame level, the
troops on the higheflt bank will have the advantage,
when the river is not lefs than a mulquet (hot acroly,

CHAP. VIIL

Or THE QUARTERS OF AN ARMY.

252. IT is cultomary to put the tronps into winter quara
ters towards the end of autumn j and in fome countries, into
fummer cantonments during the great heats of that feafon.
‘They are lodged in the towns and villages, and diftributed
according to the order of battle in which they are ecncamped 3
that is to iay, the troops that compofe the firft line are quar=
tered in the houfes neareft to ti.c enemy, and thofe of the
fecond in the towns in the rear; rcgard is alfo paid to the
pofition of the wings and centre, fo that the troops may on
occafion march forward to the ground that is fixed on for
their general rendezvous, without confufion or danger of
crofling each other in the march. The quarters are more
or lefs extended in proportion to the diftance between the
two armies, and there is generally a river or defile in front.

253.. The brigades of artillery arc generally quartered
together in fome city or town in the fecond line, with a body
of infantry to cover them.

At every halt dering the campaign, the damages were
repaired as far as circumf{tances would admit ; and advantage
is now taken of the fummcr cantonments, to examine and
put every article in a compleze flate of repair, that on any
emergency the brigades may be inftantly ready : the ammu-
nition, &c. is left in the waggons, and the park formed in
the proper order, that the horfes may be haracffed without
contufion.. When the ammunition is carried on beaits of
burthen, it is unloaded and lodged in fome buildinz vot
expoled to fire, and fpacious cnough to countain it witl.owt

mixing



the adjacent country, and j whether it be to
a 5 -main; and wlml‘:‘?i:m bewbag;dy
additional works : he will communicate to the«mmmlii:s
officer of the poft, his ideas upon the plan of defence,
poft his guns at the moft important points, with a propor-
‘tion of ammunition in cafg of attack. ' 5
255. At length, the feafon for military operations being
over, and the commander in chief having ordered the army
into winter quarters in the moft convenient and plentiful
country, that they may recover themftlves from the fatigues
of the campaign ; the brigad:s of the artillery move towards
the place of their deftination under the efcort of a body of
infantry or cavalry, marching and parking as before di-
reted. Being arrived at their quarters, which fhould be
covered from every attempt of the ecnemy, the ammunition
is lodged in the magazines, the carriages put under cover,
and the neceflary repairs inftantly begun: during the winter,
attention fhould be paid to the comfort of the men, and the
forage of ‘the horfes, that the whole may be able to take the
field in the enfuing fpring with recruited ftrength and vigour,
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Page xiv Line 25, for &’QOil read &'l

XV 10, for adopted read adapted
—— 6 Paragraph 18, for cinders read athes
10 37. for fabric read manufalture
85 175, for *243 read <0303, and for 587
read 0606
91 183, for 472, &c. read 400, &c.
157 126, for nx read n x
ditto  ——— dirto, for 1444200 read 149800
158 128, for 2460 read 2490, &:.
302 122, for 40 read 30

| w=— 336 ——— 578, for counter-attack read counter-
approach
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10.
1I.

12.

13.
14.
13,
16.

MILITARY BOOKS,

PRINTED FOR

7. E G E R T O N,

AT THE

Military Library, #hitehall.

ULLER's Works of Fortification, Attack and
Defence, Engineering, Artillery, &c.

. Simes’s Military Guide far Young Otlicers, containing

Parade, and Field Duty, Regulations, Orders, Re-
turns, Warrants, &c. 8vo. 1os. 6d.

Military Courfe for the Government and Con-
du& of a Battalion, 20 copper-plates, coloured, 8vo.
10s. 6d. Co

Treatife on the Military Science; comprehend-
ing the grand Operations of War, and General Rules
for condufting an Army in the Field, 4to. 1gs.
Regulator to form the Officer and complete the
Soldier, 8vo. 6s.

Inftrutor for Non-commiffion Officers and
Private Men, 12mo. 2s. 6d.

. Rudiments of War; comprifing the Principles of Mili.

tary Duty, 8vo. 6s.

. Difcipline for the Norfolk Militia, by Lord Townf-

hend, &c. g2 copper plates, 4to. 12s.

. Regimental Book for the Ufe of the Major or Adjutant,

beautifully engraved, with proper Heads, fol.

Returns for Horfe, Dragoons and Foot; Mufter-Rolls,
Atteftations, Furloughs, Difcharges, &c.

Miller's (Capt.} Art of Self-Defence, on copper-plates,
folio, 1os. 6d.

Orders relative to the Sale of Commiffions on Full and
Half Pay. )

New Exercife by his Majefty’s Order.

Recruiting Book for the Army, 2s. 6d.

New Art of War, by Capt. Anderfon, 8vo. 7s. Gd,

Jones's Artificial Fireworks, 7s. 6d. :

' 17. Drummer”
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. Antoni on Gunpowder, Fire Arms, and the Service of

Artillery, by Captain Thompfon, 10s. 6d.

. Elements of Military Arrangement, 2 vol. new edit. 7s.
. Lloyd’s (General) Hiftory of the War in Germany,

vol. 2. 1l. 1s.

Political and Military Rhapfody

- Cuthbertfon’s Syftem for the interior Oeconomy of a

Battalion, ¢s.

. Treatife on Military Finance, new edit. bound. 3s.
. Inftru&ions for Young Dragoon Officers, with cuts, 3s. -
. Treatife on the Duty of Infantry Officers, and the pre-

fent Syftem of Britith Military Difcipline, 3s. 6d.

. Hints to the Gentlemen of the Corps of Mounted Yeo-

manry, with copper-plate, 1s.
Paymnﬁc;s Abftra&ts. e








