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TO HIS 'GR-ACE,.
CHARLES,
DukEe of RicHMOND,
LENNOX, and AUBIGNY,
&c. &ec. &c.

"MASTER GENERAL

OF THER

ORDNANCE.

-

My Lorp Duxkt,

THIs tra;nﬂation h.as
more than a comIgon :glaim,;,to your
Grace’s patronage fpr, to whom
could a work, compllcd exprefsly for

a3 the



vi DEDICATION.

the inftruction of young men deftined
to ferve in the artillery, be with fuch
peculia;' propriety infcribed, as to your
Grace? under whofe aufpices the Royal
I\;Iilita.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 zt4 of; yom- G.face s commdnd’

of the ordnaﬁec has bcen diftinguifhed
by many fa]utary reforms and ufeful

-

o regulations ;
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regulations ; and By an at/t'ent‘ion to
every thing that can tend to the ad-
vancement of the public fervice, or
the promotion of fcience : I have,

'
therefore, prefumed to dedicate this
tranflation, the employment of my
leifure hours, to your Grace; in the
hope, that it may ferve miore 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 Artilléry may long

a4 flourifh
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flourith under your Grace’s protec-

tion, and of fubferibing myfelf,

My Lorp Duke,

Your Gracrg’s moft obedient

and devoted humble Servast,

The Tranflator.

’
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P RETFATCE.

LITTLE apology is neceflary for giving
tothe public in an Englith drefs, the three fol-

Jowing 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& 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 objetion will inftantly vanith

n on
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on the reflettion, that from the various combi-
nations and calculations, which inevitably enter
into the military fyftems.of modern days, a
courfe of ftudy is requifite to form an officer :
and where can this fo properly commence, as
with gun-powder ? ontheeffe&sofwhich viGory .
or defeat effentially depend. ‘The evolutions of
fquadrons and the manceuvres of battalions are
in themfelves neceflary parts of a military edu-
cation; they ftand in the predicament of many
other qualities, 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.” But an officer
who looks forward to diftinction 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
combhinations, which adapted to circumftances
and fitvations difplay, what is juftly termed, a
knowledge of the art of war.

Confidered in this point of view, thete can
be little doubt but that the productions of M.
I’ Antoni may be eminently ufeful : for though
many of the obfervations may have occurred
e 0
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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
more fatisfaCtory 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 neceflity 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 profpect of advance-
ment: in the law, .in the church, in other
lines of life, learning and application have fome
effet; 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-fhine of rank and
riches: in the military line, few fuch inftances
occur. )

This pi@ure, however true, ought not to be
difpleafing ; on the contrary, it will, on reflec-
tion prove what every true-born Briton infifts
on with exultation, that the military is a very
fecondary order in the clafs of fociety. Every
S . thing
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thing in the courfe of time finds its level s
had the fituation of this country rendered its
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 protcction
the neceffity of cultivating the military {cience
would have been felt: confequence would have
attended the officer, coufidered both in his po-
Jitical capacity with refpet 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 focicty. But the peculiar
felicity of our infular fituation, having in a
great meafure fuperfeded the neceffity of main-
waining thefe armies 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 protettion of the navy;
invaluable depofits of naval ftores either wholly
uncovered, or expofed to be deftroyed by a few
huudreds 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 leflons they may have re-
ceived at their feveral academies or fchools.

It may be urged that officers cannot be farmed
in tie of peace, that all the theory in the

b world
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world is incompetent to 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 fpecies of
knowledge into one common grave; while-

“armies, in the ignorant fpirit 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 diret 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 taics were formed ;
there was a certain combination of circum-
ftances founded on calculation and previous ar-
rangement, which every officer commanding a
body of troops found effentially neceffary to en-
fure fuccefs.
~ Siuce the invention of gun-powder and the
introduction of fire-arms, what was formerly
the effe® of mufcular ftrength, is now the
refult of folid principles, deduced from theory

~ and confirmed by experiment. Hence, war as

" a {cience, is groundcd on certa n . immutable

axioms ;
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axioms,; a knowledge of which, joined to habits
of refle®ion and an acquaintance with the beft
qmilitary writers, will go far towards forming

an excellent officer.

. Not that experience is to be undervalued, or
the merit of thofe depreciated, who by dint of
obfervation have in time acquired a very large
fhar.e of prattical knowledge, to their own ho-
nour and the advantage of the fervice; and it
“muft be confeft, that pratice unaided by theory
will in many cafes effe® more, than theory
without pradtice 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 accuridte experiments; to
draw juft inferences; not to confound the effets
of one caufe with thofe of another, and to apply
our obfervation and experience to the beft pui-
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 pralice 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 {ub-
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 menof firft rate talents in the military
line ; and why we have had few or no wris
ters of real, original merit on the fame fubjeét,
would be naturally involved in the enquiry ?
let it therefore be difmiffed for the prefent, with
a hope that the preceding remarks will not be
deemed altogether impertinent in the preface to
a didaétic work.

The felection 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 wifh of every
man, that a corps fo eminently ufeful as the royad

artillery ;

(-
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artillery ; that has obtained the feal of their good

condu& 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.to which can only be
preferved by fuperiority of knowledge. In this

refped, 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 pleafling profpect.

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 fuper-
fluous; particularly, as it militates againft
fome of the couclufions drawn by the learned
profeffor at Woolwich: but whoever refle@ts
for a moment, on the various opinions that
kave for along time prevailed among pratiti-

oners,
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‘oners, on the theory of powder and its altion
on projectiles, 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 firefs
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 fubject of artillery, is a convinc-
ing proof of the grofs error to which conjetture
is liable.

Without entering into the hiftory of the fci-
ence, it will fuffice to obferve, 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 ou 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 fcientific knowledge of Dr.
Hutton, by profecuting his difcoveries on a
larger {cale, to confirm his conclufions.

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

M. D’Antoni’s works confift of thirteen vo-
lumes in 8vo. the firft in poiut 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 definition of it; and then
inveftigates its effets on bodies, pointing
out the feveral modifications it is lable to: he
afterwards proceeds to analyze fulphur, char-
coal and faltpetre; the properties of which he
confiders individually and then colletively, 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 praQically
ufeful and in general coinciding with the re-
{ults of experiments made in this country. In
the fecond part, after expatiating upon the dif-
ficulty of meafuring the force of fired gun-
powder, even when the utmoft care and precau-
tion are taken to guard egainft error and irregu-
larity ; and thence inferring the impra@icability
of doing it to an abfolute certainty in military
operations, where a thoufand circumftances
concur to baflle the attempt : he afferts the ab-
furdity of laying down any rule as regular and
conftant; fince the utmoft that c¢an be obtained
is an approximation, fufficient with a tolerable
fhare of intelligence and accuracy for all com-
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 inveftigation 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 fecond
work, entitled a Treatife on Fire-arms, applies
thefc principles to pratice : but in order to

b 2 carry
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-,

carry method and perfpicunity into every part
of his fubject, he takes up the matter ab initio;
and in 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 conftrution, giving at the fame time
the method of refining and fufing them, with
remarks on the feveral proportions in which
they are to be mixed together.  Then, having
made fome obfervations on the windage, figure,
length, and cafting of brafs guns and mortars, he
points out the ineonvenic::ces arifing from what
is called ¢ the runming 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 Projetiles ;” 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 effeCts upon works ; and calsulates the num-
ber of men, that may be killed or wounded in
ation, both by round or cafe-fhot fired from
guns of different calibres at various pofitions of
the enemy. He draws a comparifon between
the effe®s of the howitzers and field pieces,
and finithes. with a chapter on fhells projeted

from mortars.
The various properties of | owd:r being thus
afcertained,
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afcertained, and its application to fire-arms
fully confidered; the author as a neceflary con-
{equent, treats in thethird work, ¢ Of the Ser-
¢¢ vice of Artllery 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-
~ ceflary to to be taken for enfuring the fafety of
the convoys; the fituation of the park; the
conftrudion of the firft, fecond and third bat-
teries ; the attack of the countermines and the
furrender of the place: diftinguifhing the feve-
* ral kinds of fieges, and giving direftions for
difmantling and blowing up the works of a re-
duced fortrefs. The fecond part includes the
whole fcience of defence; the author is parti-
cularly diffufe on the fubje@ of mining, and lays
down rules for the defence of a place conftru&ted
on a fyftem of demolition. The third part treats
of the field fervice of artillery: to convey to
artillery officers an adequate idea of this effential
branch of their profeflion, he enters into the
formation of an army, and the f{yftem of tac-
tics, and lays down difpofitions for the march
and encampments of armies, and for parking
the artlllery : in the next place, he gives the

b 3 method
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method of dlfpoﬁng the artillery in the day of
a&ion ; and its ufe in the defence and attack
of field-works, together with the principles of
their conftru@ion; 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 connefted together and form the fub-
ject of the following work, it was deemed ex-
pedient to clafs them together.

The firt book of military architeGture is
prefaced with a general idea of fortification and
of the art of war, with a fuccin&® account of
the writers on thofe fubje&ts. The fituations
proper for regular fortifications are pointed out,,
with rules and diretions for the conftrution
of the body of the place, and out-works of
every denomination.

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

The 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 direftions 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 direions 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-
¢ tutions,” the author treats of the various
branches of thofe fciences which he efteems
indifpenfably neceflary for an artillery officer to
be acquainted with, and enlarges on chemiftry
and metallurgy, which are brought into prattice
in the analyfis of powder and the treatife on
. fire-arms,

The pratice 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 conftruction of
the furnaces and moulds for cafting cannon, and

b 4 the
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the duties of the laboratory and arfenal are ex-
plained.

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

This is a flight fketch of the contents of
thefe volumes, which altogether form a com-
plete fyftem 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 objeéts fufficient to afford matter of obfer-
vation and refletion to a contemplative mind.

It will be a fource of fatisfa&tion to profef-
fional men to obferve, that the fame ideas and
modes of pradtice 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 chemxcal
lcé’tur..s is eftablifhed at Woolwich by the

‘mafters
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" mafter-general of the ordnance : Whoafter this
cencurring teftimony can doubt, that chemiftry
enters into the education of the complete officer 2
A former mafter-general laid a foundation for
theoretical and pradtical knowledge by found-
ing the royal military repofitory; where the
iuventions 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 aftual 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 productive 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
¢ Pra&tice 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 {yftem of pralical knowledge.

It would be tedious to dwell on all the points
wherein thefe two fyftems agree ; the artillerift
who has made himfelf mafter of the principles
eftablithed at Woolwich, will on a perufal of M.
D'Antoni’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&t in different countries thinking alike,
can hardly think wrong.

It would be a pleafing theme to a man, who
regards with any enthufia{m the future profpeéts
of the corps of artillery, in refpe@ 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.
QOne inftitution, indeed, from its general good
to the country merits particular attention. If
Britain ranks high in the fcale of nations, fhe
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 infpetor 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-
traftors and the ignorance of founders made it ne-
ceffary, that officers of knowledge and refpecta-
bility fhould be appointed to the fuperintendance
of that department: the inftitution took place

under
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under the direction of Major Bloomfield, and the
good effe@s refulting from it are too recent to
need recapitulation.

There are {fome points in whlch M. D’Antoni
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 obje&t,
highly worthy the attention of profeflional
men to inveftigate, how far mortars can in
moft cafes {upply 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 meghanics, will go far toward
the completion of this obje&t. The field-how-
itzer, notwithftanding the apparent fairnefs of
M. D’Antoni’s comparifon, will ftill maintain
its ground : it is true as he afferts, that the
moral effe@ts of howitzer-thells 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 neverthelefs certain that it works wonderful

effe@ts
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effets 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 criterion 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 effe&t a little greater than a féw files of muf-
queteers can, no man who confiders impartially
the advantages and difadvantages attending the
wfe 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 wilt lofe any of its credit; profeffional
men will ever know how to eftimate its confe-
quence ; it is only by bringing forward guns,
that cannot produce the effect expe@ed 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 fqua-
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 productions of mere prafti-
tioners are equally to be rejected. The per-
fetion of artillery i3 to unite folidity with
lightnefs, fimplicity with ftrength, and to add
length of range to certainty of execution : who=
ever does the moft toward attaining thefe ob-
jeéts, is beft intitled to the gratxtude of his
coyntry.

There are a few terms ufed in the courfe of
this tranflation that may require a fhort expla-
nation. A fjflem of demolition implies a fyftem
of fortification, whe;e the works are connected
together by arches thrown over ditches, or in
any fimilar manner; and where the exterior.
work may be demolifhed or taken poffeffion 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 improved mode of making intrench-
ments in the baftion and ravelin and behind the
curtain: its invention is attributed to Bufca of
Milan, who wrote in the beginning of the laft
century.

. In treating of mines, the word provifional has

been

A}
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been adopted; fince thofe works which the
author terms branches of precaution, ire not
~only intended as /jffeners, but to be alfo occa-
fionally converted into galleries and chambers i
they differ from the permanent works in not
being made before the fiege, whereas the per-
manent ones are conftruéted previous to it.
All foreign words have been as much as poffi-
ble reje&ted: why our language fo rich in
other refpes 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 terrhs when
neceffary ; yet we ought to be careful of ¢ na-
¢ turalizing ufele(s 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. Johnfon left much
to be done with refpe&t 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 fhould be
fettled : this can only be done under the autho-
rity of fome judicious compiler, who may
' ftamp



PREFACE. XXXi
ftamp a lawful currency on fterling words,
and’ profcribe thofe that are unneceffary 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 refpect to mechani{m and the
making up of flores : but this will detrat no-
thing from the goodnefs of the general prin-
ciples, nor invalidate in the fmalleft degree the
juftnefs of the author’s obfervations.” The dif-
ference of the two fervices in one refpedt is
particularly ftriking: with us, the engineers
are accuftomed to conftru& the batteries, thé

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 in conjuntion 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 itappecar
that M. D’Antoni brings the artillery officer
too much to the fure ground of the pitture, it
ought to be recolleCted, that he profefles to
regard artillery only, as oue 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 travflator had at one time an intention
of fubjoining by way of note, remarks on the
feveral conclufions drawn by the author in the
courfe of this work ; and comparing them with
the received opinions of the Englith and French
artillerifts, and with the difcoveries and i1m-
provements made in the feveral branches of
fcience on which he treats: but befide, that an
ample difcuffion of thefe feveral points would
have fwélled into a voluminous commentary,
it might have involved him in controverfies in
which neither his time nor his inclination per~
mitted him to engage.

A fecond plan was merely to give fuch re-

marks
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.marks as neceflarily grew out of the fubjeé :
but this was abandoned, as imperfet; 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- ftood, with the
fimple alteration of ‘the weights and meafures.
‘T'o have thewn by notes, as was intended, the
conftru&tion 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
meafures 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 defetive. The fame
denomination is left to the guns to diftinguifh
their feveral natures, as in the original; it
being found that they correfponded to natures
unufed among us and to frational parts: it
was therefore apprehended that the moft fim-
ple mode was to leave them as they were; the
reader havipg only to recolleét that the 32 pr.
correfponds to the 27 pr. Englith; the 16 pr.
< ‘ to
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to 134; the 8 pr. to 6%; and the 4 pr. to %%
One alteration indeed was judged neceflary in
{peaking 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 thort,
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

+ of this foot, and at London 39+ Englith
mchcs, the foot Lyprand of 12 inches, making
a very fmall allowance for the difference 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’Antoni. - The French 24 pr. fhot 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
anf{wers
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anfwers very exaltly for the diameters of the
thot. Having' thus eftablithed the relative dia«
meters of the fhot, it was ealy 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 traés; 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 cach other; 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 ori-
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 Pows
der was tranflated by M. le Vifcomte de Fla«
vigny: the Treatife on Fire-arms, by M. le
Marquis de St. Auban, lieutenant general 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 bhad fcrved 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,
an 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 exalted 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 {fubmits in the confidence, that if his abilities
Lave by any means been equal to his zeal, the
verdid muft be in his favour.
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"TREATISE

GUN.POWD ER.

FIRST PART.

OF THE ProPERTIES OF GUN-POWDER.

The properties and effects of Gun-powder can only be afcer-
tained by the means of Fire : let us, therefore, in the firfd

- place, examine the nature of Fire itfelf; according ta the
doétrine of thofe philofophers, who, by the clofeft invefti-
gation of its effeéls, have endeavoured to explore its prine
ciples and caufes.

CHAP 1.
‘OF FiIrE,
THE celebrated HErmMaN Boeruaave, 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 heat : -
under this idea it is conceived to be a fubftance effentially
fluid, compofed of particles very fubtle, and continually agi-

. A tated,



2 ' THE PROPERTIES

" tated, though not always in the fame degree. The learned
Beccarr has proved. that it exifts in all places, and in
almoft all bodies, without being able to decide whether it
be a conftituent and eflential principle. A gentle friction
of a globe of glafs in the eleétric machine, fthews that
every thing partakes of it; apd two hard bodies rubbed
violenly together gradually grew 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 coméuflible matter,

ulphur, the food of firey and phlogifton. .
j }; One okf the f(;i'gia& chafa&exf 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 effelts
this- is different, according to the qualities of the bodies it
‘enters : there are even fome which, far from being dilated
by the aétion of fire, are contracted ; as wood, animal bo-
dies, &c.

4. Another charaler of fire 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.) caufes-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 flate to ignited motion, or
inflammation.

6. The different effe@s of the firft fpecies of fire may be
confidered under three heads. : .

1. In a determined fpace.
2. As acually 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 a&tivity and efficacy be different; as may
be obferved in burning glafles, reflefting telefcopes, &c.
‘The activity and efficacy of fire can only be afcertained by
the expanfion of bodies, and the disjunction of their parts’;
but hitherto the method of meafuring exaily not only the

quamitx

\
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guantity and velocity of fire feparately, buteven its abfolute
effeéts on badies, are unknown. The point to which a
body entirely deprived of fire can be condenfed is equaily
undetermined with the firlt 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 conftruétion of pyrometers, the point of the
greateft condenfation depends on the variable temperature
of the atmofpheres  Thus thefe two inftruments ferve only
to thew; by their graduation, the difference of expanfion,
according to the degree of fire that they contain or are

etrated with. B

8. The adtivity of fire confidered as aSually exitting 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 refpeive mafles, they are equaily hot.
On touching two bodics of unequal denfity, reduced to the
fame temperature, the moft denfe appears the hotteft; be-
caufe the hand being in conta& with a greater number of
particles in the denfer body, the fenfation excited is propor-
tionally ftronger.

9. The manner and law (6. N°3.) under which fire
penetrates bodies, is modified by the degree of its aQivity;
the time of application, and the fuperficics, quality,and mafs,
of the furrounding bodies ; 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 1t with a hummer,
it will become hot in lefs time, This diverfity of effells
may be equally remarked on comparing a picce vi” iron with
a flone, or any other body, put into the [zme firc.

Thefe obfervations on the facility with which fire infi-
nuates itfelf into bodies, are equally applicable to thie facility
. : A2 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 itfelr equally on all fides;
its a&ivity diminifhes 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 various circumftances that
tend to modify the effeéts of fire, let us now confider thefe
modifications with refpect to the ignition and deftru&ion
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; either
by applying to the combuflible body a quantity of external fire,
or by increafing the motion of the fire that exifts in it.

11. From the facility with which combuftible bodies take
fire, they may be ranged in two claffes. In the firft may
be placed fpirits of wine re&ified, fulphur, &c. in which, by
applying fire to any one part, it is communicated to the
whole mafs, fo as to produce a total deftru@ion. 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 particies, 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 fmoke or other fubftances which do not ferve
as food to fire. In both thefe cafes, it is neceflary either
continually to apply frefh fire, or to increafe the motion
of that which already exifts in the body.

13. From thefe premifes, it may be inferred, that fire
admits of infinite diverfity in its effeéts, 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-
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14. Wherefore, the force of gun-powder fired in muf-
quets, cannon, mortars, mines, &c. being in proportion to
its inflammation, its effets 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 affes its inflammation and
total confumption, we cannot be always certain of producing
the fame effe&ts with the fame quantity of powder fired from
the fame piece of ordnance.

CHAP IL

OF SuLPHUR, SALTPETRE, AND CHARCOAL,

15. SULPHUR is a fubftance compofed of witriolic
acid and a combuflible matter. It is ranked in the clafs of
minerals, becaufe it is extracted from the bowels of the
earth. When expofed to a moderate degree of heat, it
liquefies, and fublimes in little tufts called fowers 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
ftronger 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 exhautfted receiver, it requires a continued ap-
plication of a much greater degree of heat than would
inflame it in the open air: the receiver fhould 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. Charcaal, ufed in the compofition of gun-powder, is
defined to be a body compo;‘ed of a combuflible matter, and

3
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of the denfe earthy particles contained in vegetables. In
making charcoal, the vegetables are burned in fuch a man-
ner, that they do not inflame; and then the combuftible
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 combufhbie
matter from the earthy particles; which are then termed
cinders.

., 19. When charcoal is expofed in the open air to a fuffi-
cient degree of fire, its property is to burn and be con-
fumed. 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
greater degree of fire is applied to it than will burn fulphur :
the propagation of the ignited motion, and its total con-
fumption, are effeted more flowly than in fulphur. Thefe
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-
cultlv 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 flones, 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 heterogeneous matters. When,
by this procefs, the faltpetre has been well purfied, it has
always the fame properties, from whatfoever fubftances it
may have been extracted.

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
-hieat be increafed while the faltpetre is in fufion, it (ublimes
. in
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in vifible particles; which, colleting together on the upper
part of the veffel, are called flowers of mitre. To feparate
the acid from the alkali, without 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 a&ivity of the fire. In this operation
the acid is feparated from the alkali, and diffipated. The
combuflible 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 decompofed by fire int two ways.

1. By coming in conta& with an ignited combuftible
body when in a folid tate. _

2. Or by communicating, when in fufion, the ignited
motion to a combuftible body in contact 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 effe the deftrudtion of
both at the fame time, the quantity of charcoal muft bé pro-
portioned to the quantity pf faltpetre. “I'he better the fub-
flances are mixed togethdr, the more immediate will be the
contact between the feveval parts, and the fooner will both
be confumed. N

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 altion of
burning fulphur; yet this takes place fooner or later in pro-
portion to the denfity gf the charcoal, or to the quantity of
denfe earthy particles ; wbherefore, that the fire produced
from the fulphur may be fyfficient to burn all the charcoal,
the quantity of each muft be exadly proportioned, and at-
tention paid, at the fathe 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 more inftanta-
acous, even then the cl‘feé}\s vary; for if the faltpetre be

4 ' L
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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 able
to fpread to the others; or the combutftible particles, being
in too fmall a quantity, will be confumed long before the
faltpetre. If, on the contrary, the falipetre be in too {mall
a quantity, it will be confumed before the other two ingre-
dients: wherefore, that the deftru&tion 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 deftruction of the whole.
(7:) '
7 29. 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. ,

Fi16.1. 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 a mixture of faltpetre,
fulphur, and charcoal; and apply a red-hot iron ¢con-
cave in D, fo that it may exactly admit the convexity
of the thimble: in a fhort/vime the mixture will ex-
plode, and be entirely confiitied. Put again into the
thimble an equal quantity 3f the fame 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 exhaufted, the decompofition of
the faltpetre will-ibt begin Al both it and the fulphur
are liquefied, at il ‘into ebullition,

N IR TN

31. To burn powder invaepo, the fecond method muft
be ufed; for it will not expbade before it be reduced to a
ftate of liquefalian, and an cbullition enfues.

32. On decompofing faltpetre in tither of thefe methods,
if the veflel be fuffered to cool, and a finall 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 veffel, and produces no effe&t. On the con-
trary, the elaftic fluid proves its force and effe@s after a
confiderable interval of time ; whence may be inferred, that
it is a fperm‘amnt fluid, and in it confifts almoft the whole
force of gunpowder. It may be further obferved, that this
force is always increafed by heat.

33- When the experiment is made in the firft method,
(26. N° 1.) ina clofe veffel, 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 effect the decom-
pofition, on account of the want of fufficient proximity in"
the nitrous and combuftible particles, the redundancy of the
fmoke inclofed in the veffel will retard the operation, the
combuftible body 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
elaftic 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 two combutftible 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
combutftible bodies, and decompofe the nitre.

2. The degree of heat muft be increafed in propor-
tion to the rarefa&tion of the furrounding air, or to the
denfity of the fmoke.

3. The decompofition of the nitre being always
progreffive, the more intimate the mixture, and the
julter the proportion of the combuftible ingredients,”
the fooner will it be effe&ed,

4 In
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4. In the decompofition of faltpetre, an elaftic fiuid
:} generated, which is permanent for a confiderable fpace
time.

CHAP I

OF GuN-POWDER.

36. GU N-POWDER is compofed of very light char.
coal, fulphur, and well-refined faltpetre. Thefe materials are
put into a wooden trough, where they are ground together,
to render the contact of the nitrous and combuflible 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 neceffarily 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 faltpetre.
When they conceive that the ingredients are properly mixed
together, they form from the paite 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 alter any of the properties of the conftituent
parts, taken either individually or colle&ively. (35.) The
neceffity of having a combuftible body capable ot producing
the total and inftantaneous decompofition of the nitre, makes
fulphur and charcoal requifite ingredients: fulphur, becaufe
it cafily takes fire, and propagates the inflammation, though
the heat it produces is not fufficient to decompofe the nitre :
charcoal, becaufe its inflammaiion, as well as the propas

ation of fire into all its parts, being flower, it acquires, when
it becomes red-hot, a ftronger degree of heat than the fulphur,
and is therefore more capable of producing the entire decom=
. pofition of the nitre. Therefore, from thzir combination
with a praper proportion of nitre, the moft inftantaneous
explofion may be expefted; but if the quantity of nitre ba
too great, the fire communicating to the combuftible par-
ticles with fo much the more difficulty as the excefs is the
greater, may produce no effeéls.

If to a compofition of r4 parts of faltpetre, 1 of fulphur,
and 3 of charcoal, a burning coal be applied, thofe par;s

only
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only of the mixture in contaét 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 fmall 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 elattic fluid, on
which depends the greate(t force of the powder, is lefs; as
may be proved b; burning a mixture of equal parts of ful-
phur, charcoal, and faltpetre. )

38. That proportion which will moft readily produce the
deftruction of all the compofition, and yield the greateft poffible
quantity oi 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. ‘

39. In the firflt years that fucceeded to the difcovery of
gun-powder in Eurore, the proportion of the conftituent
parts, and the fize of the grains, varied very much ; which
gave rife to the feveral denominations it has obtained. Atx

- 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. -

As it will be thewn 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 defcriptions 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 Jmufguet pow-
der ; when the grains are three or four times larger, it is
called cannon 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
powder ; and obtains the name of fine war powder 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 faltpetse,
3 of charcoal, and 1 of fulphur, and granulated as the fine
war powder, it is called fire-work, or rejoicing powder.

41. We will now proceed to prove, that fired powder
preferves conftantly the properties remarked in the combi-
nation of its ingredients ; (35.) modified, neverthelefs, by
the exaclnels 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 cffeéts 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 grains contiguous to the coals will be fo in-
ftantaneous, as not to be diftinguifhable 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 deftrudion
of the faltpetre is clearly difcernible; fome of the grains
are confumed, while in others the blue flame difappears
without producing their deftruion: at length the more
diftant grains become warm, without emitting any flame,
ar 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 dire&ting upon them
the folar rays, united by means of a convex glafs; as dif<
-ferent degrees of heat may be produced by augmenting or °
dimifhing the circle formed by the re-union of the rays.

43. Thefe experiments prove that powder, like other
eombuftible bodies, may become hot or inflamed, without
being in the fame inftant confumed. It is neceffary, there-
fore, to diftinguith between the inflammation and the final
deltru@tion of each grain: for fire, when applied to 1wo
grains of different fizes, does not always caufe any fenfible
difference in their deftruction; 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 comparing can-
non and mufquet 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.) )

Prate . Fic.II. To the plate A B of the pneu-
matic machine, let a thin thimble C of beaten brafs, be
joined, with the convexity upwards. Let the iron M
exadlly fill the concavity lg; 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
platc 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 receiver. 'When the air is quite exhaulted,
the powder upon the convexity C will Liquefy before it
takes fire, after having emitted feveral 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 D F of the funnel, which is to contain
the powder for the experiment, may bec diminhed at plea-
fure, by ‘means of the rings G, of exaét calibre, andvof dir-
ferent lengths, to be applied to the part F of the fpace D F.
AHIis a canal conical from A to H, and c)lindrical Iii;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 exaitly, that no air can pafs: the cylin-
drical part is a little longer than HI. The capital NN QO
of brafs, of which the aperture O O is lefs than D D, can
. be faltened by, the fpirals N N to B B,

Letthe fpace D F be fo diminithed by the ring G, that the
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 fcrew 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 prefled
forcibly into the funnel, the point M coming below the bot-
tom of the funne! I, without touching the bladder, will
neverthelefs 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 lar%e 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, ; 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 H I; and confequently, when the rod is intro-
duced into the canal, the powder inclofed in the funncl, 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 D P, fpreads itfelf into the receiver; and in pro-
portion as it becomes more rarefied, lefs powder is fired.
In each of thefe three different flates of the air in the re-
ceiver, it may be obferved, that the infides D P of the fun-‘-

ae
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®el are bronzed by the flame of the powder. As the pow-
der firft takes fire in R, that which is placed above in P
cannot fall upon the plate without paffing acrofs the flame of
the buming powder in R; fo that, in this experiment, the
fire being wclofed in a fmaller fpace, is more a&ive than
in the former one; (44.) yet all the powder is not
fired, becaufe the air, on the bladder’s burfting, is too
e But to defiroy all doubtof th £ d

6. But to defiroy ubt of this proj of gun-powder,
Ietthe funnel be charged as before, the c‘;;l;ttz’l I\%u(g l;'f:’reweq:l
on to B B, 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 H1, 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 DD D, as neither the air con-
tained between the grains, nor the flame, is able to pafs
with the fame facility into the receiver, they remain in much
greater quantity in D P; the fire is therefore more intenfe,
and confequently a greater quantity of pawder is confumed ;
indeed all the powder will be fired when O O is reduced to
the fize of I. The fame effeéls 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 thould be in proportion to the rare-
fa&tion of the furrounding air, and that it is increafed by
preventing the expanfion of the flame. It remains now to
be proved, that the degree of heat muft be likewile greater in
proportion to the denfity of the fmoke. .

It has fallen within the obfervation of every artillerift,
that when fhells fink into ftiff carth with the Zfes down-
ward, the finoke finding no paffage, the fire is extinguithed,
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.  Fules are generally filled with a
) mixture
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mixture of mealed powder, fulphur, and faltpetre. Let tws -
or three fufes, of the fame fize, be filled with compofition
of different degrees of ftrength; after being fet on‘fire, let
them be buried in earth equally ftiff, 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 compolfition 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 ftrong as to burft the fufes.’ .

48. Having afcertained thofe two properties, it remains to
demonttrate, 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;
(35- 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 deftrution of powder produced by the a&tion 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 firft a&ts upon the furface, and then penetrates

« towards.she centre. (43.) As the furface burns, a flame is
,exgited. which catches the neareft grains; if the degree of
heat be fufficient, and the furrounding air not too much
rarefied.-. In the mean time, the fire which attacked the firft
grain, continyes its action towards the centre till it be totally
:canfumed. 9l'hcre are then rwo diftin& actions in the in-
- flammation and the total confumption of powder : the firft is
_the expanfion of the 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 witis more rapidity between the intervals of lt.lhc
other
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other grains, than it penctrates towards the centre of each

in.

49. The following obfervation will prove that a deter-
mined time is requifite for the confiimiption of each grain,
Make, of the common mixture, fome grains of powder as
large 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 fhort. It is likewife clear, that
the flamne, in fpreading itfelf from the burning grains to the
~ contiguous ones, takes up a certain fpace of time; as may
be exemplified by fetting fire to a train of powder.

50. An experiment will prove, that the altion of fire is
alfo progreflive when applied to powder .confined in a
veflel ; where the burning fluid being more denfe, is alfo
more ative than when powder is burned in the open air,
(Fig. IIL.) To the funnel charged as before, (4.?.) 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 loofen 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 dittinguithed by the fixed nitre, and the fmooth
furface of each grain. i

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 penetrates 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, are progreflive ; it is neceffary further to thew, that the

B altivity
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aQivity with which fire 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 pafling between the grains,
meets no other refitance than the common air, which is
eafily penetrated, by reafon of its rarefaion ; and that the
fire, in infinuating itfelf from the furface toward the centre
f' the grain, muft pafs through a fubftance much more

enfe ; 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 piftol barrel, with the vent clofed up, be
filled with powder to the muzzle: on applying fire to it,
the barrel will inftantly empty itfelf, with an explofion.
Let it be again filled with powder well compreffed, fo that
the interftices between the grains may be as finall 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 three preceding paragraphs, the following
principles 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
* fuperficiés, and produce, at the. firft inftant, the in-
- flammation of a greater quantity of matter ; which is
confumed Y much the fooner, 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
difficulty ; and they will be fo compa&, as to form,
as it were, a folid body. .

: . , " .53 The
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§3. 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 manpfacturers put the
powder into a barrel fulpended by g 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 1
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 jnflame with greater,
or at leaft equal promptitude.

54. As thefe properties are common to all kinds of pow-
der (40.) that are well made, of proper thaterials, and
equally dried, varieties in their effects 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 effes will be very fenfible. S

§5. The following experiment will prove, that from fired
powder a permanent elaftic fluid (35. N© 4.) is produced in
great quantity, upon which depends its principal force.
(F1c.1V.) ABC Z is a hollow cylinder of bronze, with
aferewat B C toreceive DEF. GG 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 IK L,
made of bronze, into AP. Lm is 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 V y, which keeps it in the
pofition 75, when not forcitgy held back; and clofing the
vent, totally prevents the pg age of the air; fo that, wh;r;

' 2 t
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the feveral parts arc properly adjufted, and the bar of iron ¢ »
is in the pofition ¢ s, the elaftic fluid inclofed in the cavit
B P, though verv much condenfed, cannot efcape. QQ.-

are pivc fupport the machine.

*In th chine muft be placed vertically,
that the the fpace B P may reft on B g;
the litti been previoufly filled with hog’s
lard, th: fired, may not act immediately

on the key U u, auna prevent it from being drawn out. By

wmeans of a thread of filk, faftened with two little nails at

the hole m, the iron ¢ r is held back, the fufe is charged
with powder, and the vent Lm primed. Then I K is

Ierewed into. A P, and fire applied at L ; which, communi-

_ating, by m,  fets fire to the fufe in ¢; and burning, at the

fame time, the ghread of filk, fets at liberty the iron ¢ r

prefiad by the fpring V y, flides into s#, and clofes

m Th&ﬁfufe burns from o to p, and fets fire to the

powder in B X: the vent being clofed in m; and, for greater
certeinty, . a little fcrew introduced into L.

- (Ra@s Vi) When it is judged t_hat‘ the powder in B X is

firgde iwhigh. ean only be-kuown by the heat of the cylinder

C2Z, asng bg perceived, let a byllet be put

nine be pointed againft a plank,

B.B, which can be ftopped

—~-2.gvi0g a half turn to the key

B P ‘may, comumunicate with the bore

toyching the trigger A the bullet is dif-

*, apd;jmpinges on the plank with the

BreR Ay, avwouw, IRYE been produced by a very great con-

aemacion of air, .

_andhe eavisy; BB, will . containten ounces of powder, but
-onjya fixteen or. cighteen bullets may be dif-
vely, 1and at the diftance of forty paces, each
thwoygh a fir plank -half of an inch thick.
nagges, if the key G G be turned as it was at

ety the. pie-gon, he: uplcrewed, a Jarge bladder faftened in

its place, and the key again turned, the bladder will be filled
wighvan in¥iGble fuid ; which, being clofe tied up for feveral
days, - will not fenGibly dimini(h in bulk. In the coldeft wea-
ther it is equally claftic; fo that,- confidered relatiyely to its
tlatticity, it sy be compared to the atmofpheric air. Un-
ferewing-K. Iy the infide B P X will be found covered with
faline partigjes ; which, colle@ed and examined. form a fixed
: , . alkali
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alkali that eafily attralls moifture, and falls in deliguium whed
expofed to an air abounding in vapour. .

*  §6. Since the fluid generated at the burning of powder
preferves its elatticity for a long time, it follows, that ot the
inftant of explofion its elaftic force muft be the greateft..
In proof of this, let a barometer be fixed to the pneumatié
machine ;- and, having exhaufted the receiver, apply fire %8
the thimble. (F1c. I.) At the inftant of explofion, thé
snercarial gage defcends rapidly, then rifes; and, after fome
andulations, feems to fix, for a time, below the point where
i€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 effets totally ceafe.

§7.. From thefe premifes (32, 34.) it may be inferred,
that thequantity. of the permanemnt 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 experimént, and obferving the apparent fixed point of
the mercurial gage: it would then be feen that it fenfibly
falls eor. rifes in proportion to the faltpetre contained in the
different quantities of powder. ,
';’38; Though the penetration of the bullet into the plank,

theapparentfixed point of the mercurial gage, (- (S 565 57.)
‘be the effeéts of the permanent fluid generitej ‘from’2the
faltpetre, yet they ought not to be attributed folely to that;
“as the fmoke and the common air contained' iti'and between
2: grains of powder, are alfo rarefied: by the a&ion of the

. 9. From all experiments hitlierto made npon: fmoke, ‘it
#s found to be elaftic while hot; whefefore it is realohalfé o
“eontlude, that the fmoke produced at the explofion is 6ne ‘of
theé caufes that concur to give it force : but when told, it fiot

fes to be elaftic, but even abforbs a  portion‘:of the
b t fluid. It is impoffible, at the explofion, by fepa-
I B 3 nﬁng
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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. The 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 eafily
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-
phete is more rarefied, ought not to be attributed to lefs
elaticity in the air, but rather to the fecond property of
powder; where; being fired in a rarer medium, lefs takes
fire though the fame quantity be ufed ; and hence the range
is (hortened, . as will hereafter be more clearly proved.

62. For the, ame 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
procefs, proceed not, as fome think, from the greater quan-
tity of. air comprefled into the fubftance of the powder, but
- fimply from a more. exaét mixture of the ingredients, whence
they more eafily and generally take fire.

63. Inilluiteation of this remark, it is fufficient to ob-
fervzy, that Eh;ggk mapufactured powder is liable to be da- .
miaged by exceffive heat or moifture. The powder-makers,
in ﬁrymg,powder,, take care to ftir it frequently, and fuffer it
to cool ,before they put it into the barrels ; as they pretend

hat it t}erments when very hot: and in fa&, if, when much

ted, it be clofed up. in a barrel for fome hours, and after-
wards poured gently uppn a cloth, a great part of the grains,
efpecf;ﬁ; thofe towards the middle of the barrel, will be
caked tagether 3 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 liquefalion of the
fulphur is always prejudicial to the inflammation and quick
+ deftrultion of the powder, (27, 28.) as it deftroys the exa&
mixture of the ingredients, which can be only recovered by
fubjeting 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, wil{bc 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 ‘muft therefore have become weaker. Now, if the
powder, thus reduced in ftrength, be manufa&ured 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 (38.) well-proportioned
and intimately mixed together, it will in this new operation
have loft part of its ftrength. 'iigﬁge it may be iriferred, that
grinding ferves only ro'mrx the irigredfents togethery and that
when there is a perfe@contact hetween the mittous and‘com-
buftible particles, it“is ry!’efcl_’s ‘any "lohger’ to -continue the
operation. e

64. Powder, howevef'well dtied and’ fabricated it may
have becen, lofes its firédizth whert altowed'tp become damp.
If daily obfervations on ‘powder, putinto-damp magazines,
and carefully preferved ifi "barrefs, are'not fufficient to' efta-
blith this faét, ‘the following cxperh‘neht"will tender'it int¢on-
teitable. e

Let a quantity of well-dfied powder be nicely 'weighed,
and put into a clofe room, where the air is temperate, and
feemingly dry, and be left for three orfour hours; on weigh-
ing it again, its weight will be ‘increafed. = This fame pow-
der, expoied to an ait loaded with Vapour, ‘acquires much
additional weight in a fhort time. ‘Now the iricreafe of the
weight being proportional ‘to the' quantity of vapour con-
tained in the atmofphere, and to the lehgth of time that
the powder is expofed to it; it follows, that powder eafily
attra&ts moifture. T

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 a&tion 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

" ' B4 burn;
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_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-

, not fyfficiently refined, attraéts moitture very readily ;
and as the fubftances that render it impure leffen the quan-
:’gz of fluid, and prevent its detonation, it fhould be

ned 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 eftablifh a juft mixture of the
feveral ingredients ; and if part of it be abfolutely loft, which
may be known by paffing a certain " quantity of the powder,
wcﬁ 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
conta& 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 fluid, in a given

.fpace of time, is the flrongeft.

CHAP. IV,

THE PROPERTIES OF POWDER ARE THE saME
iIN Fire-ARMs ofF AL CALIBRES.

A ]

. 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 treating of the
proper charge and length of guns, it is neceflary 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 cavjty
where powder is burned ; they are alfo modified, by the famg
caufes, (41.) and by others that will be hereafter men-
tioned. - '
69. The fecond ‘propeciy 1s ooicrvaoie
when, on applying fire to different quant
powder, cither the whole or a part only ¢
fire, in proportion to the ftrength of the firc
of the medium. For example, if a qu:
powderf be all burned in a gun of large
quantify, in a piece of fmaller calibre, will 1
In the/ fame piece, charged with different q
der, the fmaller charge will entirely expl
only of the larger will be confumed. If, in
the refiftance to the explofion be increafes
fhot, &c. a greater quantity of powder will
the piece is fired with a common wad, a
Thefe varicties conftitute the fecond . oroj
» 455 465 47-) :
(4;0;45'111(: third property ur puwacr s equ
all fire-arms.  The inflammarion of each;
contiguous ones, being progreflive in all kinc
‘varieties that occur arife not only from the {
and the proportion of the ingredients, t
fize of the veflel in which the pawder ig fired
if in two veffels, of unequal fizes, two equal quantities ot
powderbe burried, the fire in the fmalleft veflel, being moft
intenfe, accelerates the deftrucion of each grain, and all the
powder is confumed in lefs time than in the larger veffel.
The fame circumftance occurs, when two equal quantities
of powder are burned in veffels of equal fize ; one of Which
refifts the aQion of the powder, and the other barfts at the
beginning of the explofion : the heat being mage.intenfe in
the veffel that refifts than in the other, the deftgi@ion of
each grain is accelerated. ‘ e
1. 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.§nlet a mulquet or piftol barrel be filled
with powder to four or five diameters ; let a {mall wad, made
of a fubftance not eafily combutftible, be lightly comprefled
ppon the powder ; and let the picce be fired into avcﬂ:f made
on
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on purpofe to receive the difcbarge: 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
lengths 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 veflel ;
‘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 in a
very dry day. Thefe effe@ts equally take place in mufquets
or cannon: for if a thirty-two-pounder be charged with
8lb. 50z. of powder, carefully colletted together in the
‘chamber, and lightly comprefled with a wad, and the gua
e 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 251b. of the fame powder, a number of unfired
grains will be found : again, with golb. of powder, the
number of unfired grains fcattered upon the fnow 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 caufes vary, the
quantity of powder that is burned in the fame piece varies
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 refiftance to the explofion confi-
derably increafed by any other method, after the difcharge,
fewer unfired grains will be colleted. 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 increafe

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

‘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 varieties in the quantity of pow-
der that takes fire ; the following fimple experiment will fur-
ther confirm it. Let a mufquet be charged with a full quan-
tity of powder, with a fingle wad, and fired into a large
veflél] when the air of the atmofphere is very denfe and dry;
let 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
effe@s more firiking, let the barrel be heated by expofure to
the fun. If the powder, after each difcharge, be colle¢ted
and weighed, a much greater number of unfired grains will
be found -after the fecond than after the firft : now the 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 elaftic fluid generated from powder, is
hardly fenfible; the true caufe is the rarefaQion of the air,
whence lefs powder takes fire.

93. The fize and pofition of the vent render this pro-

of powder fubje& to other varieties, On firing two
piftols, of the fame calibre, but the vent of the one larger .
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 a
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
neceffary 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 ; de':

. * 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 in-
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 only
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 approacheés nearer to the weight
of the gun, which always remains the fame, and the range
is confequently dimini(hed. .
. 76. The following experiments will prove the third pro-
perty of powder in fire-arms of all calibres. (7¢.) Leta
un of any nature be taken, and, to fimplify the experiment,
e charged with fuch a quantity of powder as will all explode:
an examining the ranges from two equal charges of powder,
of the fame quality, bur of differently fized grains, as cannon
and mufquet powder, it will be conftantly found, ceteris
paribus, that the range produced from the mufquet powder
. 1s much longer than that from the cannon powder. Now as
the a&ion of fired powder depends on the elaflic fluid, the
- fhot, in-the loongeft range, muft neceffarily have been im-
pelled by a greater quantity of this fly#ll: but it has been
demonftratedy(57.) that from equal@harges of cannon and
mufquet poweer,.equal quantities of the elaftic fluid ase ge-
nerased when,they are tomlly confumeds wherefore, inpthis
eafsy,All the fluid is notigenerated in the time that:the.thot is
maying along'the bore of the gun, and confequendy wemay
conglude that its generation is progreffive. - A-comparative
trial. of) all other kinds of powder that have the fame pro+
portion i their .ingredients, and differ only in-'the fize. of
the: grains, gives a fimilar refult: whepnce it is cleaty that
each grain is confupeed progrefively in- picces of. dlnllbresé
‘ 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. Bome artillerifts, from the intenfe heat excited in a
piece of ordnance at the inftant of explofion, particularly
with large charges, conccived that all the powder muft be
confumed before the thot 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 thew, by a

conclufive experiment, that the inflammation and deftruc-
tion of each grain is progreflive. . It is well known that
fine war powder is much fironger than mufquet powder ;
and that, on firing equal quantitics of thefe powders from
the fame piece, 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
quantities from the fame gun, be remarked, the ranges
from the latter will be found much longer than. from the
former ; confequently the thot muft have been impelled by a
greater quantity of the elaftic 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 deftruétion
of each grain is progreffive, as the charge is fo proportioned,
_ that the whole thould take fire in the gun. -

78. This progreflive deftrucion 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 ifflue in great abundance from the
muzzle of the gan, which could never happen if all the
powder were confumed before the fhot began to move.

9. Upon this third property of powder in fome meafare
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 longefl piece ranges farthet, is not only be-
caufe it is impelled for a longer time by the fluid, but alfo

becaufe a greater quantity is generated daring that time.
But (hot from long pieces only range farther when at quit-
‘ ung



30 THE PROPERTIES

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

80. The aétion of the elaftic fluid on the (hot 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 lefs fpace of
thebore; whence the fhot is longer impelled by the fluid, as
it has a longer fpace to move through in the gun. To elu~
cidate this, let an experitnent be made with a 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 impelled by the tired powder, but alfo from the lefs
fpace that the fhot has to pafs through in the piece, and the
Jefs 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
quantity of powder can take fire.

There are two a&tions to be diftinguithed in the fluid ge-
nerated at the burning of powder ; of fire, and elafticity. As
the fluid feparates, and difengags itfelf from the burning
grains, it carries off with it different inflamed combuftible

icles ; the degree of fire is then weakened, as much from
its expanfion, as from the extin&ion of the flame, owing to
the deftruction of thefe combuflible 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 a&t againft the fides of the containing veffel. 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 aa elaflic fluid, which infinuates 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 freth fluid is fuc-
ceflively generating, and inflaming thofe which the fuft pro-
duced fluid had not power to ﬁm; the quantity .o; ﬁz

ui
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fluid, and the intenfity of the heat, increafe by degrees, till
the wad and fhot begin to move. From this inftant of
movement the f{pace containing the fire, the fluid, and the
unfired grains, enlarges; and though freth fluid is conti-
nually generating, yet, as the firc 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-
faction 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 fhot,
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 elattici
is fufficient to overcome the refiftance of the fhot and wad,
and put them both in motion. .

- 82. It may be concluded from the preceding obfervations,
that the form of the veffel in which powder is burned has no.
influence on the force of the elaftic fluid. Indeed, as the
powder may be more compa& in one form of chamber than
mn 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 abfolute 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 demonftrated 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 compa&nefs of
the charge around the vent, the refiftance oppofed to its ex-
plofion, and the variation in the denfity or moifture of the
atmofphese; it is evident that, in firing equal quantities of
powder of the fame quality, at different. times and places,
differémt - effe@s will refult.. If the fate of the air beal-

" tered, ‘both with refpe& to denfity and moifture, the ranges
will bufenfibly fhorter, as the fucceffive inflammation of the
grains>will be flower : this frequently occurs when cannon
are fired'over the fea, lakes, or marfhy grounds, from which
thetc'is o' @trong exhalation, T

: t
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It will be thewn, in the fecond part of this treatife, that the
initial velocity 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 conftruted 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
conftru&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 exaGnefs, 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 fhould be of the fame kind as the proo{"
powder : if the ranges be equal, the force and goodnefs
of the powder Is alcertained. 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
rarefaltion of the air might occafion in the inflamma-
tion of the powder, or the refiftance of the fhot, the
two powders fhould 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., T he mortar fhould 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
thele 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 afcertgined, than by any other method
yet invented: for complicated machinery is fubjet to nu-
merous accidents ; many of which are avoided by fixing the
nrortars fo folidly and firmly in their beds, as to form as it
were but one fimple machine.

CHAP. V.

OF THE CHARGES THAT GIVE THE LONGEST
RanceEs. :

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 ot powder has cf?e& in all
fire-arms (47, 71), and that the quantity which takes fire
is in proportion to the refiitance to the explofion, the denfit
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 atmofphere (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 detere
mined circumftances : and, in order to render them ufeful
and conclufive, they fhould 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
fhoyld 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 fam¢
quality produce the longeft range.

C 2. To
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2. To afcertain the greateft quantity of the fame
powder that takes fire.in the piece, fired precifely in the
fame circumftances. This diftinéion muft be carefully
obferved.

It has been demonttrated, in fpeaking of fhort guns (80),
that when the greateft number of grains take fire, the range
is not always the longeft: Now it is ealy to extend this de-
monftration to pieces of all lengths. To 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 paffes
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 ;3 of the length of the bore, and that
all other charges give fhorter or longer ranges accordipg to
their deviation from this proportion, Thus the exmf ents
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 dg hot take
fire, and that all the elaftic fluid is not generated hefarg the
thot iffues from the mouth of the piece. 'Whence on'com-
paring two unequal charges of cannon powder, th rpa}f:ﬂ
of which is_entirely confumed in the piece, while the
is only confumed in part; it will be feen, that thopgh th
longez range might be expected from the largeft) 23
more of it may take fire; yet conclufiuns cniiiemybpgqﬂte
may be drawn from praice : whether it is, that £ ed
powder increafes the weight of the fubftances to be impeglled ;
or whether from the quantity of the charge, the fpace thrgugh
which the thot fhould pafs is too much diminifhed,.. Since,
then, in fpite of the inflammation of a greater nymber of
grains, thefz lirge charges do not always give the longeft
ranges, and they ulelefsly increafe the confumption of pow-
der, and fhatter the carriages ; our principal obje& fhould be
fo determine precifely the charge which, of all” others yndet
fimilar circumftances, will give the longeft range in pieces
of all calibres. I

88. There are three methods of determini perimentall
the charge that impels the thot with the ;‘2‘&% ando’;'
courfe gives the Jongeft range. o B

‘ i. By
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1. By finding the initial velocity of the (hot 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 ?aﬂ method is the moft complex, and gives approxi»
mations leaft exa&; as feveral circumftances may concur to
impede the motion of the thot, and alter it’s direCion ; but, as
it ismoft common in practice, we will firlt examineit. The
inveftigation of the others will lead us to the folution of feveral -
yery important problems. ) '

To find tne charge that gives the longeft range—

1. Fire feveral rounds from the fame piece, under
circumftances as nearly fimilar as poffible, 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, 3t the fame time, to avoid a prolixity that could add
nothing to the exafinefs of the conclufions, the officers of ar-
tiflery at Turvn, in making the following experiments, laid
the gun, at firlt, horizontally, and afterwards, at the higheft
elevation the carriages would admit of.

80: THeé experiments began the 7th of February, and ter-
mimated the 3oth of March, 1746. They were, generally car-
ried ofi- in moderate weather, and in the afternogn. Several
rounds'were fired from each piece, with equal chasges, The
gons were mounted on a part of the fortifications of the city,
where the axis of the piece was thirty feet higher than fhe level
of the country where the fhot fell. In the dire&ion of the
range a'line was traced, and pickets fixed in the ground at every
hundred feet ; and, to prevent all poﬂibilit{ of miftake, each
picket was numbered. To the right and left of the ranges,
men were pofted to mark exa&ly the fpot wlere the fhot firlt
w-; while the officers made the neceffary obfervations upon

e g, which moved freely upon a folid horizontal plat-
form, twenty feet in length, and ten in breadth. The guns
were four, eight, fixteen, andcthiny-two-pounden; and thofe

: 2 : which
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which had the bore cylindrical, and the vent firuated at the
bottom, were conftructed according to the proportions laid
down in the Firft Book of Artillery.

Nature of Guns. Length of Bore. Weight.
Pounders, Calibres. Cuwr. gq. 0.
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-twifled bay, properly gauged; the shot were
weighed, to fee that they were exadly equal in weight ; and
the windage was in.the ratio of twenty to twenty-one.

- The guns being loaded, 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 | the:xecoil was meafpsed ; the wheels were placed in
the fame pofition, between lines, to. prevent the flightelt dif-
ference. T'he coins placed.under the breech were marked be-
fore the difchavge; and if moved by the fhock, the expe-
. riment was not confidered as exact. - :

- Thefe - precautions. 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
~chasge. : The chargethat gave the longe(t range having been
alcertained: by repeated. fiings, the principal objeét was, during
the latt.five days, to remark what. alteration might . arife from
~any changein: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
threerounds were fived, with gach of the charges of 1lb. 40z.
xibi. rooz: - 2lb. 10z. 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
like mannaer 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 eight-pounders were fired, with charg:ls

; equ
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well wadded,- with the addition of a thot and wad. over it 4
the: lengtht of the recoil will be again increafed. At leagth,
with fimilar charges and wads, and, inftead of one, putting
two:orthree fthot into the gun, the recoil will increafe o pro<
portion to the number of fhot, and the range will diminith.
92 We may czﬁly apply this fa& to the experimenss. of

17

fb &m&been provod (71 75), that only a limited quantity
of caamen 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 takem.to-
gether. as a conftant .quantity termed C, and the fubftances
1mpelled towards the: mouth of the gun, viz. the two wads
and the thot; as'P ; ‘the length-of the ‘rarige ought to be to-
the length of-the receil as C : P, without making allow-
ance for friction dnd'the refiftance of - the air to the motion
of the fhot.” ‘But as the fpace. that the fhot thould move
through in. the picece is duminithed in proportion as the
charge is-intreafed, - and . the: ofs satrix confequently alts up-
- on it for a fhorter time ; the decreafe of impulfion.muft be
dedu®¥éd: from the saflion of 1he" ehaftic fluid generated ;in
greater quantity:as thbcharge ¥ larges : Hence it refults, thae
the ranges: are rpngpdrusnally fhostdt than the recail, chough.

botbhinceeafer axiths chatpe isiaugmeasted, -~ o nl
t i ﬂmdhtgetcd'o'anwinumed that a ‘past I'iarrives
at the mouthrofuthe: piece withont taking fire, then' the fub-
ftancesiito Heimpelled beirig: in  preater  quantity, the fame
circymftance that occurs.when:feveral (hot are put into the
picoe-will 1in riart «écoqr here. *Asino more grains will be
fned,mhzn if the dharge were fmallerand all ignited, the thot
widl acquite itfs velokiy s but the readtion azaintt C increafing
- at.the fame timey'the receil will be greater than before.
The folftandes © 41 forced towaids.the mouth of the piece,
ingto the ‘explofien of the claftic fluid a greater re-
fifance ¢han B-alone, and thenumber of ignited grains and the
of fluidt‘gederated during the time that the fhot is
moving along thie-bore being more confiderable, the ablolute
increafe-of five alting againft the gun and carriage muft atfo
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 fhews clearly, that
the ranges or the initial welocities of fhot impelled from guns
are propartionally lefs 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 (hot are of no effect.

Q4. 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 upen 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 trannions, or
when the coins are made of too elaftic a fubftance. The
other is an attempt to tetire with all the machine ir a di-
re&ion oppofite to that of the movement of the fhot, which
is termed the recoil. :

95- The better to underftand the caufe of this deuble mo-
tion ; let a refifting veflel; in.which powder takes. fire, be fup-
pofed to have the vent flopped .at the beginning of the in-
flammation, no motion wilk in this cafe be perceived, becauie
the elaftic fiuid, prefling equally upon the: fides -of the'cen-
taining veffel, and- all ithe pants haviog a-mutual sttraQion,
its powers are in. equilibrio : the balloon inflatedi with. air is
a very fimple;demonftration of .this. TR

96. But if the.claflic fluld can efcape through an aperture
made on purpafe, or through @ :clefe. canfed by its action on
the Gides:.of . the veflel,. it wilkbe impelled in 2 direftion op-
pofite to the.aperture, with. a-fotee proportiomate 10:the den-
fity -and. velocity .of _the fluid. -For. the elaftic ‘Guid in
cfcaping -meets refiftance frem the extérnal air, end impels
it and the veffel in oppofite:directions ; and if the veflel itfelf
be not equal in ‘weight to the ation of the fluid, it will be
put in motion: {ince the column: of air 'which refilts. this
motioly 3nd tends to preferve the veflel in a Rate 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 rufhes out, the greater will be the re-
fftance, and the loager the recoil : a number of experiments

Cs might
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might be adduced in fupport of this, but the common fky.
retket fully exemplifies it.

97. When fire is introduced into the vent of a gun, the
altion 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 fhot 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
refitance 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 fhot 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 their 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-
ceflary, 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 alion of the breech againft the coins in the oppo-
fite dire&tion, 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 aitned at. When the
wheels are of unequal diameters, or not placed in the inter-
vals Qf the correfponding 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. R

99- Thelength of the recoil during the time that the
fhot is paffling 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 elattic fluid muft exert more force to move the
charge than to move thegun ; as is the cafe in ufing the wad-
hook to draw out the charge, the gun being drawnforwa : rd

: before
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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 varieties 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 pra&ical folution, with refpe&
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 bez-e-. Let one round be fired with a wad

over the powder, and the recoil=A. Let afecond be fired
with-the addition of a fHot, the recail=B will. be greater

- PD BPD ,
than A;and A : B:: —: ———=the length of the ‘recoil
C AC )

in the time that the (hot 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

horizontal platform

=4 an inch. " So that if the plat-

form be Qe‘gyA 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 anly ufeful in facilitating the operations

. . . BPD
of the artillery-men : indeed, .as_the value —vc—- may, from
. A

circumiflances vary alittle, allowance (hould be made for it.

- 100. Let the fecond effe& (go.N°@.); viz. that the
ebarge which gives the langeft range in pieces of fmall calibre,
is propertionally greater tban the charge which gives the lon-
geft ranges in pieces of large calibre, be now confidered.

his effe®, which conftantly appeared ia the foregoing ex-
periments, could only proceed from the fize of the vent being
equal in the four guns, and from the wads bejng 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 compa&, and the charge adhering clofer lt‘o
- the
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the fides of the gun, the reGiftance is increafed, and more
grains are fired. .

xo1. In the fpring of 1750, the officers of artillery beigg
direGed to invettigate. fome profeflional points under the or.
ders of the Chevalier FERRERO BI PonsicLione, ‘made
feveral experiments to find the charge that gives the Jongeft
range, when the pieceis 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 fhot being rather larger, the
windage was lefs. They were loaded with the ladle with
‘different charges of common grained canuon 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
exaétly 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

Natureof Guns.  Weight of Length of Recoil,
Powder. _ Ran}c.

1

Pounders. ' Elevatiin. 15, oz, Yards. Inches,
o ‘2 ; - 2375 — 52
- 2 — 2219 — 6o
4 -4y 214 — 2422 — 70
C 35 — 256 — 7
‘ 3§ — 321 — 46
' 4 2 — 2463 — 6s
- 8 «= 11°{ 415 — 2486 — 85
§12 =— 237§ — 102
6 9 — 2675 — 119 -
5§12 = 2659 — Y
6 g =— 2860 = 46
_— ° 7 3 — 2663 — Q90
r6 12 8 3 = 2810 — 97
9 0 — 2764 — 108
) 9 lg — 2892 -— 113
1 - 3172 — 117
13 2 -~ 3032 — 120
32 — 1§’ 14 6 — 2995 — 124
16 6 — 3220 — 146
18 0 =— 3084 = 168
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102, It refults from thefe experiments, that the charges
that give the longeft ranges when cannon are fired at the
higheft elevation their carridges will admit of, are greater’
than thofe which produce the fame effe® when fired hori-
gontally (89). But the ranges do not increafe in the regu-
lar progreflion that might be expeted. For inftance, in.
the fixteen pounder, the charges of §lb. 120z. and 71b.
3 oz. gave ranges nearly equal, while 61b. ¢ oz, gave one
much longer. Thefe irregularities proceed from the diffe-
rent charges not having been fired on the fame day; the
§lb. 12 0z. were fired the 23d of March, the 61b. g oz.
the day following, and the 7Ib. 3 0z. 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 ftate of the
atmofphere, would have been avoided : in the 4th and sth
chapters of the fecond part, this matter will be more fully
difcuffed. ~

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 longett
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 thoyld 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
occafiopally occur, though every precaution betaken to fire
them wunder circumftances as nearly fimilar as poffible. -
Thefe inequalities were neither fo hxequent nor confide-
rable in 1746 as in 1750; but it is impoffible totally ta
avoid them, for fuppoling the diretion of the guns to remain
unaltered at the explofion, yet there are two caufes which
feparately or conjointly may render the ranges from equal
charges . of powder unequal.

v 1. The fhot in pafling through the plane of the gun,
may not exaltly follow the direction of the bore; or on
quitting the gun, it may take a different direction. -

104. 2. The powder may not be equally well colleed

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 wh:‘l
ramm
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rammed with the fame force. In this cafe the quantity
of powder fired in the larger charge, varies in proportion
to the difpofition of the grains to inflammation ; for in-
ftance, in guns laid abave 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 concuffion of the carriages.

105. Wherefore, the two extremes of very large or very
fmall charges thould be equally avoided ; for the firft does
not compenfate for the uncertainty of their ranges, or the
great increafe of recoil, by the additional velocity and force
given to the fhot: 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 loaded with fmall quantities of powder.

106. This obje& 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 fhot,

The knights of Malta, on feeing the report of the French
experiments, were induced to dire@ Sig. MARANDONE,
engineer of the order, in the month of Auguft, 1747, to
* repeat them. He fent to the regiment of aruillery at Turin
a detail of his pratice, and afked the opinion of the officers
on the conclufions to be drawn from it. BHaving obferved,

that on ufi f the weight of the fhot,
the ranges ly ;. he did not think it
neceflary t for finding the charge
that woul and judging  that the

French perauas wws wewnwe . .dsy he.concluded that
when cannon of a large calibre are charged with a fironger
powder . ufe, the charge which aught to pro-
duce ti muft exceed 3 of the weight of the
thot: tui» cousiuuun 15 conformable to our theory, and the
refults of our practice. e

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
gxceeded it, as their powder was much weaker than that

now in ufe. .. Sy
107. The
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107: The charges we have laid down as giving the longeft
ranges (89, 102) are under fimifar circumftinces, the fame
in all guns of the fame calibre, whatever be their length ; fince
the increafe of length does not generally caufe the inflam-
mation of a greater number of grains (71) the charge which
in one gun will give the longelt range will give it equally in
a fhorter one of the fame calibre: very fhort guns 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 obje&t aimed at; the fecond is, to ftrike
it with a due degree of force. The firlt 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 (Philof, Inflit.) 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 illutration. Befide, brafs
guns fired frequcntl{ 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.

109. Toapply thefe confiderations to pratice, 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 ar the diftances fet down in the fecond and
third book of Military Architecture, and the Treatife of Ar-
tillery ; this we will call the largeft fervice charge, and fhould
only be ufed in cafes of neceflity :" the fmalleft fervice-charge
fhould 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 fhould vary ac-
cording to circumftances, from ; to 3 of the weight of the
fhot : the wads in thefe pieces and in thirty-two and fixteen
' . 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 cruthed and beat fo clofe as to prevent the
fire from penetrating. The charge for richochet and red-
hot firing, is very fmall in proportion to the calibre ; it de-
pends in fieges on the fituation of the gun, as the diftance
from the enemies 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. thould
be between ;- and ; of the weight of the fhot, according to
the calibre and weight of the gun. '

110. Though our obfervations have been hitherto confined
to the proper charges for guns; yet thofe for mortars may be
eafily 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 clofely con-
fined by well fifted earth rammed upon it ; it is clear ii this
cafe that the charge cannot be augmented. Befide the con-
cuffion.is more violent, and the ranges are lefs exaQ, when
the charabers are not filled ; therefore, to throw a fhell to a
certain point, the chamber fhould be filled, and the range
regulated by the degree of elevation. |

111, We will conclude this chapter by fhewing experimen -
tally how much the difference in the fize of the vent affeéts the
force of the fliot. 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 ; oneend 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 i:fenmﬂy placed, a circtlar-hole
with fpiral fides was drilled ;% of an inch in diameéter, to
which three fcrews were fucceffively applied ; the firft exally
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 1% of an inch in diameter, through which a
part of thefluid might efcape; and the third had a vent of T‘vf
o
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ofan inch in diameter. ‘The mufquet thus prepared was
loaded each time with 10 drachms of fine powder put into
cartridges, and with an iron ball 15 oz. in weight ; the wads
were rammed down with equal force by the fame man.

The experiments began by fring the mufquet with the
fcrew that entirely clofed the vent; it was then fired with the
fcrew 5 inch in diameter; afterwards with that of 1%, and at
length without any fcrgw. The charges were fired by the
hot iron fcrewed into the breech: the obje& was a plank
placeéd at g feet from the muzzle of the muiquet.

The medium of the penetration of the balls in 24 rounds

is as follows :
Iﬂ"‘a‘o
6

with the vent entirely clofed - - -
In the dif- } with the vent % of an inch in diameter - 8
charges ) with the vent % of an inch in diameter - 67
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 large vent be left open, and a theet of

per ftretched 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 opiition that thefe grains are a part
of the prithing is erroneous: -+

Pa

SEGOND PART.

¥

IO .
+ Or: Foxck or Fired GuUN-POWDER.

112, I T 'was thewn in the former part of this work that
the principal properties of powder are fubje& to many mo--
dificarions, even in experiments conduéted with the utmoft
care; How much more important and frequent then muft
they bg when powder is employed in military operations ;
where, from the naturc of things, there can neither be fo'
much agtention paid to prevent irregularities, nox o much

accuracy
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accuracy in the conftru&ion of the machines. Incalculate _
ing effeéts deducible from phyfical caufes, a precife folution
of the problem can never be obtained ; it is always com-
prifed within limits more orlefs ditant from the abfolute
trath, in propartion to the number of caufes that conduce to
the fame effet. Confequently in meafuring the force of
powder fired for military purpofes, no precifion can poffibly
be expeCted ; and from the naturc and number of adyenti-
tious circumftances, the limits that colprehend the folution
of the problem muft neceflarily 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 diftinét parts, and confider each of the con-
ditions feparately, in order to combine as much as poffible
theory with pra&tice. 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 fubje& of the chap-
ter. Since the inflammation of the grains, and the total de- -
firu&tion of each is effected fucceffively, and in a time pro-
portionate to thé quality of the-powder, the fize of the grains,
&c. and fince on the other hand the force of powder depends
principally on a"permanent'fluid generated at the explofion,
the elafficity of whith is increafed by the prefence of fire: it
follows that this fdrce iticreafes contitilly from the: inftant
that the inflimmatioh commences, fill “all ‘the ‘powder be
confumed, and then is quickly reduced by the decreafe of
Reat, to the fimple elatticity ofthe permanent fluitl.'* There
is then'a period when the degree of Heat is mof ‘intenfe ;
but this varies ‘evén in powder 6f the {ame quality; when
fired "under different circumftances.” As no general and
conftant law can therefore be eftablithed, we muft be con-
tent with afcertaining the greateft degree of for¢e in -parti-
cular cafés ; which founded on certain'data, may be ufefully
applied t6 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 vaih hypo-
thefes and chimerical fuppofitions formed ; let us in the firft
place examine the force of powder in its moft fimple ftate,
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 eélpl_lloiiq;.

AP,
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" CHAP. L

Tue METHOD OF MEASURING THE DeNsiTy AND ELAS-

. TICITY OF THE PERMANENT FLUID, GENERATED
FROM FIRED POWD!R, WHEN REDUCED TO Tﬂt TIM-
PERATURE OF THE ATMOSPHERE,

114. 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. Bat it is impoffible to afcertain the exact degree
of preflure of the fluid in a clofe veffel 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 fol-
lowing experiment will give the moft accurate approxima-
tion, .
Fic. VI. This machine feparates as much as poffible,

the permanent fluid from the {moke, fulphureous va-

pour, and caput mortuum of the powder, and diminithes

cox{}_ﬁderably the action of the heat that remains in the

veflel, : :
A A BB, is a cube of brafs, of which the two fides A A

BB are cylinders terminated by portions of fpheres :

A A, is made to re¢eive the fcrew E E of another-

hollow cylinder EDDE. F G L are copper veflels

of different fizes, which fcrew on to BB; HIH

is a fmall cylinder of brafs faftened to the cube A B,

by two fcrews H H ;. within it isa piffon K, nicely

fitted, which by means of the fcrew I, opens or thuts

the pipe 00, pp, that communicates between A A,

BB, MNNM is a parallellipipedon of brafs fixed

to the cube A B by the fcrews M M, and the little

ipe ¢ ¢ correfponds to 7. SRS is another paralel-

jpipedon of the fame metal, hollowed in the form of a

linder ; the opening #¢ is filled with a glafs veflel,
consaining a coloured liqug, the furface of which, &
.o . : 4 ma’
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" may be diftinguithed through the glafs. At the u
' pazr¥ of the paralléHipipedon is an aperture R, by wﬁﬁ:cl:
the external air' ¢omtrduticates with the infide of the
veflel. " VW isa long(;lafs tube, open at both ends ;
" it is attached to a platé of brafs X X which is faftened
to S R 8, and graduated in the fame manner as 1 baro-
toeter : y yis alfcrew made to turn very nicely - the
lower part S S of the paralleflipipedon S R 8, By tneans
of which the furface & of ‘the liquor contathed in
~ the glafs veflel can be raifed or lowered at pleafure.
When SR § 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 exa&ly with ¢ : 10, 12, 18 is 2
*" folid cylinder 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 refts
the ledge 11, 11,in A, 11, A: its diameter 17,
17 ought to be about 3 of an inch lefs than the interior
diameter 18, 18 of the cylindet EDDE: 5,'7,9isa
piece of iron that ferews into D D at 7 7; the infide
is fpirated to admit the krew §, 6, 8 at .
" For the fake of making the experiment with more eafe,
the cabe, A B'is faftened to a circular bar T T of any
' ;g}e.lasl’,'lﬁlaﬁéf:s“high as may be :ieccfﬁiy for the purpofe
2o "zpf;fzgx' ' the  differerit veflels F G L and fctewed on
fitoa't or other convenient place at mm.—
113.For the ‘experiment, apply RS to NN ‘dnd fcrew
. on the recipicat FGL to'BB. Place the cylinder
10, 12, 19 upon the ledge 11, 11, and having put the
* %roper quantity of powder into 12, fcrew’ the ¢{linder
DDE to AA. At g of the piece of iton s, 7,
"9 ly"a'thin theet of lead, and when s, 7, g is fcrewed
~on to DD ler falt it 5, g a hot ball of iron, which will
" Be fetained at’q’ by the theet of fead. Inftantly ferew
.8,6,8fnto g %y the handle 13, 13, fo that 8, 8 may
exactly fit 14, 14; the point 6 puthes the iron ball into
the cavity 12 containing the powder, and g, g is exally
. 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
so. The elaftic fluid generated at the explaofion, foon
fpreads from the upper cavity into the pipe 00, pafles
through p p into B L B; thence rifing through r, 7, ¢,
g it
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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
nfter 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
clapfe. At theend of twenty-four hours, the liquor remains
ftationary in the tube, affeted like the thermometer, only
by heat, :

yThefe 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
firlt, but ite effefts gradually diminith. On comparing the
‘height of the water when it becomes fationary with its
heighth, when the undulations ceafed, the difference will
denote the quantity abforbed by thefmoke, &c. If the:inftant
-the andulations ccafe, the communication een the upper
_ and lower cavities be clofed by the piftoa K, the water flops
fuddenly, and never varies in leight, unlefs affe@ed by fomie
alteration in, the temperature of the .atmofpfiere ; if),' after
- fome time, “the communication be again opened, the water
‘wijl fuddenly fink in the tube, beraufe the elattic fluid con-
‘tained.in, the lower cavity, gifes to nc-:?abhfh an equilibrium
. -with” that in the upper one, a part.of which has been ab-
forbed by the fmoke aod caput mortuum,

a17. It will pog be aly’s previous to the experiment,
to make a -fow phyfical obfervations on the effe@s obferved
-above, and give fome of the motives that influenced the par-
ticular conftrution of the machine. When the quantity
of powder confumed in the experiment is y55 of what the
upper cavity could contain, if the cylklder?E‘DE 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 y2 of the other
eylinder 10, 12, 10; the altion 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 fire or finoke ap«

D2 pears
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at the other extremity A 10 A, nor in the recipient
F GEL. This proves that when the communication be-
tween the two cavities by the pifton K is opened, the elaftic
Auid preads 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,
and its fudden fixation when it is fhut, can only be attri»
buted to the abforption.of a part of the elaftic fluid, by the
fmoke and caput mortuum (116): it was neceffary then teo
form a communication between the cavities, by this or fome
fimilar contrivance.

If inftead of %5 of the powder that the upper cavity
could ontain %5 be burned, the only difference will be,
that the mark of the fire and fmoke will defcend nearer to
the ledge 10, 11, 10, yet without entering the pipe oo.
‘But, if @ much grester quantity of powder be ufed, a part
of ths fmoke 'will ‘accompany the fluid into the recipient,
on the opening of ‘the comwuaication, abforb a part of the
-fluid, and diminith its preflure on the furface of the liquor.

The cylinder 10, 12, 10, is defigned 10 leflen the aétion
of the-heatupont the fluid, and prevent the fmoke from
penétrating into:the recipient 3 for,

: 1. If the powder be fired in A1r A inftead of 12,

* a partof the finoke and caput mortuum, would readily

- pafs thrqugh:the pipe -vo im0 F G L, and not only
abforb a*part of the elalic - fluid, but alfo clog up the
pifton K when wanted to flop the communication.

g, 'Ifl}e cylinder 10, ‘12, 10, incteafiny the fuper-
ficies of the upper cavity, and the fire ating upon a
greater humber of phyfical points, the heat being thus
conpmunicatcd to a larger mafs'is lefs, as is thewn in
~ 7 the y® part, chap. 7. =~ 7 e

3¢ Asthe heat arifirig frony the inflammatioh of ‘the

‘powder, and the hot ball is almolt entirely concentrated
¥ in" the cavity 12, D, E, and’ confequently’a&s upon'a
"'part only of the internal air' and the elaftic fluid, it
, increifes the clafticity 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 dif-

pofed all the parts of it properly, without putting
any powder in 12 open the communication, and fl:ltl
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fall into 12 a red hot ball ; the heat expands the air

+ 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 expenment, the ball in

pafling through AD A to fall into A 11 A, rarifies

- 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 experiment; but defcends fuddenly, .and
fixes at a point only three or four times higher.

118. Having explained the conftruction of the machine,
the combination of its parts, and the eﬁ'e&s that powdet
has on it, is neceflary to examine;

1. If the elaftic fluid can efcape. This may "be
afcertained, 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 a: thcrmometer placed near the
. machme, differ.

2. The quantity-of faltpetrc equal to the contents
of. the upper cavity to: the piftan K, and of the lower
one from K to the furface of the water contained in

- the glafs veffcl taken togethes fhould betkdown. To
 find this, weigh the quantity-of seater shat will;fill the
‘. two cavities : in our machipe, it Wasi ,cqm!xto%k6580
grains. Now as the fpecific gravity of watet-is g that

b
of faltgcqe a5 10: 19, the Iaft torga ’9’“35%

_ expref-

1 fes tbe quanmy of faltpetre equal in: bulk ta t.be con-

..3ents of the two cavities.

119. To begin a courfe of expenmems m{np fo fmall
a quantity of powder.into 12, thatthe {mgke il not pafs
from one cavity into the other ;. then [hau properly ar-
npgedall the parts of the maqhmc, and? ed the com-
munication, drop the hot ball into the capal g,'9, where it
will be retained by the fheet of lead. Inflantly fcrew on
8,6, 8 which exally clofes up the canal s, g and puthes
the ball into 12 to fire the powder then open the com-
munication between the two cavities, and when the undu-
Rtiops of the water in the tube fubfide, clafe it again.
When the water rifes in the tube, the furface & jo the
glafs veflel finks: raife it by turning the fcrew y y, till it
reaches the point it was at bl;fore, in order always to prefcr;r‘e;
. 3 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. & . deducting the augmentation proceeding. from the
attra&ion of the glafs. « The effeéts of this attralion are
known previous to the experiment, by noting how much the
witer contained in the tube, is higher than the furfice &
This experiment fhould be repeated -feveral times in the
. famk mianner, 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 it the tube at each time remarked. Neither the
recipient FG L nor the cylinder ED E fhould be ever
touched: with the naked, hand, but with a folded napkin, for
the conta& even of a finger would in a fhort time excite a
degresof heat fuflicient:to. raife the water in the tube. Af-
ter-foveral repetitions, .take the mean height; thus the va-
rieties accafioned by the abforption of a part of the fluid, and
the beat remaining 'in the machine may be accounted for.
Call dhis mean height @, and the mean height of a baro-
meter: filled: with the fame kind of liquor.as the gla(s veffel

. i . a .
Aj; i fraipn " will exprefs the ratio between the elafti-

city of ‘the fluid produced from the powder, and that of the
atmofpheric air. < 7 ’
‘$80.'1n fmall quahtities of powder the praportion between
the faltpetre and the othet ingredients may not be exactly the
fanie as i & darger mafls ; ‘which i a feries of experiments
mayearfe ‘aicorfidetable variatiohin' the' elevatiofi of ‘the
water in the tube. To remedy . this inconvenience, grind
fome faltpetre, fulphur, and charcoal feparately ; weigh the
faltpetre. 3nd mix it with fuch a .quantity of the other twar.
ingrediepts. as will moft quickly confume .it.. The mixture
need not. be granylated, as the claflicity and denfity of the
fluid ase the anly ohje@s of. refearch in this experiment 4 the
pﬁﬂggjﬂon being enly employed as the means of decompofing
the pitge. . . | , e e
125. The ehflicity of the fluid, though very much dis
lated ig the two cavities is exactly proportionate to its dens:

: . 4 , _ -
fity: ¢hue the fradtion " exprefling the elafticity =n will alfq

expre(s the denfity. - Now fuppofing the contents of the twa:
- o o cavities
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19 X 16580
cavities taken'together =¢ = (138) = 31502 griitts,
. 10 ’
and the faltpetre made ufe of in each of the experiments =74

then ﬂ'-"\flril'l exprefs the denfity of the fluid contaned in 2

fpace=f. But the non-elaftic fubftances = which are in
the faltpetre muft be dedudted from f,. call their bulk =rm ;

‘ - ne
then f—rm will exprefs the quantity of the fluid, and 7—.—.—
: L : « —rm
will exprefs the denfity of the elaftic fluid when confined in -
the faltpetre. ' -

122. 'The fpecific gravity of the ‘figid generated from
nitre is fuppofed to be equal to the atmolfpheric air, Then
fince the fpecific gravity of air to faltpetre-isas 1: 1 520,-and
the contems of the two cavities taken together are equal to q
quantity of faltpetre=c; the quantity of air in the machine
( Fig. 6.) capable of producing air effeét & equal to that.of the

fluid f— m will be reprefented by gbn.ggprefﬁohg;‘—;. Then

f—m:x;':o; and fubftituting in this equation, the known

values c=31502, f=6 grains, n=211-, that of m will be

=4 grains ; and as the quantity of elaftic fluid contained in
nitre is propartionte to its mafs (§7), it will be expreffed by,

the xjatf? £ '_f”':;of the' mals of faltpetre.: It does not

follow, becaufe the fpecific gravity of this fluid 'is' equal to
the atmofpheric air, that it has all the other properties of: it ;
much lefs that'it Is pyre 4ir : For it has been praved in the
former part of this work, that the greater the rarefaction’ of -
the air, the more difficultly powder is fired. N?W the elaftic
flaid generated fram the firft burnt grains not fupplying the
want of natural 4ir, we muﬁ‘at’lﬁﬁgallow, thatat "(t,heg firf¥
-inftant of * its generation it is deprived of the property which
the aerial luid paffefles, of accelerating the burning of comw
buftible bodies. .1t would be a refearch foreign to ouy pur-
pofe, o enquite whether the elaftic fluid does or daes nat

acquire this property fome time after its production. .
D4 123. In
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123. In'the theoremf (ux), if the known valoes
of ¢, n, f, m be fubftituted, ind r_—i;- that is to fay, if
the denfity of the non-claftic fubftances be equal to the den-

ity of the fixed nitre, 7——: 942 ; the denfity of the elaf-

tic fluid is thcn 942 times greater when inclofed in the fale-
perre, than when in equilibrio with the preflure of the
atmofpherc

. The quantity and denfity of the elaftic fluid con-
tamed in faltpgtrebcih known, it will be eafy to find the
denfity of that generatcd from a quantity of powder:fired ip
4 clofe veflel. --Suppofe the veflel be exprefied by a mafs of
Saltpetre, the weight of - wh:ch::G; ‘the elaftic. fluid. wnll

g-?- the non-ela(hc fubﬁances -?Go-, .and their mfs =

38(3\ 43G

3—— (1225 Thus G~ 1

of thc ﬂuid -(3;-

¥ the quantity of powder ﬁred in the veﬁ'el G beexprd
"fed ty b-{? 2 wt:Zre 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 fabRamces
, =4p, then the volume of the fluid, after the powder is fisod,

22 7 will be the folume

cwill bc;'G-—qp Now, if ‘the value of this fluid wh'—‘g-

its dcnﬁty m the w?ume G-pg would be to :u deqﬁcrm
43G e me 43G

the volume-ﬁ- as F=rm f—rm 8'1—;‘(‘}‘_';‘;‘.943

G
942 X 81-‘3-6:;; éof_(‘;. But if the volume of the flaid

be only b, then the proportion will be-(s—; b:: 5—;’
goﬁ- the denfity required. For example, fuppofe the vef~

§ -“ . ‘d
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11 G be filled with war powder : From the compofition of
this-powderp=4b, and a veflel which could contain a quan-
tity of faltpetre = G s filled with 2 quantity of powder

we:ghmg '§_8§ and the value of gis knovm by other expe.

nment;—to about J— then bh+p= 4b_.—§-8(-}, ‘now " fub-

lhtutu-f in the place of b the numbers and values of G ana 2

15005 1500k 1500 _, oo thatisto s :he
—rq 6—71' rsz 7 ’ i d‘p’ﬁg

of timﬂmd pmduoed m the veflel. G ;s,gq;xal m
1gz-timed;the denfity of the fame Buid when its elaﬁxéc?:@ is
equaino the mean prsﬁure of the, atmo(phere. L

<185 T deteroaing : she,sJafticity, of .the, finid gener:
from a given quantity pf powder fired in ‘2 clofe veﬂél,
of thtfe two theorems RS 11t ) AP

- 385996275 ; 98}*99613**%— 2 m xm—&'» 2p
may be ufed : the ﬁrﬁ when the denfity of the. Qgpd is ?cf- ‘
than 20; the fecond when it exceeds 20 : irgthe firft cafe, it
wiltcbe fufficient to find, acerding,te the methql land :¥>
in'the preceding pmcx??uxihc walue .of, ths denf
fluid, thent fubftituting this valug.in -the place oﬁ " 1;\ fhc »
thedsem, thie preffure of ghe fluid agamﬂ a(ueefﬁ%s n
beleaprallis in-pounds.. It the fecopd c?wgp,, !{e&
w:t 943;, whxch(expr;ﬂ'cs gr:dhe :@e::dty% t :hﬁpmd

in the aitre. (123) 5. of n, the v,
the denfi of the fluid %gzinelfated from the nitre‘fourﬁim; in

. the) pamgraphy . Then the, thg
of the genequ ﬂund on aTuperﬁcacs expr
o o -~\ © -~~~\ 1
Sty o~ T ..,..:’1;\_"2-
A R TR
.\.\C
““T% & 2 Wt} . b} mee .. :
wadpslogytl oo, L R CKAK

.
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CHAP. IL

Tue MeTHODS OF MEASURING THE GREATEST Fomce
or FIRED PowpiR AT THE INsTANT oF ExProsion
IN A VESSEL THAT CAN NEITHER INCREASE IN SiZE
NOR ALTER IN FoRrM.

126. I F it be fo difficult to meafure the clafticity of
the permanent fluid in its moft fimple ftate, how little rea-
fon is there to expe&, that its force at the inftant of explo-
fion can be afcertained with precifion, when the fluid is
greatly complex, and when from various caufes, its elafticity
may be increafed or diminithed. In fa&, it is impoffible to
define either the quantjty 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 rarefallion in
the common air contained within and between the grains,
the clafficity of the fmoke, and the increafe of elatlicity in
the permanent flnid arifing from the preflure of the fubftan<
ces, relatively confidered 2s non-elaftic, when expanded by
the adion of heat, are equally unknown.

‘The folution of fo involved a problem would feem to fur-
pafs human fkill, fince from the {hort duration of the phce~
nomenon, the numerous circumftances that affe& it cannot
be ;gnalyfeds_ as nofmetbod can behdevifed of afligning the
exaét quantity and force of each, cither by feparating at the
inﬂantq «of inflammation the fmoke from the other parts,
preventing the expanfion of the non-claftic fubftances, or
obferving the law in which the Huid is generated. The ut-
moft we can do is to afcertain the greatelt force refulting at
the inftant of inflammation from the reunion of all thefe
saufes, by the help of fuch principles as we may be able to
eftablith. To avoid entering into too long a difcuffion, let
us fuppofe the powder to be fired in ave{%el fo completely
filled, that no void fpace be left, except the interftices be-
tween the grains. There are three different cafes in which

powder may be fired :
i In



FIRED GUN-POWDER. 59

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 veflel, with an aperture left for the
dfcape of the fluid. .

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

It is evident, that on firing equal quantities of pow-
der of the fame quality, in veffels perfedtly 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 accur in the ufes to which
powder is applied in military operations. ‘The fecond hap-
pens fometimes in the chambers of mines, where the fur-
rounding fubftances do not yield to the explofion; and in
fhells and grenades, whofc refiftance is fufficient to put
them in equilibrio with the aftion of the powder. The
third cafe arifes in the chambers of mines, made in fub-
ftances fufceptible of impreflioh, and in fire-arms loaded in
the cuftomary manner.

The principal methods of meafuring the greateft force of
fired powder in the fecond cafe will be treated of in this
chapter, and in the fubfequent ones, the method of mea<
furing it in the third cale: confining our obfervations
however to its effefts on fire-arms ; fince in the third book
of Militaryarchitetture, and in the Treatife of Artillery,
the :gplication of powder to mines is amply difcuffed.

128, To meafure the greatett elatticity of the fluid pro-
duced from fired powder, it may be compared with the three
following refiftances, the weight, cohefion, and elafticity
of bodies. It has been found from experimerit, that the
greatett elafticity of powder fired in an invariable veffel, from
which the elaftic fluid can efcape by the vent (126. N© 2.)
is equal to about 1800 times the mean preflure of the at-
mofphere : the machines therefore for meafuring the greateft
force of different powders (40.) muft be capable of a very
great refiftance, and the weight to exprefs the force, very
confiderable, which renders it extremely difficult to conftruét
fuch complicated machinery, with the requifitc exaGnefs
and aesyracy, ' '

329. If
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129. I to reduce the ‘weights, or fimplify the mach}
the &ntﬁty of powder be lefs than the vefie] could g:r}xn:uyl’,
the fluid produced at the commencement of the inflam-
mation, being diffufed through the whole veffel, will not
be expoled to the fame degree of heat, as if the veflel were
fafl, 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 contining veffels ; and in veflels of
equal contents, in proportion to the quantity of powder.
‘Thierefore, to afcertain the greateft elafticity from the effeds
of a fanll quantity of powder fired in a large veffel, it will
be neceffary to repeat the experiment with different quan-
tities of powder, tll the miximum be difcovered, °

x'{o. The form of the veffel (hould be fuch, as to admit
of the powder being fo colleted, that the whole may take
fird_in the fhorteft time poffible, and a& inflantly upon the
furface of the refitting body, whofe motion is.to de-
terminé the preffore of the fluid: For if it be not in conta&
with the mo%i}e, inftead of an a&ion of preflure, it will be
an ‘a&ion of impulfion, and the force ccmmunicgted will
be muclf greater, than is the prefent object of this refearch :
to render the experiment ‘conclufive, this circuml‘%ﬁcﬁmﬂ

betm!ﬁ} attended to. - -7
Ta3r lr'rx ¢ common mode of proving powder w?th the
foifl ' 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 tos light, is put- in
fotion’ tecthe full force of the powder is prodyced.”™ -
““The’ sprouvette, is a vertical maching invented long g0}
for comparing the force of different kinds of powder by
fheans of * ﬁm. But to afcertain’(Fig, 7.)}th "r'wc&
elatticity, the weight Q MN QS ought to be: uéé:,;' eavier
tharr it geherally'is ; it thould only yield t¢ the mpelling
power when the claflicity is at its highe(t‘rde%r and be
tatfed jislt envugh to thew that it has given way fo the aQion
of the Rind. © ‘The weight may be' increafed or diminithed
st pleafure, by making it hollow in QS Q_and putting in
any heavy Tubftances that can be “uniformly arranged, as
{mall fhot, &c. which will preferve the centre of gravity
in the verticdl axis S T of the cylinder: at the fides of the
gprouvette two channelled uprights fhould be’ p(&c‘ To that
when the body’"Q M N Q_is raifed, the teeth L L iay flide

perpendicularly in the grooves. 0T
3132. The
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S:P wl

CIANCKY 01 ik nwa, ana > we furface

if in this eprouvette the diameter EF

+% of a foet, S will be =7 : then fubl

place of n, 9962 1 S =94 x 1800 X

weight Q M N Q_fhould not be lefs, tt

to the action of the fluid in its highel

but as fuch a weight is very ponderous

it may be meafured by a lighter mafs, b;

of S without diminithing the fize of the.
133. In the eprouvette AB C D, ma

CI ?D of fuch a depth, (Fig. 8.) thato

G CPDH of afufficient length to refi

of the powder, the height G I of th

nearly equal to the diameter GH. I

fcrew drill a cylindrical canal OP, a

of polithed iron of the fame form, fit

the flyid cannot pafs between it and tt

with a ledge at P to prevent its falli

where the powder is lodged; the axis

being vertical, place upon the head of tl

of which the centre of gravity is in the

to flide up and down in the grooves of °

to VP as in (Fig. 7.) Having filled

with powder, and applied fire by the

fluid a&in%)on every point of the fupe

the pin O P, and confequently the fup

which may be increafed or diminifthed

of the powder be only juft fufficient to

to which it is raifeg, will. thew the j

for the weight being expreflfed jn ¢

is equal to the bafe O in thepin 8‘!::. A Nus. e yauug

?: ”d exprefling the elafticity of ,the fluid may be cafily
und. - D ey
1 ?4;' ‘There are different methods of afcertaining the great:

eft force of powder, by the cohefion of the conftitugnt parts

of bodies. For example, fill with powder a cylinder of -

homogeneous metal, the fides of .which are of equal thick-

nefs, fecure the ends fo firmly with fltrong fcrews that

they will refift the utmoft force of the fluid, and fet fire to

the powder by a fmall vent made in the middle of the length

of the cylindet, that the inflammation may he as fudden and

geaeral “as poffible, The veffel will then burft longitusi;—

4 nally



62 . THE FORCE OF

nally, and the equilibtium between. the refitance of its
fides, and the greateft elaflicity of -the fluid - will be keown.

. The theorem for finding this equilibrium is- 9g6anr =mg
where r reprefents the radius of the cylinder, m the thick-
nels of the fides, ¢ the number @ipounds 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 m
are known quadntities, and the value of ¢ may be known
by experiments on the pieces of metal broken off from the
cylinder, by fubftituting them in the theorem, the value
of » which exprefles the greatelt elatticity of the fluid will
be found. It may be obferved, that thefe experiments fuc-
ceed better, when the cylinders are at firft thicker than
neceflary, and ave thinned a little afier each difcharge, till
they d::e fo reduced as to yield to the explofon of the
powder, ~ :

135. With the following machine, the elafticity of pow-
der may be meafared ypon the principles.of cohefion. A B
CD is a gylinder of bronze or iron,:.(Fig. g-a0d j0.)
within which is a cylindrical cavity E F G H 3a ¢ the
powder, it oan be clofed by means of the forew J, equal
in leagth{o about: 3 of the diameter E F, and perf | with
theveat L M. Pui into 2 eylindrical canal made.st G-H an
- jroa pin. QO P well. tempored and polithed to prefs perpendi-
cularly. o, 3,picce of sempered iron Q Q, S8 in:nbar of
iron thinner in the middle XY than -at the extremities,
which are pierced with two holes, 8, 8, -to- admisdthe iron
legs RT, firmly, united to the cylinder AB CR.  Below
the iron bar is.laid a plate of lead W W eounesing another
barof icon V V, and the whole is. fismly {crewed -together
by the suts Z Z. On fetting £me 40 the powdes inclofed
in the fpage EF G H,thein -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-S, endea-
vours to break it; which it effe@s when the-aQden of the
powder is greater than the reitarce of the bar. The plate
W W and the. bar VV flop the iron pim O P:when the
bar is beoken ;. thus E F G H is altered as little 4 paffible.

- Repeat the experiment with an equal quantity of the
me powder, but make the bar S § at each time of a diffe-
gent thicknefs in X Y, till it yields with great djﬁc:lezw the
adion of the fluid ; then app}'y a bar equal in thigknefs tothe
1aft, and raifingthe machine by the trunnions 10,10y faften
it

~
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it at a proper height ; fufpend from oo by the hooks 12, 12,
and the chain 11, a bafon loaded with different weights till
the bar breaks. The weight neceffary to overcome the co-
hefion of the bar §§ being thus known, in the theorem
9962nS =P put its value exprefled in pounds, and fubftitute
m the place of 8 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 exactly filled with
an jron 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
A BCf), fitting itexadfly oppofite to 2, 3,-and fo pro-
portioned that the interior furface touch the plate of iron
45 4. After each difcharge, the ring is filed in the part
75 7, Wl it gives way 10 the afion-of the powder; taking
care to place the machine contiguous to a2 folid body, that
it thay confiri¢ the plate 4, 5, and 2, 3, after breaking the
ring, for reafohs already pointed out. The' proper thick-
nefs forthe ring having ‘bren determined, find the weight that
can bieak another ring: of ‘the fame metal and équal to it in
thicknefs ; forthis putpol, apply the ring Yo & fhort cylinder
of hard wood of ptopet dimenfionss et the plate 4, 4, be
longer than the woodén cylinder that the iron hook O, 11, O
may be hungon the ends.  Muake ufe 6f the-fame: plate,
4 4, 4nd e’ fame ring, that' the 'part ‘which prefies the
© ring mAy not be altered !in form - from the’ action of
the ‘welght that 4s 't6: breal it. When the weight =P is
thus folrvd, to know ‘the elafticity = »; a péricular the-
orerh uft de éonftru@ed, in which muft be inferted the
values of ithe pin‘2, 3,'of the radius of the interior circum-
- ference of the ring, and of the thicknefs of metal at the part

where te'ring broke. T

r47. It refults from thefe experiments {133,134,135) that
if a veflel be filled with fnall-grained powger without being
cotripreffed, the greateft elafticity=n will be equal in dry
weathdr'to agco hundred times the-mean preffure of the at-
mofphere, ahd only 1400 when the sir is much loaded with
vapour’; powder is therefore a kind of acrometer,

La*this thachine the diameter and height of the holow cy«
linderwere exch & an inch, and the contents about 1;.;‘-t‘!m.
. rom
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From the principles eftablithed in the former part of this
work, it may be inferred 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 clafticity 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
d:ilce the elafticity will increafe when powder is fired in a
v )with the vent clofed, a fimilar method may be ufed
111). ‘
¢ F1G. ix. Perforate the fcrew IEFK with a canal LM, to
receive 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 exadtly

correfponds with the fuperficies IK, the point & which
" has been heated red hot, pafling through the orifice M,
may fire 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 elafticity to the meafurement of this force (127). A
llgri ftrongly bent oppofed to. the mqvement of the iron

i q‘m mﬁl for this purpale ; 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 ﬁ:ﬁn fub-
ftance. . .

139. We will conclude this chapter with remarking the
difference obfervable in the adtivity 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
the fcrew make a cavity in form of a troncated cone
MRSN, and fill it with tin perforated through the middle,
fo as not tq ftop up the cavity TY: having clofed the vent .

X1, aud filled lK(gH with powder, apply the fcrew EFMN,
and fet fire to the powder by T'Y, through which all the
elattic fluid muft of neceflity pafs. On unfcrewing EFMN,
apart of the tin will be foundmelted. To colle& the quantity,
m‘:t:ed inthis experiment, a rough plank hould beplaced about,
3 foot ditant from TY, and after the explofion, the melted
fubftance will be found fticking to it. On'burning the fame
quangity of powder in a veflel much larger, the tin will not
saelt, and ipit be burned in the open air upon a fheet of pa~
: - Pely
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per, the paper will fometimes be but little-damaged. This
difference of cffe@s proves how much the aivity of the fite
varies ; hence, alfo the elafticity of the fluid muft have al
tered very confiderably during the courfe of thelé experiments,
This will‘explain the reafon ‘why fire-airms 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
adtion of the powder, with the leaft alteration, isthe beft. -

"CHAP I
Or . 'rur ‘MopIricaATIONS ™ THE' GENERATION oF
THE ELASTIC FLuIp 1IN ‘THE cyLiNDRIC’ BoRe' or
Firs-arMS, wHEN AN OBSTAGLE IS PRESENTED TO
IT's PASSING THROUGH 'PuE MouTH oF THE Pikck,
Coe R A A N A ARV R

. T S SR TNEITO oo
140. " & HEN the chargeis not too fmall, nor the gun
too lafig; thefhot i paffing from the char%ing’t lindertothe
mouth of the piece is impelled by freth elaftic gid* “which is
cominudlly generating:  This accelersted motion is the efe
fect of the preflure of the fluid, whenever the thot has been
firorigly rammed upon tive powder; ‘when it encounters other
obfticled as i’ rifléd barrels; or, when 2@t the commence-
ment of its motion, the refitance is ‘¢qual or fuperior to
theitnpulfion 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 cﬁargc is not wadded, or but flightly ; or when the wad
over the powder is made of fubftances eafily penetrable by the
elaftic fluid, as twifted hay or ftraw, the movement wifl' then’
bethe-effed of impulfion. In the firft cafe the veloeity at
eich point of the length of the bore is in the fubduplicate
ratio of'the fuperficies, that exprefles the fum of the preffurea
in the fpaces paffed through byE the fhot; but in the fecond

&
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it is compounded of this fubduplicate ratio added to the coma
ftant quantity communicated toit by impulfion. (Philof. In-
flit.) ‘The former as being of moft general ufe (109) merits
the firft attention. : -

141. Jf the law of the generation 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 thefe are fo modified from a variety of
circumftances, that the réfult 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 that the produ&ion of the fluid
varies .according to the refiftance oppofed to its explofion.

142. Thefe varicties arife not only from the mafs of the
fhot and wad, but alfo from their fri¢hon again(t the part of
the bore contiguous ta the charge. T'o increafe the friction,
they make ufe of wads that enter with difficulty into the gun,

are ftrongly rammed vpon the powder. By thefe means
the powder is colleGed into a very fmall 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. Some dry reeds were cut into lengths and placed in
three rows, each was numbered ; and No. 1 of the firft row
was "of the fame length and diameter 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 of wad a leaden bullet was put in thofe of the
fecond row; and into thofe of the third, a fimilar wad was
firongly prefled without a bullet. The explofion burit all
the reeds in the third, and iere than half of thofe in the
fecond row; but thofe in the firft remained entire, though
they were fired four or five times in the fame manner. Ef-
fe&ts almotft fimilar took place in fmall tin guns £ of a foot in
length, and equal in diameter to a ball weighing 7 of an
ounce.

Now the only difference between thefe difcharges was in
the refiftance oppofed to the iffue of the fluid through ‘t“b:

e . mo
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thouth of the piece; the weight of the bullet in the fecond
row, and the increafe of friction in the third making the
refitance greater than in the firft : whence, the greater the rex
fftance the greater quantity of the fluid is produced ; and it
_may be further inferred from thefe experiménts, that the refift-
ance from friGion 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
ftrongly comprefled; and fet fire to the powder by a little
fauciffon that pafles through the earth. The friftion and
the adhefion of the earth to the fides of the hole are {o great,
that the powder not being able to force a paffage burfis the
rock,

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

Fic. XI. Takethree piftol barrels equal in length ;
let the bores of two of them be exally 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 diminithing in diameter from B to €, 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 piftol
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 quility, and bullets of the fame
diameter and weight as in No. 3; in No. 1. prefs 2
wad lightly over the powder; butin No. 2. ramdown
a very high wad, to touch the powder but not to com-
prefs-it fo as to diminifh its bulk, which fhould 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. 1; 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 confidcrable ri\‘odiﬁcations in the produétion of
2 2 the
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the fluid, 'in proof-of which many other experiments might-
be adduced, let us now examine them ; and for the fake of
rendering the refearch lefs difficult, fuppofe; .

1. That the charge is always colleCted together in
the fame manner at the bottom of the cylinder ; the -
‘gun always fired in the fame direction ; and the refitance”
oppofed to the explofion expreffed by the weight of a
cylindrical body, of a calibre exadly 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 fufficient refiftance is oppofed to the
explofion.

: lE“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.” If
all the elaftic fluid-be generated before the body R be-
gins to be fenfibly in motion, and in paffing from E to
B preferve the fame degree of heat; the preffure of the
fluid in AE would be the (trongeft poffible. Exprefling
this preflure by theline EF, drawn at right angles to AB,
the preflures of the fluid in the fpaces AH, AG, Al,
will be expreffed by the perpendiculars HL, GM, IN,
&c. which with EF will refpetively be in the reciprocal
ratio of the diftances AE, AH, AG, Al, and a line
paffing 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. .

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

is generated before the projeftile 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 combuftible particles are confumed,. the heat muft
therefore decreafe, as foon as the fire is extin&, 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
firlt pofition is only admiffible when the refiftance of the I}{ody

is
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R is-equal to, or greater than the greateft preflure of the fluid
in AE: butif R be not capable of refifting the ation 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 EF; 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 preffure 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 pafling 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 paffing 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 exprefied by I2, this line will be neceffarily fhorter
than IN; for according to fuppofition, IN reprefents not
only the effe& of all the fluid, but alfo of the greateft 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 preflure will be lefs: the fcale VT S 2
can never touch the hyperbola FL M 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, A, 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 fucceflion, the fame reafoning will hold good.

E3 The

\
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The fcale of preflures V T 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 elatticity to the atmolphere ; 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
effelts.

150. A greater number of grains arg 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 A E, will be the point where all
the combuftible fubftances 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-
famed. No general rule can be laid down for the proportion
in which the increafe of heat accelerates the burning of the
powder in paffing along the bore of the gun, from the many
circum(tances that concur to modify its effects, and the im-
poflibility of afcertaining fome of them. Vide rft 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 preflure 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 preflires 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 powder and the fize of the grains. Suppofe that the
charge A E has given a fcale of preflure XY Z (Fig. 1 ‘3.) :
reduce AE to KE and fill KE with powder of the fame
quality, and equally colle@ed as A E; there will be the fame
preflure E X, if R prefent the fame refitance (151). But
in the fpaces K H, K G, the preflures HL, G M- will be lefs
than HY, GZ. This equality of preflure E X in the two
charges arifes from the fame quantity of fluid being generated
in the two fpaces AE, KE before R began to move: if
no freth fluid were produced between E and H, fu;iipo}(;ng
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. AE
EH=AE, and K E=——, the preflure of the charge AE
. z N

in the fpace A H, would be to the preflure of KE in the

fpace H K as —:: -;:- 1t 3:2; fince the elatticity is in
proportion to the denfity. But hetween E and H a frefh
acceffion of fluid is produced in both charges, and the greateft
quantity in the largeft charge; fo that the preflure of the -
fmallelt charge in K H will be proportionally lefs than the
preflure of the larger in A H; the fame may 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
colle@ed as bofore, the refitance of R remaining the fame,
the preflure of the fluid EP will always be equal to E X
but the preffure in P H, P G will be exprefled by HN,. GO
Jonger than the correfponding Jines HY, G Z.

153. On firing two powders of different qualities, A E
and R remaining the fame, the fcale of preflures produced by
the firlt kind of powder being X Y Z, that produced by the
fecond will likewile begin at X (151); but the remainder of
the feale will pafs above or below 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 preffures 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 4;
then the refiltance of the fhot contiguous to the pow-
der in N will be as D?: 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 : dj
that is, as the diameters of the thot. For the number of
phyfical points in the fuperficies of the ‘fhot againft
which the elaftic fluid aéls, is in the duplicate ratio of
the diameters, that is as, D : 4, thus, in the ftate of
equilibrium NV x D* = D3 and N X xd* = 4°%;
then NV :D::NX:4, andby tranfpofiton NV: N
X ::D:d. But the ratio between the correfponding

E 4 ordinateg
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ordinates LI, L'Y will be greater than between N V,
N X; for fuppofing the fluid in the fpaces HP N,
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 preflure in HP N is already
greater than in A C N, fince tl;ﬁy are in the proportion
of NV to NX. Thus the preflures being greater, and
confequently the fire being more intenfe, a greater quan~
tity of elaftic fluid will be generated in the larger cylinder
between N and L; and at L its preflurc 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 Vgo 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 preflure EX is equal to the refiltance R
this latter may .bé 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
fhotin guns of different calibres. With low wads not rammed
with force, the line X F Z exprefling the fcale of preffures
will ‘from the beginning fenfibly diverge; but with wads
firongly rammed, the frition increafing the refiftance, the
fcale of preffures will be the line K H Y; in which the fir
preflure E K is greater than E X, in proportion as the friGtion
~ of the wads exceeds their weight ; and all the faale KH Y

-will be farther diftant from the axis EG thanthe fcale XF Z:
but though at the commencement of its motion KHY di-
verges more from E G than XF 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 150t® 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
juftnefs.

! 156. Since the cylindrical bore of firc-arms ﬂlould be i 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 fcale of preffure:
this may be reduced to the four following cafes ;

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

2. The fcale may diverge from the axis AEG in
advancing from E te 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 ethbno with the gscateﬁ
erdinate.

3- It may from the point E dwerge from the axis to
a certain point, and then converge towards it; in this
cafe, the metal thould be of equal thxclqnefs to the point
of the greateft ordinate, with which it muftbe in equi-
librio; thence it may diminith in the.nme of thc cor=
refponding ordinates.

4. It may from the point E continun!l converga
towards the cylinder ; then the thicknefb of metal thould
diminith propomonally from the breeglt to the muzzle.

157. The entire {cale of prefiures can-be:deduced from the
thicknefs of metal only in the yrth<cafe; - in the third cafe,
that part: of the fcale only is knowh that conyerges sowards
the cylinder; in the two firft, the gfutc(t preﬂ'ure of the
fluid 1s only pointed out. -

158. In mufquet scharged wnth ﬁre-work fowhng, or.can-
non powder, and the wads well ammed, tbe feale of pref-
fures is found to correfpond with actual experiment in the
fourth cafe; and likewife in-the third, if the wad be rammed
with lefs force; fince the greater- this force, the farther from
E where the charge is lodged, -is the greate& ordinate of the
fcale.

In the following chapter will be pomted out lhe method of
determining experimentally the fcale of prefluses in- ﬁre-

-of all calibres, -

CHAP,
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"'CHAUP. 1V.

Or THe INiTIAL VELOCITY OF PROJECTILES, AND
THE LAw UNDER WHICH THEY ARE IMPELLED
FroM FIRE-ARMS OF cYLINDRIC BoRks.

I 159 THERE are three methods of determining the
initial velocity of projetiles: 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 firt 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 obje&s of confideration.
160. Benjamun Rosins, an knglith Engineer, was the
firt perfon who thought of applying inftruments to meafure
. the initial velocity of a ball of {mall 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 exac&t
meafure of the chord of thgarch, the weight of the ball and
pendulum, the centre of gravity and ofcillation, and the
diftance from the axés of motion to the point of impa&, fhew
the abfolute velocity with which the ball impinged on the

um, : .

-F16. 16. To apply this infirument C F. for meafur-
ing the initial velocities of balls from mufquets or wall-
pieces; it fhould be made of iron, and hung at right
angles to the axis of fufpenfion A B, which muft be

. about a foot jn length; to DE is fcrewed a plank of
about nine inches fquare, 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 qf
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 plane of the vibrations of

s . the
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the pendulum, a ftylette F is faftened in E, to trace upon
the fine duft, with which the circumferene GKH 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 woodea
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 direéted, 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
fuii;:enﬁon or motion to the centre of gravity L, or
CL=a.
3. The diftance from C to the centre of ofcillation
M, or CM=a4. .
4 The length CF=4 of the radius with which
the arch G K H is defcribed. BERE
. 5. The weight of the ball =g¢.
6. The chord of the arch = ¢ deferibed 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 produ& 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 olcillation 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: t—:—, the laft term is the chord of the arch de<
fcribed by this point : The verfed fine of which is :T‘ZI’ and

the uniform velocity of M during one fecond will be
‘ /64.36.c*d
v
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\ '/546 36.24_tv/ 757184 (Philof. Inftit.) which mul
2

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

d.oes net rebound, i. e. by Pad+- ¢d*, will give-% x Pad+ qd*

.%x 4/ 32. 184 for the quantity of motion. Let z 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, xgd* will exprefs the
quantity of the motion of the ball: thus in a flate of

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

Pa+4¢dv/ 32.184
= 5:; 2 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 velocity w, its quan-
tity of motion will be «gf*. Then ;hc equation will be
: . andx =i,
¥x Pad+ qf*=ugf*yand x = Pad + 47
.amotion 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 + ¢f, the diftance of C G from
the point G taken as a new centre of ofcillation to the axis

S _Pad + ¢f* .
of motion will be CG = Pa tif 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 ;

thenCD:CG.:f:Pad*'qf‘as the velocity of the

Now as the

, Pa +qf . ,
point D = x = m’i%?. is to the velocity of the point

G\=ﬁ€-= 64-- 36 G1 where G I exprefles the

verfed fine of the arch G H. To
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To find the velocity « with which the ball impinged on

the pendulum, another value of v/ 64.36 GI muft be

fought : As the chord = ¢ of the arch F G H defcribed by
the ftylette, and radius CF = 5 are known, the verfed fine

’.
of this arch will be ziz: Then radius C F is to its verfed

fine as radius C G is to its verfed fine GI or - .

¢ | Pad +qf? . c? x Pad + ¢f* .
26 " Pa +4qf 26* " Pa +gqf °

and thus the uniform velocity of the point G will be ex-~

prefled by /64-36¢ Yad+gf* ; and on com-
V' 2b* Pa +4f
- paring the two expreflions of thefe velocities

wf _ ¢ Pl if" -
mlq?- =3 ‘/32 18 x qf and u ¢

Pa +4¢f y

s - .
\/32 18 x Fad + Ub‘ g;' Pat 9/ the velocity fought.
163. The weight and length of the pendulung fhould be
fuch that its vibration may not defcribe an arch of more than
five degrees; and as.the balls fired into it increafe its weight
and alter the centres of gravity and ofcillation, the,values of P,

4, d. thould be correéted after each difcharge. '
164. S16. MATTEI, mathematical inftrument-maker to
the King, has invented a machine for finding with facility
the initial velocity of balls meafured near the mouth of the

b:

F1c. XIX. A Bisalorizontal wheel with a vertical .
axis CD tumned by the weight Q_, appending to the
rope G G and raifed by the winch N. It may be turned
in any othermanner, provided that its motion be perfectly
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

52
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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
motiont of the wheels is equable, and how time long it takes
in each revolution ; for this purpofe variots expedients may be
devifed. At Turin 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 thortened or
lengthened till its vibrations were ifochronous to thofe of the
tongue: the length of the pendulum will fhew how long the
wheel is in making each revolution. So foon as the ifochro-
mifm betwceen the pendulum and the tongue is eftablifhed,
fire the gun and ftop the wheel ; the two holes made in the
rim of paper by the ball, will be eafily diftinguithed from
each other by the edges being turned to the point that the
ball went out at. Stretch a thread in the direction MR,
pafling 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 fhews how much
one point of the wheel turned, while the (hot was traverfing
the diameter A B.

. 165. If the mechanifm and ufe of this machine be well
underﬂood,. it will be eafy to find the uniform velocity with

- which the fhot paffes through the diameter A B of the wheel,
and confequently ifs uniform velocity during one fecond of
fime. 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

m:D::C: CmD » the laft term will exprefs the fpace paffed

through by the fhot with an uniform velocity during one re-
volution of the wheel : then expreffling by « the fpace that the
thot paffed through with an uniform velocity in one fecond,

or its_initial velocity, #:1:: %']—)-; (—i-’];)-; the laft term=«

will exprefs the velocity fought. With this machine, when
the wheel turns with an equable motion, ¢= $ of a fecond,

-



FIRED GUN-POWDER, 79

22 %10

D =10 feet, and confequently C= ; then fubftitu- »

ting thefe values in the expreflion of the velocity,
%z"; if the value of m be the fra&tion of a foot,. the
velocity u wiil be expreffed in feet. For inftance, 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 impora"
tant problers in the theory and pradlice of artillery.

1. The firft gun was g ft. 6 in. in length of bore,
and the weight 'o%‘;eaden bullets was 2% oz.
2. The fecond was 5 ft. 10 in. in length of bore,
and the weight of bullet 3% oz. 4
3. A rifled 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 affet
the force of powder (137).
167. The following is a table of initial velocities deduced
om 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 moit  Under amean Very dry

Powder "was Weather, ftate of theat- Weather.
7 drams. mofphere.
Feer: | Feer, Feet,
Common War Powder 1392 — 1542 =— 1618
Fine Ditto —_ 1569 — 1736 — 1829
Fowling Dito — 1566 — 1703 — 1784
Firc-work Ditto — 1566 — 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 almait unfoiled. It
refults from thefe experiments, ‘

1. That the velocities of fhot in very dry weather
exceed by nearly 5 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. It 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 12 in
the ‘100; and in very dry weather, their difference

. amounted-to 4 in the 100. .

- 168. The following experiments .made with §uns.o£ dif-
ferent lengths and calibres, under a mean ftate of the atmof-
phere are a proof that fine war powder is the ftrongeft.

Nature of Kind of Weightof Initial

Guns. Powder.  Powder. velocity.
. ine War Powd Dracbms, ' Fees.
. ine WarPowder 7 — 1390
lengt . Fire-work Ditto 7 — 1372
Fine War Powder 7 — 1q¢6
Rifled Carabine . gowling D}t)to 7 =— 1020
ire-work Ditto — 1934
A Wall-piece carrying (Fine War Powder 20 — 1 326
a leaden bullet, in{FowlingDito 20 — 1928

A Pl:dd ht :té o;gt in.in Fire-work Ditto 20 — 1923 .
. len‘; :(llxuofio r.e ; ’ {F ine War Dito 7 "= 1736

The experiments wjth a mortar made by Major Ronzint
in the month of Auguft 1761, likewife prove the excellenice
of fine war powder. The proportions of the mortar were

* very exa&; it was laid at 45°, fixed in-an iron bed weighing
616 |b. and projefted an iron fbot 27 1b. in weight, the
: ‘chamber
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chamber contained one ounce of powder, the fame charge
was ufed each time without a wad, that there might. be
the leaft difference poflible. The following table thews the
refult.—

Kind of Powder. Length of Range
. . Yards.

Mufquet Powder — 24;

Fine War Ditto —_ 298

Fowling Ditto — 294

Fire-work Ditto — 296

169. To afcertain the effe&t 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
go0z. the third was equal in diameter to the firft, but equal
3n 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 carabing
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 \;clocities.
cel. .
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
fecond kind exceed thofe of the firft, though a greater quan-
tity of the Auid muft neceffarily have efcaped owing to the
windage; and the fhot of the third kind from their greatee

F diameter,
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diameter and- lefs weight have a &ill greater initial velo--
city. ’
t2'70. 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.

Drackms. Fees,
Mufquet, length of 5 - 1399
; 1736
bore 3ft. 61n. "7) Al ‘ 12)%4.
Wall-piece, weight{ ng - 1504
18 — 2056

| of bullet 2§ oz. 25 _ 2obo ‘

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 (maller charge is
preferred. From the experiments made with the mufquet
(167, 168, 16q,) it will be ealy to deduce by analogy, the velo-
cities of other fire-arms difcharged in very moiftt or very dry
weather. For example, to know the initial velocity of a fhot
from a wall-piece fired in very dry weather, with acharge of 25
drachms of fine war powder : as i:sinitial velocity under a mean
ftate of the atmofphere is 2060 feet, and that of the mufquet
1736 fect; and the initial velocity of the fame mufquet in very
dry weather is 1829 feet, by making a proportion of thefe values
1736 : 2060 :: 1829 : 2245 feet, which is the velocity of the
wall-piece in very dry weather. _

171. Since the initial velocity of fire-arms of all lengths may
be thus found, it will be cafy to alcertain the fcale of preffures
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 refpetive fhot; then a line paffing through the poings
A, E, F, G will be the fcale of velocitics in the fpaces A%

A
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A D, A B, which the thot has-paffed 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 fcales 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. Inckes. Feer.
. 0 II — T 1037
I 10 —_ 1390
3 8 — 1736
4 8 —-— 181§

F16. 20. Then conftrufing a figure ‘according to

-the dme&tions 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

eNipfis whofe femi-conjugate axis AR is 4 feet 8 inches,

-and femi-tranfverfe axis R H about 1815 feet, Hence

it refults H ‘

1. That the fcale of preflures SM 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 circumftance, are not increafed by making the
- bhrrels longer than A R.

o' 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

fures ARS=RH7, ghcﬁ -é—zs—=6903:2 feet,

- Now let AD be the length of any gun; then the fuperfi-
cieg of the rectilinear trapezium A D N'§ which exprefles the

AS "‘:ﬁ’{DR =, but the ini-

Fa tial

fum of the preflures will be
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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 3 of afoot, DR will be 4 feet

6 inches or 2—67, which fubflituted in the theorem, will
ive DF =u= B4 729 /lin026x35—
give DF=u=4/147926x =36~ 147926x36_

47§ feet for the initial velocity.

" 173. This method of finding the fcale of velocities in the
fpaces, may be pratifed when the wad is firongly 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-

lotities 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,
a8 with weak powder or low wads; then to find.the curve

line 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 fcale of preflure 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 fub-duplicate ratio of the fpaces AC, A D, or

of the length of the part of the bore from the thot 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 dire&rix AD; and when greater, it will diverge
from it.

175. Having afcertained the initial velocity=u and the
fcale of prefures, the value of #, which expreffes how much
the greateft elafticity of the fluid alting on the fhot exceeds
the elaticity of the atmofpheric air, may be found by meal!;

: o
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of the theorem y=V/ 26'—51;'.1;_‘1’1—1,‘-wherc A exprefles the

height of a barometer made of the fame metal as the fhot;- /
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 retangle ASxA D; and r the radius of the thot.
For example, take 2 mufquet (172) 3 ft. 8 in. in length of
bore=/; as in this cafe A=2 ft. 1084 in. r=-243 in.; and

#=1736 feet; fuppofe p:-?:—gz then by fubflituting thefe va-

: : . .10° rom
lues in the theorem, 1736=\ﬁ6 54%3 8:8; 1084 x ¢ H
whence n= nearly 280 times the mean elafticity of the at-
mofphere.

176. The initial velocity of cannon balls may be eafil
found by this method of determining the velocities o¥
bullets projeted from fire-arms of fmall calibre : not onl
the charge that gives the longeft range, and the law of pre(!
fure of the fluid on the fhot in paffing along the bore may be
afcertzined; but the greateft elafticity of the fluid, and the
point in the length of the bore where it is produced, may te
determined : in a2 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
muft be a large homogeneous butt : if neceflary, one muft be
made of earth, cleared of flones, 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 fhot 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 S in
the theorem S=g D a*, where D exprefles the diameter of

the thot, g its fpecific gravity, and « its velocity, then
u=\/gi;whichisaknownqmmity.
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thot, and fubflitute it in the place of S in the theoremt

/S : o
u= 7D In the room of g and D infert ‘their known

values, which will give the relative value of « : thep by ana-
logy, the relative velocity of the bulletis to its nitial velocity,
as the relative velocity of the cannon fhot is to its initial velo-
city. Suppofe, for example, that the leaden builer fired
from the wall-piece be  inch in diameter = D and that its
penetration S=4 feet; as the fpecific gravity of lead is

4 2=90bo then u= ¢/ E-Sj—)=\/ _——-:20‘ Suppofe again, that
: - ~ 9 .

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

is 6115; u= ETS:H\/(E?S‘ Then if the known initial

welocity of the bullet fired from the wall-piece be 2023 feet,
V48 /Zg_. ::2023:1880 feet, which will be the

qgobo -~ 6115 . Y
value of the velocity fought. g P

This theorem will ferve to refolve other problems;-for
inftance, by knowing the diameter, denfity, velocity and
?enctration of one fhot, the penetration of the other thot dif-
ering in denfity, velocity and diameter into the fame butt may
be found. S ' o
" 177. From a feries of experiments made according to the
foregoing principles, under amean ftate of the atmofphere
with guns, (89) 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
0316 prs; more than 1517 of 8 prs; and lefs than 1517 of

rs. -
‘i.ieut. pe BuTeT invented in 1764 a very fimple ma-
chine for meafuring the initial velocity of projeétiles. He
applies a little plate of metal provided with a moveable index
to any wheel that turns with an equable motion, .and fuf-
Aficient velocity ; the index is held at fome diftance from the
circumference of the wheel, by a thread that is firetched
acrofs the mouth of the gan. When the gun is fired, the
thot breaks the thread, and fets at liberty a fpring, which

tly
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inflantly prefles the index againft the wheel, upon which it
defcribes an arch, till it is checked by the impaét of the thot
againft a moveable butt, placed at the diftance of a few feet :
to' this effect one 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 wkheel.

‘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 eafy to afcertain 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 friction as much as poffible, a fmall 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 paflage along the bore
of the gun, the initial velocity of (hells, and the refiftance of
the air to their motion may be determined ; if allowance be
made for the modifications that muft enfue.

178. In alcertaining the initial velocity of fhot projeGted
from fire-arms of cylindric bore in the third method (159) 5
it muft be remarked, that fo foon that the fhot begins to
move, it continually acquires frefh- velocity as it advances
from E to G (Fig 13), and lofing a part of the preffure of
the fluid is only impelled by the excefs of the velocity of the
fluid over its own velocity: this diminifhes as the fhot ap-
proaches the muzzle ; the adlion 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 (hot, which commences at the
fame point X as the fcale X N O of the preflures againit the
fides of the gun, are fhorter than the correfponding ones
HN, GO, and their differences N Y, O Z become greater
as the thot approaches G. Thus, when the feveral points of
the cylinder are proportioned to the different preffures of the
cln‘ri;e, 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 picce, its figure is determined by the length of the gun ;
~ Fgq .. ad
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and it may be confidered as the limit of the greateft velocity
of the thot. :

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

Fic. XV. In order to find the equation of the
of preflures, draw the right line K I parallel to the die
re&trix E G, confidered as the axis to which the ondie
nates are perpendicular: let the preflure. K E=p and
the abfeiffa EL=KI=x. Astheordinate] H of the
fegment K H y appertains to the abfciffa KI, I B may
be exprefled by 7 x, and multiplying » » by the abfciffa,
=x and by m denoting the fraGion that fquares the fur.
face KIH the produ&t nmx* will exprefs the furface
KIH: now the reangle E K | L=px, therefore the
fuperficies EK HL=p x~nm x*; and call the velocity
.~ LB_that anfwers to this fuperficies V, then V=
Vopxr—mux®, ‘ '

180. Since mufquet barrels were firft made in PrepmonT,
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
ecommon cannon powder ; over which js 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 183
drachms is then put in and wadded as before. The barrels
thus loaded, are placed horizontally with the breech againft a
firong 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 breech, at other times at the middle of the
bore, or near the muzzle: butas it is not found to have hap-
pened more frequently in one part thananother, the officers and
manpfatturers have deemed it unneceffary to make any alte«
ration in the thicknefles of metal; fo that they may be rea-
fonably regarded-as proportionate to the preffures of the elaﬂxj

ui
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flaid 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 b;\ll in each point of the length of the bore may be found
179). ~ .
( 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 ;
thus the lengths BE, BH, and the correfponding thicknefles
EF, HL of a gun A C B D being known, the inclination
of the right line M O N which is the fcale of the preffures
of the fluid againft the fides of the gun may be determined,
the ordinates E M, HO, BN, being in the ratio of the cor-
refponding thicknefles EF, HL, BD. If the right lines
EB,FDbe (groduced, they will meet at the point R, where
the line M ON will always terminate, even when FL D
and M O N are curves. ‘Thus E R=4 will be known and

confidering p=E M, the value of » will be—g-: then po=
%‘-':ax and m=1} fince M@ O is a triangle. Hence nmx; ‘

. .
=22 and confequently V=\/Px—nmx‘=\/px-—?——:.

?

25 2
which is an equation to the ellipfis to be conftru&ted in the
manner already pointed out ( 1725)

Take p= 24, then V=4 26x—x" is an equation to
circle whofe radius=4; from the point R taken as centre
with a radius R E=5 defcribe the arch EGK, then the
ordinates HG, BK, will exprefs the relative velocities which
the bullet would have at the points H, B, if the line M ON
were the fcale of preffures of the fluid. It fhould be remarked;

1. That on diminifhing the charge of powder in thefe
barrels without weakening the refiftance of the thot and
wads, the preffure 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 {maller’ wads or by ramming
them down with lefs force, the preffure of the fluid

will be iefs at the point E, as well as at H and B.
3. That



90 THE FORCE OF

3. That on altering the refittance, the ratio of the
preffures 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 affe@s the range. Take, for example, the gun
A DP, (Fig.21) in wbich the thickneffes from E to the
muzzle, proportionate to the largeft charges ; are determined
by a right ine. 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, F 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 normals 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 faét the line MO N being the
fcale of preflures againt the fides of the gun; MY Z which -
is the fcale of preflures 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 fo much diminithed, that it will no
Jonger impel the fhot. ‘The point S is always the centre of
a re-entering curve line EIV X, of which $ 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 lefs
difiant 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 %—P=r and the thicknefs of me.

tal EF=m are known, and its tenacity may be deter-
mined
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mined by experiment, the elafticity=# of the fluid may be
found by the means of the theorem 9962 nr =mgq ; and by

~ : 6. 54nplA
fubftituting in the theorem V= 2—-—S—"—'t—g----the values

2r

of m, r,/,=E B, A=the height of a barometer made of the

fame metal as the thot, and p the ratio between the trapezium

EMNB and the reangle EM xEB, the value of the
initial velocity="V of the thot will be likewife found.

Fi1c. 21. For example, fuppofe D AP to be a wall- .

piece, whofe thicknefles of metal are in equilibrio with a

g’ven 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 fubflituting thefe data in the

theorem 9962 nr =mg, 19962 x%;:% X 4723200: the

. 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
this wall-piece let E B=/=3} feet, and p=%; A will be
about 3 feet; then fubRituting thefe values in the theoremV =

: : 2
: - TA A 96.54 x8o0x = x 3}x3
AL i) giveV:/ —3

2r . Ll )

=1800 for the initial velocity of the leaden l;nllet.

Bat if an iron thot be fired from it, A will be equal to 4%
fect, and the initial velocity will be

) ‘/;6.54x Boox2x4ix3
V= —3 =2043.,

s

CHAP.
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‘CHAP V..

Or ExXPERIMENTS FOR ASCERTAINING THE REstst-
ANCE OF THE AIR TO BODIES PROJECTED FROM
Fire-arMs. .

184. THE initial velocities of fhot projeted ona hori- .
zontal p]ane from guns, equalin length, but differing in calibre,
fired with charges proportioned to the 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. Butf 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 fmaller calibre.

185. From the lo'ng}elr range of guns of fmall calibre, it
may be inferred that the ratio of tiic fum of the preffures 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 preflures muft be
proportionate to the diameter of the thot, and of courfe,
greater in guns of large calibre ; but in the prefent cafe, the
refiltance ariles principally from the friCtion which muft ne-
ceflarily be greater in the fmaller guns, fince they are both
equally rammed : from the fame caufe alfo the powder being
more compat in the fmall 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 bore in
the guns of fmall calibre, will be impelled by the fluid for a
longer fpace of time, whence its velocity muft be increafed.

186. The fecond effet (184) proceeds folely from the
refiftance of the air to the motion of the projetile : this re-
fiftance is very confiderable when projectiles move with great
velocity, and is the greater as the diameter of the fhot is lefs.

The following is a refult of experiments made in June
1764, on the Banks of the Po, and a comparifon between
the a&ual and potential ranges. The charges were fuch’
as would give the vclocities marked in the table, at:d

¢
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the guns were laid with every neceflary precaution. 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 fhot mealured 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.

Ranges.
Initial Eleva- Experi- | Potea-
Velo. tion. mented.| tial,
Feet. | R Yde. Yde
Rifled Carabines bullets weighing { 1956 :i. .0 9;; ;gg::
v § of an ounce. 45° g% e
17: 15" 948 7845
Mufquet, weight of bullet 1 oz. 1936 ’i-, a0 :g‘;z :g:g;
15: 1181 | 31383
ighi 15 1433 . 17
B‘ilz' weighiog3 3 1g5s || 249 s0* | 1753 ss?gl
Balls weichins s 45° 1639 | 3579¢
Wall-pieces. z. e { 1770 || 159 1699 | 16307
Balls weighing 3
oz, but equal
in diamcte? to ) %068 15¢ 1630 | wee68
31 oz. balls.

N. B. During the five momings 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 Bgg yards, at the ele-
vation of 45°; while that from the theory of proje&iles
moving in vacuo, it thould have ranged 39806. Now as
the only difference between the range calculated from the
initial velocity meafured near the mouth of the piece, and the
actual 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 refiftance
of the air to a projeflile, is greater in paffing over water
than land. In June 1764, feveral rounds were fired from
the mill of Rocca Franca over the Po, from a wall-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 179q 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 fhot 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 fartheft. .

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

4. That the lefs the diameter and denfity of the fhot,
the more the elevation that gjves the longeft range, is
under 4§°. T : -

:§. That the longeft range to be obtained with the largeft
chargé, depends on the ‘dire&tion 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 fhot is at a diftance from the gun, that it
requires a feries of experiments,before any one point can
be accurately determined.

189. In this comparifon between the aual 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. To prove that this
fuppofition is true with regard to fhot of fmalPdiameter, a
mulquet (169) was dire&ted again(t a block of wood equally
porous, placed at the diftance of 5 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 vca.l <

. . ti
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tical dire&tion againft the fame block placed at an equal dif-
tance, the fhot each time penetrated to the depth of 12
i‘lchcso . 1

1go. 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 thefe two forces are,
when the piece is fired horizontally.

191. Let AE be a 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 correfponding ranges,
and ere& the perpendiculars BF, CK, D G, EH ; the lines
AF, AG, AH, AK, will exprefs the fpaces that the fhot
pafled through by the impulfion 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 the
curve that the thot defcribed in its flight, either geometrically
or by Dulac’s infirument, : oo

192. A line drawn through the points A, F, G, H, K,
will be a curved line of projetions, and will fhew the point
where the fhot 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 ftrike be given, the proper
g:?ee of elevation may be found without tracing the curve

cribed by the fhot in its flight. If the guns in June,
1764 had been elevated above 45°, in order to know the
correfponding length A N of the ranges, the curve AFGH
KML of projetions would have been complete,

193. This method of finding the curve defcribed by pro-
jeQiles, may be ufed when the -initial velocity remains the
fame, though the elevation be altered; but when both the
velocities and elevations are different, the following me-
thod may be adopted. (Fig. 23) Chufe a piece of ground
on which the guns: may be placed at the different heights
A,C, D; fire fome rounds fpom A, charging and laying
the piece always. in the fame manner ; which in the prefent
cafe will be fuppofed to be horizontally, and mark at each
difcharge the firft graze of the (hot : then fire from C, D, E
with exa&lly the fame direction, elevation, and charge, and
mark - the firft grazes L, B, Q. Ere& the perpendiculars
1H, LK, BM, QF which will be the abfciffas oft:llcrcugvc;

efcri
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defcribed by the fthot, and the horizontal lines A H, CK,
DM, EF will be carrefponding ordinates ; then from the
value of thefe lines the nature of the curve may be deduced,

~or traced mechamically ; and will be motft 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 diretion 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 carve thus found may be refolved into the fimple
movements of which it is compounded, by knowing the
time that the thot is paffing 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 watch that marks very fmall divifions ‘of time
as 5 or y of a fecond 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 é:m
Atol=afrom Cto =4, from D to B=d, and from E
to Q=/f; mark ontheline AE, thetimes AB=4, AC=},
AD=d, A E=f and make the ordinates BH, CI, DK,
E L, cqual to the fpaces that the thot alted on by the im-
pelling power has paffed through in the correfponding times
(193); AHIKL will then be the fcale of fpaces pafied
through in thefe times, from which may be deduced the
fcale of initial velocities ; and again from this laft, the fcale of
gomemaneous refiltances of the air to the motion of the

ot.

Fic. XXV. Mark in the fame manner on the
dire&rix M V, the times MR =a, MT =%, MS =4,

. MV=f and ere& the ordinates Rr, T1?, S5, Va,

cach equal to the fpaces that the fhot has pafied through
by the power of gravity (193.); M r#s a will then be
the fcale of velocities, 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 firt confifts in finding the fcale of fpaces thatm the

o ot
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fhot adted on by the impelling power has paffed through in
correfponding times. The fecond is to find by means of
this movement of impulfion, the fcale of retarded velocities
in correfponding fpaces, To find the firlt {cale, fire fame

(Fig. 26.) rounds from the point S, in the direétion § r-

with equal charges, againft a butt placed at the feveral dif-
tances So, S/, Sm, Sn. Now as two points on the
furface of this butt will be always known, viz, the paint
_ where the line of direGtion § r falls, and that which the thot
ftrikes, the fpaces oa, /b, mec, nd, pafled through by the
gravitating principle, and the correfponding fpaces 54, s/,
s m, sn pafled through in the fame time by the movement
of impulfion will be known, and the curve § a 4 ¢ d defcribed
. by the projeitile will be found. If the butt be placed at
fuch a difiance that the longeft line nd of delcent does not
exceed 150 feet; the refiftance of the air to the movement,
of gravitation will be inconfiderable, and the theorem

32.18¢* . . .
S= — will ferve to determine the time =¢, that the (hot

is pafling through the fpaces o4, /5, mc, nd in its movement
of gravity; and alfo through the fpaces So, S/, Sm, Sa in
its movement of impulfion, ' -
Fic. XXIV. Draw the dire&trix A E, making AB
— 5 :
=v -2 04, AC=vV/2_1b, AD=y/ 2
32.18 32.18 32.18

mey AE=v/ 2 5 nd, and erect at the points B, C,
32.18

D, E, the perpendiculars BH=So, CI=S/, DK=
Sm, EL=S=#; then a line paffing through the points

A, H, I, K, L, will be the fcale of fpaces paffed through

by the thot 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
thot; thus the retarding force of the air will be known,

196. It has hitherto been fuppofed that the fhot is pro-
je&ed in the direfion of the axis, but this does not always
happen. To remedy this inconvenience; fire the gun with
a charge that will produce a given initial velocity, place the
butt E%?ig. 26.) at di&'cr(e;nt diftances So, S/, Sm, S,
- taken
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taken at pleafure, and meafure the velocity with which the
thot impinges on the butt, either by mealuringits penetra-
tions (176), or by fome machine proper for the purpofe. On
a line, fet off the abfciffas S o, S/, S m, S n, equal tothe 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 ereing it at the beginning of the
abfciffas, we fthall 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 a 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 projeiles, 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 pracical utility and
eafy application, induce the fludents 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.

TREA-
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TREATISE

O N

F I RE-ARMS.

FIRST PART,

OF THE RESISTANCE OF FIRE-ARMS TO THE ACTION
: oF Powper.

The Metal of which any Fire-arm is made ought to bave cer-
tain determined Phyfical Qualities, combined in fo juf} a
manner with the Thicknefs of the Pigce, that 1t may be able
to refifl the Explofion of the Powder, without being unnecef-
Jarily heavy and unweildy. ' :

THE earlier ARTILLERISTS, convinced from experience
of the juftnefs of this remark, fubflituted in the room of iron
ordnance, guns and mortars cat of BRonNzE, a metal com -
_pofed of tin and, copper ; to which they fometimes added 2
proportion of brals : hoping that this mixture would poffefs
the feveral qualities in which the iron ordnance had proved
. defetive.
2. Bronze was in ufe before the invention of gun:powder.
It had long heen known that a mixture of tin with copper
was lefs tenacious and malleable, but harder than pure copper;
and that it even became fhort and brittle, if the tin were in
too great a quantity. Wherefore the two metals were pro-
G 2 portioned
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portioned according to the different ufes for which the
bronze was defigned : for calling ftatues, machines, &c.
which required nice workmanthip, the tin was generall
between a 20t and 50" of the copper, and to give this foft
metal a fine colour, they added a -proportion of brafs, be-
tween-a 3¢ and st* of the whole. For bell-metal, which
fhould be very hard and entirely free from, the feparations of
the particles of metal found in bronze containing too little tin,
no brafs was ufed, and the tin was in the rauo of 22 to 27
in the 100 of copper. o e

3. PETER SamDI, an ltalian, who fully knew the pro-
perties of fimple and compound metals, publithed in the be-
-ginning ~of laft century, fome' obfervations on the damage
that cannon fuftain from the explofion of powder: wherein
he pointed b:rut the neceflity of having a mt;:l that fhould be
uniformly bard, and refiffing, not brittle like glafs,
like copper, nor {5:;"1: o car{adc;liée_bmj}s bgt.qofr'cl{ 'ﬁjl‘td
be able to fland repeated firings without fuflaining the leaft
fref - Thefe ideas from their jultnels and accuracy foan
fpread from ITALY, in that day the {chool of military fcience,
throughout all EuroPE ; and the Pyrotechucia pf Vannuccie
Biringuccio-had already pafled through feveral editions: it
was natural therefore to fuppofe that the quality of bronze
moft proper for artillery would haye been univerfally adopted,
and 3 .gertain proportion of the component metals fixed on.
On the contrary, the moft enlightened and warlike nations
proceeded without any determined principles, and various
compofitions were in ufe till the middle of this century ; as
;naye&be gathered from the¢ numerous publications on the

Ubj >’ . h e, ‘ I .

4 This variety- of opinions gave rife to two parties : the
Italiaps, defirous of, having a gun-metal hard and free from
cavities, mixed the.tin and copper in the ratio of 12 to 20 in
the 100; and by applying a beuch, repaired the guns when
the vents had run. The sppofite party, confidering tenacity
as the moft eflential quality, mixed the tin with the copper
in the proportion of 4 to 8 in the 100 ; and maintained that
this compofition was the beft, as the vents were not fo foon
affeCted by the five ; and attributed the alteration in the bores
of the guns, whence they were foon rendered unferviceable,
to-any other than the true caufe, which was the foftnefs of
the metal.  So long as powder was made of a weak quality,
and the guns were not over-heated by too quick a fucceﬁo:;

. . o

J
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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 threé or four hours ; this queftion
remained undecided : but fince the powder has been made
ftronger, and the firing has continued inceffantly from miom-
ing ull night, fo many accidents have happened owing to the
fottne(s of the metal, that there has been an abfolute neceffity
for increafing the quantity of tin. A

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
matures, caft by founders of different nations. In the wars
of 1733 and 1742, fome of thefe pieces continued perfectly
good atter 1000 rounds ; while others became unferviceable
afrer §oo, or even fewer difcharges: as the (hot in ftriking
againft the fides had confiderably altered the figure of the-bore.
Many experiments have been made in this capital fince the
peace 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 effe@s. This treatife 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 maximns already eftablifhed ; that the artillesit may
take in at one point of view their rife, -conneftion and deduc-
tion, and be¢ thereby enabled with the.grdater readinels to
apply them to praftice.” = ¢ vt

6. Before we attempt-to afcertain the beft conflru&ion for
firearms, it will be proper to confider in what their perfection
confifts ; that from a clear dcrimination of the neceflity and
wmportance of each particular point, we may avoid the error
into which many have fallen, of paying attention to fome cir-
cumflances while they negleGted 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-
leflly to multiply the fpecies of ordnance, which has been
already -obferved by fome excellent writers ; who from the
badnefs of the inventions have iaferred the want of talents
in the inventors.

7. There are two principal conditions which conftitute the
perfe@tion of every fire-arm : the firft requires that it be fo
¢onftruéied that the men who work it may run no rifk of being

C G g3 burt
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burt by it ¢ the fecond, that it be manageable and adequate 29
every purpofe for which it is intended.

8. To be poflefled of the firft condition (7); the quality
of thé metal, of which any gun is made, fhould be in fuch a
juft combination with its thicknefles ; 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 a
figure, that with the fpunge the gunner may be able to
extinguith any fire that hangs in the piete, in order to
avoid the dreadful accidents that fometimes happen in
reloading. ,

3. Guns intended for works or batteries fhould be
of fuch a length that the explofion may not damage the
embrazares, and that there be no neceffity for making
the inne? part of them too wide ; which greatly expofes
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 a moderate thicknefs for a long time refift
the force that tends to burft it : as guns of large calibre

_ wnay on this principle be made lighter, and. be confe-
uently more eafily worked and brought into attion.
The metal fhould likewife be of fo hard a nature, that
the bore ‘of the piece may fuftain witliout alteration a
Iong continued firing. o

2. That in diminifhing the weight of metal, fuch
regard be paid to the figure of the gun, and the pofition
of the trunnions, that no irregularity of movement can
take place at the difcharge, fufficient to damage the bore
of the gun, or alter 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. ' o

After thefe preliminary obfervations, let us proceed 6 ex~
amine feparately the feveral caufes that conduce to the per-
feQtion of fire-arms, '

.

CHAP.
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CHAP L

OF THE METALS OF WHICH FIRE-ARMS ARE MADE.

10. TH E fimple metals ufed in cafling cannon, are
irom, copper and tin; brafs, which is a compofitien, 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 merals, the iron and copper ufually met
with in commerce, are not fufficiently refined for the pur-
pofe of the founder. The fubfequent remarks on the méthod
of ufing thefe metals will alfo point out when they are pro-
perly purified. ' S

11. Iron ore s generally foundin the form of an indurated
carth, and is fluged in contatt with charcoal, with a very
ttrong heat kept up by means of large bellows : during this ope-
ration the greater part of the volatle particles contained in
the ore, as fulphur and arfenic, exhale in form of fmoke, and
the phlogifton uniting itfelf intimately with the ferfuginous
particles, the iron appears in fufion at the bottom of the fur-
nace ; whence it is run into a trough prepared ‘with fand of a
demi-cylindrical form, and is by the workmen termed a pig.
This is called iron of the firit fmelting, and is always un-
malleable, S

“12. This iron is again finelted by a fimilar procefs, and is
then called ivon of the fecond finelting, which though purer
than the firt, is ftill unmalleable. In proportion as the
ore is more purified and has been oftner fmelted, it fufes
with more diﬂgn)culty; and the fufion does not at Iength ¢om-
mence tiil the heat be very intenfe. ' T

13. The iron procured from foreign countries, as an arti-
cle of commerce is generally diftinguithed into two forts.
The 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 a good and
tenacious quality. e

14. For iron guns, the ore of the moft tenacious quality
is the belt. Englith oreé in the higheft eftimation ; it has

4 a fuf-
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a fufficierit degree of hardnefs, fince in firing with (hot, the
bore of the gun is never injured; but as it is not fufficiently
tenacious to refift the force of powder in very long ficges, it
becomes neceffary to fupply this defect by adding to the
firength, and confequently to the weight of the cuns, to
prevent their burfting: wherefore 32 pounrders with proper
reinforces are too heavy, and are only ulfed on board of fhips
of war, 24 pounders tzing the largeft picce of iron ordnance
that is ufed in land fervice. :
" 15. The iron of the fecond fmelting is heated and welded
‘with a forgre hammer to increafe its inaileability and tenacity':
this operation is frequently repeated to feparate the earthy
heterogenous particles.  When ‘thus worked, it obtains the
* mname of forged iron, and is lefs hard but much more ena-
‘cious than before. It is efteemed of the beft quality when
.mallesble, beth hot and cold, and when it yields to the file;
but when it breaks-and fplirs under the hammer, itis not fo
goed. A very vidlent and Jong continued heat is neceffary
" to fufe forged ivon 3 and from its foftnefs, it is only ufed in
‘the conftruction of fre:arms of fmall catibre, from which
Jeaden bullets ave proje@ed, as wall-pieces, mufquets, piftols,
&e. fince from its great tenacity 'the barrcls may be made very
thin- .o i . Lo RN

16. Copper is generally found mixed with other metallic
“and volatile fubftanoes ; according to the nature and propor-
tion of which the operation of purifving muft be varied. It
fametimes happens hat a veia of a copper mine will fornith
‘fot- 2 confiderable time, an ore ealily refined ; but at Jength
itx Quality alters, which induces a neceflity of multiplying
and even diverfifying the proceffes of refinmg. In all cafes
it is firft fluxed; whence a regulus or mixed metal, called
" black capper is obtained ; which is unmalleable and of different
qualities accarding to-the nature and proportion of the hete-
“rogeneous fubftances. :

17. To purify black copper, the chymifts ufe the capel
almo(t the fame manner as the refiners of gold and filver:
but the common method is to roaft and afterwards fmelt it ;
that during the roafting, the volatile particles may be fub-
limed; and that when m fufion the other heterogeneous fub-
flances. may be converted into fcoriz: the metal obtained
from 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, common, 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 GeErMANY, Savoy, and Japan, which is very well
rified : that procured from AosT and SWEDEN is harder
and lefs malleable ; but the copper brought from Mexrco
is of a very inferior quality, being crude and totally unfit for
wire-drawing. N

18. Pure copper is red, tenacious, duile and malleable;
it is drawn into very fmall wire, as the ftrings of mufical
inftruments; and beat into very thin veflels without breaking
or fplitting : this is a certain method of proving is purity.
. This copper requires a very ftrong and long continued heat
to meleit. If it be fufed without being in conta& with any
phlogittic body, and the fire be ftronger than is n 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 feorize floating on
the furface of the mélted metal, If the fcorie be foummed
off, pounded and mixed with a quantity of ehémdal;'.’t:?.
will when expofed in the furnace to a frong bhaft 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 a2 fine green colour; when diffolved by
oil of .vitriol; it exhibits a blue flame, C R

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

The copper of the third kind is-of an inferior quality 5
lefs tenacious and -dudtile:. 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 the fufion : but then the flame
inftead of being of a greenith is cf a whiti(h 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 thort and‘brittle.r

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 ealily fepa-
rable from other heterogeneous fubftances that ‘are h'vhter,
cither by picking or wafhing, after it has been poupded in a
mortar : the ore is then roaited to clear it of the arfenic, and
afterwards fmelted in contaét with fubftances 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; 3nd
a creakin, o§ 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 proper degree of fire, it readily refumes the
metallic form. Purified tin is mifcible with othcr melted
metals, and diminifhes. their dudlility and tenacity, - except-
ing lead. On the ather 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 io Calamine, Lapis Ca.
laminaris, and the fubftance called Cadmia Fornacum whlch
attaches jtfelf to the mouth of furnaces, in which metals
containing zinc have been fmelted. - This femi-metal eafily
inflames, when expofed toa fufficient degree of heat, fub-
limes in the form of white ﬂowers, called philofophic wepl,
and is diffipated. As zinc is found mixed with dxffcrcnt
minerals, the operation of purifying it varies according to
their feveral qualitics.

a3. The combination of zinc with copper is called brafs.
When the fubftances are.of a good quality, the brafs is tal-
Jeable when cold ; brittle, when very hot: but if compofed
of unpurc matcnals, itis brittle when cold: from this pro=
perty its quality is ealily afcertained. Brafs is yellow and
more fufible than copper : if fufed in a crucible with a firong
heat, the melted met:l 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 will lofe all its zinc, 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 fooner be-
come flud : if copper, or a mixture of it with tin be already
melted, an addition of tin will reander the fufion thinner;
tin is then the menftruum of copper: bat 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 fo as to be fuddenly condenfed 3
the particles will retain their intimate-connection when per-<
feQtly 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 chara&ters 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 fub=
je& to cavities; it even lofes its tenacity and becomes crude
and brittle, if the quantity of tin be too great; the addition of 3
confidérable proportion of brafs renders it a little harder, and
even more brittle when heated (23) though thebrafs be of the
be(t quality. Since the ufe for which the bronze is defigned
muft determine the proportion between the component parts,
in 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, muit
(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 compreffion.

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 fhould 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 fhould be between a 6 and an §* 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. If the copper
be very well purified, and confequently very foft and ductile,
the quantity of tin fhould be nearly 16 in the 100 of copper;
but not more than 12 in the 100, if the copper be of an or-
dinary quality ; 12lb. of tin mixed with -100lb. of impure
copper form a crude and brittle bronze, and fthould never
be ufed. In order to increafe by compreflion the nawral
hardnefs and tenacity of thei metals; the moulds of guos
fhould be fo made, .that the fuperincumbent mafs, commoaly
- called the bead, be as long as pofiile. -

28. Whenever brafs enters into the compofition of gun-
metal, it fthould be in fmall quantities; fince, as has been
already obferved, it tends to render it brittle, particularly
whei the.gun is heated by. frequent firipg (23, 25): befides,
as it muft be put into large furnaces by fmall quantities at a
time, the zinc of the brafs firft introduced will be fublimed

. {235 which caufes an uncertainty with regard to the juft

oportion of the materials. The advocates for the ufe of
brafs think that it aflifts and preferves the perfe& mixture

between the copper and tin ; but this opinion is not fuffici-
ently warranted by experience.

29. To the remarks already made on the hardnefs of
fome particular metals (Inftit. Phyf. Mec. 66), let us add
sherefult of experiments made on frveral compyfitions in 1959
by Major RuNzINI, director of the royal laberatery of
matallurgy. In thefe experiments, feveral rods of metal
were cxpofed to the force of a piece of iron weighing 83 1Ib.
which falling from the height of 13} foot, on the head of a fteel
punch with a conical point drove it into the rod of metal, upon
which it refted; the effects are therefore exprefled by the fize
of the hales made by the punch, which from the ﬁmilari;yf
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of the figures, are in the triplicate ratio of the penetrations,
markéd in the firft column ; and the relative hardnefs of the
rods are exprefled in the inverfe ratio of thefe hales; for
example, the hardnefs of the bronze A is to the hardnefs of
the bronze F as 173 to s1.

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

EffeQs exprefi-
ed by the
‘ : relative fizes
The relative Penetrations of the punch of the holes
into the Rods. made by the
punch.
Figf Column. . Second Column.
Fine tin of England —_ 92 1216
Pure copper of Germany - 56 : 480
Small pieces of .copper coin " 301
Brafs of Germany, malicable whencold 54. . 246
A mixture of 100 parts of copper, ra o
of tin, and 2 of zinc, the zinc be- 3 42 K6,
ing previaufly mixed with the tin e
A mixture of .100 pans of bnfs and 3
12 of tin. —

Bronze formed of good Materials in me tdﬂoﬁhmg Psophrtmk.
. Copp(r N fm Br‘lﬁ. 1) 6? Sd”w.

A 100 ‘25 .”"‘"‘
. rB 100 20 ¢ g‘ o f
C 1o 16" * " 3y iv8
D 100 14 |
1E " 1co 12 ‘ ’“316
F 100 g - 48' : 273
r g 100 24 100 37 g
. . 100 20 5 4 2
Pxﬂ'erent Mixtures. 4 100 16 28 §6
L 100 14 8 137 g
M 100 12 6 40
N 100 10 12 42 116
P 100 g 20 44 133
Q. 100 28 47 162
R 100 5 20 49 184
LT 100 £t 20 s2 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 afligned (27) may ferye as a rule

. 2o judge whether the other. metals have the requifite
hardaefs 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 piece of, fine, Englith

~ tin of a determined guality ::ﬁ,then find the penetration
..., of the fame¢ punch into the bronze prapofed, and ex-

prefsit by Z; -‘IZ will 'be the propartion between thefe
“ ' 'penetrations. But by the experiments in t}}ppreccdmg

A paragraph.% is the proportion between the penetra-

tions into the tin and the bronze D.  If then—%: %,
‘the propofed bronze Z will be as hard as the given

bronze D ; If -% % Z will be harder than D, and if

- I 92 . .

7 <4°, 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 firft place, the compofition of a bronze may be

determined by finding experimentally its hardnefs and

- tenacity, and comparing them with the hardnefs (29)

and tenacity glnﬁit. Phyf. Mic. 64.) of a bronze given

as 3 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 compofition 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 verfd. 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 a2 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; greatetr than § when
the feCtion 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 1L

OrF - THE HaRpNEss AND TeNAciTY oF GUN-METAL.

32. TO prove more clearly the neceflity of having a
hard and tenacious- metal for cafting guns, and be enabled to
affign certain limits to thefe two properties, fo that the pieces
may be fufficiently firong, without unneceffarily 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&, thould be confidered.

Fired powder tends to deftroy guns in three different ways.

1. By the preffure of the elaftic fluid againft the in({dc
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: o'rhin

cither
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either cafe, the elaftic fluid generated at the bottom of

. the cylinder, is fo much accelerated in its motion before
it reaches the refiting body, that it a&s with, great
force, and meeting with obftru&tion exerts againft the
fides of the gun, a power much greater than that pro-
ceeding from the preflure alone.

3- By the irregular motion of a thot, 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 refitt the preflure of the elattic fluid,

- 33. To know how far tenagity combined with the thick-
mg of metal can refilt the force of powder (32 No. 1, pl. 1,
Fig. 1.) Let the figure reprefent a feion of the charging
cylinder 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=
mgq is the expreflion of 2 cylinder, which burits longitudinally,
aod m=2r; then fubflituting this value, and correQing the
expreffion 4981 5= ¢; # {hews how often the fluid generated
from powder is more elaftic than the natural air under 3 mean
_ ftate of the atmofphere, and ¢ exprefles in pounds the weight

requifite to overcome the tenacity of the metal. Suppofe
the clafticity of the fluid be at the higheft degree, viz. equal
to that produced under a very dry ftate of the atmofphere,
in a veflel that invariably preferves its form, whence it can

only efcape by the vent, n=1900 ( Treatife on Powder 137):

then 4981 x 1g00=9463q00 lbs. which is the tenacity re-

prefented by ¢ in a thickne(s of metal equal to the diameter of
the bore and in equilibrio with the given preffures. The
tenacity of bronze compofed of common copper and 3 of

tin is 12909386 ; and of bronze containg ; of tin 11881360

(Philof. Inftit. 64); hence if either be ufed for cafting can-

non in the proportions of heavy artillery, the tenacity will

be greater than is requifite ; particularly as in pra&ice, the
greater part of the fluid efcapes through the mouth of the
gun, Wwhere it encounters no other refiftance than the friGion
of the wads, and weight of the fhot, {o that the elafticity

never amounts under the moft favourable circumftances to 3
‘of the greateft elafticity 1goo. W herefore gun-metal may

be compofed of copper and ; of tin, without any rifk of

the gun’s burfting,
L 34. THR
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34. THE OFFICERS OF ARTILLERY, in order to afcer-
* tain whether guns caft of the mixture'-M (29g) 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 thicknefs at the end of the firft rein-
force equal to -;% of that diameter. In the month of May,
1771, this gun was loaded with 161b. 60z. of - fine war
powder, the wads were of twilted hay, rammed down by
fix ftrokes, from two gunners ; the reft of the cylinder was
filled with, clay..very clofkly. prefled, and a tompion ot -woed
wedged into the muzzle: the gun thus. loaded.was placed-in
a ditch, prepared. for the purpofe, and ftrong ftakes-driven
on each {ide.to prevent the leaft motion ; a ficavy beam was
fixed behind the breech, and another before the. muzzle, .t
force all the fluid to efcape bya hole made in the axis-of a
bouch fgrewed jnto the vent: The chagge being {et fire to;
all the fubllances. were forced, through she mouth of the pieeg, -
and the bgam placed there blown into the.air.. The gun
was cayefully: 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 a2 ftrong compreflion, yet not a fingle drop ooze
through. « . : - :
35. It has been already obferved that metals lofe their te-
nacity when heated, and compound metals more than fimple
ones; wherefore the oftener the guns are fired the lefs tena-
cious the metal becomes. 'This heat however is never fo great
as to fire the powder in loading the piece; befide the artillery
men cither ceafe firing or. cool the gun. with a.wet fpunge,
when they are apprehenfive of its being too hot: wherefore
we will confider this heat as the higheft term in comparing
different tenacities. Bronze containg  of tin lofes at moit
a third of its tenacity, when heated fo as to fire powder; or
in other words, its tenacity is only equal to 7358758 ; and
bronze containing g of tin and heated to the fame degree
lofes only a fourth of its tenacity, which is thus reduced to
9682040 : then, if in the theorem 4981 7=¢4, 1200 be
fubftituted in the place of #n; (fince (33) in the common
firing 1<} x 1900,) 4981 X 1200=5977200 equal to the
’ H preflure
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preflure of the fluid : wherefore the tenscity of thefe mewls
heated fo as fire powder, is fill greater than is neceflary,
when the thicknefs of imetal at the charging cylinder is equal
to a diameter of the bore.

36. The following experiments made by the Orricers
OF ARTILLERY, in the fpring 1770, at the PracTIce
BaTTery will prove the above propofitions. A 32 pr.
called the Sarcophagus conftructed on the fame t and
of metal of the fame quality as the Jnvincible, was fired 800
times with fhot, -the windage of whiclx was agreeable to the
prefent eftablithment: the charge of 8lb. 52 oz. of fire
war powder was ufed ; two gunners gave five firokes 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 reunds a day were fired at the rate of 12 in an
hour, which is more frequent than in the hotteft firing at
fieges, as en an average 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 fmooth, and the gun having been cach time poimed
to the busz, the fhot were all thrown in a dire& line; the
infide indeed of the charging cylinder was become rough;
but this could not affect the fervice of the gun, and was aus-
buted to the Jiquefaction or calcination of the particles of
- tin that lay on its furface. It has often happened that on
heating the breech of a gun, to repair the vent which had
been enlarged by firing, the exterior furface has become very
rough, and when the tin has not been properly mixed with
the copper, little cavities have been formed: the irregular
enlargement of the vent further proves a want of due exa&-
nefs in mixing the metals. .

The Sarcophagas 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 eighth chapter.

37. Having thus confidered the refiftance of guns with re-
fpect to their tenacity combined with the thickneffes of menal,
let us examine why hardnefs is likewife neceffary, and how far
this property thould be carfied. For this purpolz, the a&ion of
the fluid on the fides of the gun, particclarly at the part
where the wad is placed between the powder and fhot, muft
be known (32, No. 2), The cafieft and moft °ﬁﬁ"§l

metho
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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 to 3 of the weight of the thot, and be wad-
ded as ufual; after the difcharge it will be feen that from
A, where the (hot was lodged, towards B the bottom of the
bore, the fides are diftended all around, and the orbicular
cavity ACD 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
entincl)y 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 fill correfpond with the ituation of the
wad between the powder and fhot. If, inftead of being con-
firufted 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 ; or at 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 equalto ; 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 thicknefles of metal be
only proportionate to the preffure 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 thicknefs of metal.

Sportfmen know by experience, that though the barrels of
their fowling-pieces may refift firong 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 rarefaion of
the atmofpheric air intercepted between the powder and wad;
bat whoever knows how to eftimate the force of this air, and
compare it with the force which the fluid exerts again(t the
wad, will be convinced that the a&ion of the latter is the trug

caufe,
) H2 38. The



116 OF GUN-METAL.

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 OFrFicErRs oF ARTILLERY. 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 1001lbs, 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 v’y of
an inch, that in the gun from the mixture R %, and that
in the gun from T ;%. Two fhort 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 5%,

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 ufe of the inftrument invented by Sic. MaTTEI,
mathematical inftrument-maker to the king, for taking the
exa& figure of the bores of guns. Ten of thefe guns had
been proportioned on a fcale made from the diameter of the
fhot, and caft from the mixture R : they were fired with
fhot at the elevation of 15° with 16£ lbs. of war powder ;5
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 greateft depth. The other ten guns
had been calt from the common mixture, which was harder
than R (29, 38), and proportioned on a fcale made from the .
diameter of the bore : each of them was fired three times with
fhot at the elevation of 221°, the firft time with 174 lb.

" of cannon powder, the fecond time with 22 lbs. ‘and the
third with 26 ; Ib. an orbicular cavity was likewife found after
the laft difcharge in all thefe guns of about three diameters in ..
length and +; 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 alion 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 lefs inflammable than war powder, ('T1eatife
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 lb. of cannon powder, the lefs
quantity of fluid having a longer fpace to pafs through, ac-
quired greater velocity ; fo that notwithftanding the fuperior
hardnefs of the metal, the cavity was of the fame deptb as in
the guns caft from R and charged with 162 Ib. of war powder,

'4¥ 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-.

lutiag powder, which was the ftrongeft 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 221°.

ExpPERIMENTS IN 1759.

Weight of Powder. ' Length of Range,’
B, oz. Yards.
9 4 3968
13 2 4456
i6 6 4659

After 'the two firft 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 0z. the cavity was much enlarged, its greateft depth was
vz 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 § of the weight of the fhot; the guns were laid at
15°, and the wads rammed as before:- after the experiment,

H3 ‘ pat
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not the leaft alteration eould be obferved in any of the guny;
this degree of hardnefs may then be looked upon as fuffi-
cient, and this conclufion has been fully juftified 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 1‘7?3 and 1742, there was an oppo; tunity of
examining guns of different nations, that had been rendered
unferviceable by the fhot firiking againft their fides, and
making cavities, furrows, cracks, and fwellings, 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 ofartillery, 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, proceeded without any regular fyitem:
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 gteat length of the bore; at the
firft round, the powder was equal to 3 of the weight of the
thot; at the'fecond to 3; and at the third, was equal to it in
weight : fo that if the metal were not of fufficient hardnefs,
an orbicular cavity was formed at the pofition of the wad
between the powder and fhot, without the leaft attention
being paid to it : lefs charges being afterwards ufed on fer-
vice, the thot was placed in this very cavity, which caufed it
to take an oblique dire&ion, 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 rende
unferviceable. .

43. The refult of experiments made in May 1753, and
in July 1759, will farther thew 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 conftruéted with the fame proportions; the only
difference being in the calibre : for the diameter of the fhot
being divided into 82qo parts, the calibre of the fmalleft gun
was 8463 of thofe parts, that of the fecond 8505, and t,h':,

o
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of the largeft 8580. Shot perfeQly fpherical and well po-
lithed were caft for the occafion; none were ufed that were
not exa@ly 8290 of the fame parts in diameter; the propor-
tion between the calibre of the gun and the diameter of
the fhot was in the gun of the fmalleft calibre as 31 to 39,
in that of the mean as 27 to 26, and in that of the largeft
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 fucceeded; no
flaw appeared on examination, except 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 ticir carriages,
were placed on horizontal platforms, charged with 6£1b. of
pov:rity and directed towards the butt; 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
obje&t beinz to obferve in what manner the guns were ren-
dered unferviceable, they were examined at firft after cvery
ten rounds; 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 betwcen the 40'* and 50 rounds: thefe
increafing in number and fize, we obferved between the
11c® and 120® rounds feveral fiflures; the muzzle alfo
began to lofe its fhape, the rumber and depth of the cavities
increafed from the 126" to the 137'*; and at the 139** round
the (hot broke to pieces ; 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 60 rounds, and feveral furrows between
. the 110 and 170%; at the 208 and 274™ the furrows were
much deeper, and the metal was cracked in feveral parts
eatirely through ; thefe fiffures increafing between the 220t
and 230" rounds, the gun became unferviceableat the 233",
when the fthot came out in pieces.

In the gun of the largeft calibre, fome cavities appeared
between the 30® and 40'® rounds, and fome furrows at the '
1 a_lo:, which enlarged at the 219™ and 230'*, with feveral
fitlures that penctrated to the exterior furface at the 240
yound ; and as they were flill increafing, it was judged un-

- , H 4 neceflary
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neceflary 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
8%1b. of powder.- After the formation of the orbicu-
lar cavity, fome rounds were fired with 6% Ib. of powder,
the fhot 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
unferviceable at 31 rounds; the third gun hzing 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 has been obferved of all the guns that
from-1760 to the prefent time have been caft from the new
mixture,. and ufed at the Praciice Battery for the inftru&ion
of the artillery-men. - - '

46. To demonftrate thag 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. caftiin the royal arfenal in 1748; they had
been proved as ufual; each having been fired three times at
the elevation of 221°, with powder equal to } of the weight
of the fhot a: the firft round, § at the fecond, and a charge
equal to it in weight at the third, After the proof, the
bores of the four guns were perfectly fmooth and without
the leaft flaw. - They were then filled with water, and three
out of the four having ftood this new proof, were received
and named Argos, He&or ayd Epirus: they were ufed
feveral years at the battery, and gave excellent pradtice;
for after having been fired more than 1000 times, their
bores were as {mooth 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 ftopped, another was drilled
correfponding to the top of the chamber; it was in 1749

: ed
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fired 256 times in three days from a horizontal platform ;
the charze was each time 4} Ib. of war powder put into flan-
nel cartridges; two gunners gave five. ftrokes to the wad
over the powder, and three to that over the fthot; the
windage of the fhot was as 16 to 17, the bore having beep
made unneceffarily wide. The thot 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 thele feveral experiments may be fubjoined a
particulor obfervation made in 1737, on the occafion of an
order given by the King, to carry on pra&ice in all the gar-
rifons. In the CiTy of VALENTIA, they made choice of.
along 6 pr. which had been caft at Pavia in the pre-.
ceding century wita the arms of SpaiN and bouched, a
proof of its having been frequently fired ; the bore was per-
fectly fhaizht and fmooth, except fome inequalities at the
bottom, which did not however hold the teeth of the:
fearcher. This gun was each time loaded with 15 1b, of pow-
der with the ladle, and twenty-four rounds fired daily in 3E
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, being
dug out of the butt which was in the plane of the battery : the.
windage of the thot 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 to have fuftained the leatt injury ;
the prattice had been very good, fince at the diftance of 300
yards, a fourth at leait 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 meceffity of
making gun-metal [o bard and temacious,-that on combining
thefe two phyfical qualities with the thicknefes of metal, artil-
lery may be fufhiciently firong, light and manageable 532),
and that by judicioufly ufing moderate charges, the advan-
tages of firing with exa&nefs and execution, and of preferv-
ing the ‘guns already infifted on in the Treatife on Powder,
may be fully obtained.

CH’AP.
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,c HAP. I

Or ruzj’Q{pézs OF SHOT STRIKING AGAINST THE
BorEes oF Guns.

i

49. ;Q HEN the metal is fo hand as even to prevent
the formation of orbicular cavities in the bore, the fhot may
firike againft the fides of a gun that is improperly conftru&ed
or ferved, In the preceding experiments the trunnions were
. properly placed, the bore exactly cylindrical, the wheels of
- the carriage of ejual height and moved on an even platfarm,
and the fhot had been carefully feleted : but if the bore be
not perfetly flraight, or the motion of the gun be the leaft
irregular while the fhot is paffing through it, or the thot be
not {pherical, itmuft firike the fides whenever the wads do not
clofely confine it; and, of courfe, produce a cavity deep in

rtion o 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. ' :
" so. That the fhot in pafling along the gua may be clofely
confined by the wads may be inferred from the following
ohfervation. - . -

1. The three guns (43) had defells fufficient .to
occafion every fhot to ftrike againft the fides, but this
feldom happened during the firft hundred rounds ; and
though at length the bore was fo much damaged as to

. groduce a violent thock at each difcharge, yet there was

nho -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 effe® not eafily to be accounted for,
unlefs we fuppofe the thot to be fo clofely confined by
the wads, that it could .neither roll nor change its di-
re€tion. As the wads were of twited hay, it follqws
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
‘sgajnft the fides be occafioned by the obliquity of its
dire&ion.

51. The



OF GUN~METAL. 128

§1. The fhot (43) were fometimes unconfined, and caufed
in 2 fingle round cavities and other flaws, deep ia proportion
to their obliquity: this occurs when no.wad is ufed, as in
firing with red-hot fhot, 2 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 thé middle, particularly whea
it is made thin asfor 4, 8 and 16 prs. In cafling guns
with a core thus bent, the bore muft be crooked; which
defed it is afterwards impoffible to remedy with the boring
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-two of
them bent at the diftance of 12 to 13 diameters from the
muzzle; the curvatures being in fome +; of an inch, aad
in others . By cafting guns folid and boring them after~
wards, thefe inconveniences are avoided, and the bores are
perfeétly cylindric and concentric, if the machine has been
accurately conftructed. .
53. One of the greateft defeQs incident t6 a gun is,
when the trunnions are placed too near to the centre of gravity.
In guns of this conflrution, the breech has a tendency to fly
upwards, which renders the firing irregular and fhortens 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 irre-
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 or platforan.

54. Shot which are rough or not fpherical, 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 fhot 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 direion will be altered, and it will purfue a freth one
communicated to it by the thock againft the fide of the gun,

CHAP. 1IV.

Or THE WINDAGE OF SHoOT.

55, TH E hardnefs of bronze and iron, and the great’
difficulty of making cannon fhot perfectly finooth and fphe-
rical render it almoft impoffible that iron fhot thould 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 zs 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 extraneous 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 demontftrate the exiftence of thefe modifica-
cations, there is one (111) which fthews how much the
force of powder in mufquets is affeCted by the fize of the
vent; the following experiment proves that its inflammation
and effe&s are alfo modified by the windage of the fhot.

§7. 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 perfe@ly horizontal. The fhot were of two kinds,
and grazed on an even piece of ground about g feet below
the axis of the gun; the (hot of the firft kind had the dia~
meter=C divided into 784 of the above mentioned parts,’
and weighed 7 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 1b. 20z. put into flannel cartridges in order to
colle& it exactly in the fame manner at each difcharge : the
wads Were of junk; two gunners gave three ftrokes 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. Gun B.
No, of Reunds. Yurds. Yards.
I *188 249
2 r9g* ‘ *197%
i i = 3 19 224%
With Shot of Diameter=C : 108§ 2451.
5 $2245 2485
6 197 *213§
1 ‘zzx;’- ' ’199;
. . _ 2 193 213
With Shot of Diameter=D { 3 2262 199%
-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 againtt the fides.

§8. 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 fhot of the firft kind. With fhot of the fecond kind,
A:C::28:27 A:D::20:19
B:C::23:22 B:D::18:17

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 ;

Meprunm
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Mz_muia oF RANGES.

1ft. Col.inclu-  72d. Col. exdluding
Proportion of  ding the irre- ,  the irfegular

windage. gular firings. firings.

. ) Yards, Yards.
28 : 27 200 197
23 @ 22 233 247
20 : 19 216 224

8 a7 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. Thas this proportien is the beft, fince not only
the initial velocity is the greateft, but the percuffion of
the (hot agamft the fides of the gun is avoided.

. That any deviation from this proportion dimi-
nifgcs the nitial vel?cky. (s8) g
n applying thefe proportions (58) to a fixed dia-
mestg, as topgha:’gfor inftance, eftablithed for 16 prs. fup-
pofing the calibse of the guns be to the diameter of the fhot,
as 23 © 22, ik would be found :

1. That on firing from thefe guns fhot of a lefs
diameter, viz. thofe of 15% prs. the initial velocity
would be diminifhed by .

z.l That with thot of 15 prs. it would be diminithed
nearly 3.

3 yTlnt with thot of a larger diameter, viz. of 16
prs. the lofs of velocity would be about .

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-
-1 ther new fhot and guns have been caft agreeably to the-pro-
portion thercin eftablithed ; to avoid as much as poflible the
inconveniencies refulting on fervite from want of accuracy in
this particular. There was formerly much confufion ea
this fubje; efpecially when the guns were nearly of the
fame calibre, as 15, 16 and 17 prs. but to take away all
poffibility of miftake in future, the calibres of our guns wccr:

‘ fix
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fixed in 1726, 3t 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 eftablifed flandard (59). Shot of this kind may
be ufed when itoz not neceffary to proje&t them with the
greateft initial vefbcity ; as, for inftance, when the befieged
fire againft the 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 oz
effect.

61. We Jearn from the hiftory of artillery, that it has
frequently been a fubje& of difcuffion among profeflional
ween, what is the proper degree of windage for preventing
the fhot from flriking againf the A’n of the guns, which is
attributed to the want of a juft proportion between the cali-
bres of the guns, and the diameters of the fhot; and after
Jong 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 glaflfes was, the beft for the chambers of
mortars. The tgame opinion led them to believe, that fhot
were impelied by the alion of the rays in an oblique direc-
tion, i 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
pescuffion of the fhot againit 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. Theonly property of windage is to facilitate the move-
ment of a body lodged in a gun, in whatever dire&ion it be
impelled. The experiments (45, 46, 47) prove that without
any regard to the proportion of windage, no damage enfues
to the bore of the gun, nor is the thot 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 defet in the thot. It refults alfo (42, 43, 1‘4)

that
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that if the gun have any of the defects mentioned in the pré+
ceding chapter, the fhot will ftrike againft it, whatever be
the windage ; but with this ditference, that if the fhot begin
to move in an oblique diretion, 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
powder deftroys every idea of rays of fire (61), and proves
that the greateft force obtained from equal quantitics 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 by a
fimple experiment that the property which burning mirrors
have from their figure of concentrating'the folar rays, has no
effe@t in increafing the force of powder fired in a veffel of a
fimilar figure; two 16. prs. were conftruted on purpofe
at TuriN in 1730. (Pl 1, Fig. 3) A parabolic chamber
C AD was made at the bottom CD of the bore FCD G
of one of thefe Funs, 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 KL 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° of elevation; the gun with the
cylindric chamber ranged 414 yards farther than that with
the parabalic chamber.

CHAP.
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\
CHAP V,

Or THE FIGURE AND LENGTH OF THE BoRES oPF -
Guns.

64. OU R anceftors withing to derive every poffible 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 cuttom among
the ITaLiaNns of diftinguifhing guns equal in length of bore
and calibre, but differing in weight, into heavy and medium
artillery.

WEei1GHTs or Guns.

Nature of Guns. Heavy Gﬁns. Medium Guns.

Pr, cwt, grs. lbs. cwr,  grs. lbs,

32 6s 3 16 54 3 18

16 37 2 2 32 o 3
8 20 0 I§ 17 1 15
4 10 3 26 9 © 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,
affaults of towns, houfes or villages.

65. The ordinary figure of the bores of guns is cylindric 3
the length contributes to a certain point to increafe the initial
velocity of the fhot, and give longer and jufler ranges.
(Treatife on Powder). The length of the battering guns
now in ufe, is not fufficient to proje& the (hot with the greateft
initial velocity ; but if they were made longer and larger
charges ufed, they would become extremely unwieldy:
moreover, experience has proved that thefe very long guns
do not throw their fhot 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 [’(rong({-r than that ufed formerly: the charges
then being neceffarily larger, occupied a greater fpace in the
length of the bore  Cannon not to be injured by long firing,
and to proje&t their fhot with juftnefs (g, 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 thot, the length of range, and effects 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 the common length: when longer they are termed
long, and when thorter, fbort guns. (Pl. 1, Fig. 2.) Set off
on the line B F of a gun of any calibre thrce 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
fhould be ever made of, to avoid the inconveniences pointed
out in the preceding paragraph: and if from BF, K F be
taken, the remainder B K is the leaft length for guns with
cylindric bores. o _

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 velocities will in fhort ranges increafe
in proportion as the calibres diminith; but in long ranges,
the thot from t..c refiftance of the air will be projeéted farther
from guns of large than of fmall calibre, in proportion to
the diftance; as appears by the following experiments. The
guns were loaded as above directed, and the fhot feverally
tell on three fpots below the plane of the battery,

Nusmsex
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Numser oF YArRDS BELOW THE PLANE OF THE

BATTERY.
i 2d. 8d.
t Yard. 80 Yards, 190 Yards,

Natur: of Guns. : Length of Ranges.
32. 219 104§ 2023

16 229 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 FrReNcH Authors to have
been made at DunkiIrK; it refults that guns of the largef?
calibre give the longefl ranges. The experiments at [)uNn-
KIRK were carried on with 24, 16, 12, 8 and 4 prs.
French guns laid at 45° of elevation; the charges of powder
were equal to } of the weight of the that; 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 - - 3254

68. Hence it may be inferred that common guns of large
calibre will range farther than long guns of {mall calibre;
the latter are principally ufefull againft objects not too diftant
or folid: 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 enemy in refpect 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 fhould 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 mmagazines and park of artillery out of
the reach of fmaller guns ’I and in maritime towns to keﬁs

2 t
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the enemy’s veffels 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 thould be reprobated on every
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 conftruéion. )

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 longer
guns: but as they are deftrutive to the embrazures, howit-
zers or carronades are preferable to them, if from the point
where th?' are placed, it is only intended to fire cafe fhot,
for they do not damage the embrazures fo much as thort
guns § their charges being lefs in proportion to their calibre,
and the diameter of the chamber lefs than the diameter of
the bore. ‘ -

91. An army deftined to a& in a champaign coan
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
nearer the muzzle, which would render them firmer on
their carriages and more regular in their movements.

72. When the fcene of altion lies in a mountainous
country, where from the badnefs of the roads the tranfport
of carriages. is almoft impralicable; a few picces 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
circumitances or the future operstions of the campaign nmake
it neceflary to bring it up. Should there be a neceflity of
having fome fhort guns (66) for opening a paffage through
defiles, &c. the diameter of the chamber (hould never exceed
the calibre of the gun, as they are very uncertain in theireffe@s.

In the laft century very fhort and light guns of different
natures and lefs in calibre than 4 prs. were invented for
accompanying troops through rouzh and difficult coun-
trics; but experience has thewn that they do nct produce the

. ' advantages

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

23. 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 fhorter than brafs guns of the

‘fame calibre, it having been found by experience that when
very lang the muzale is foon injured; wherefore thepe are no
long guns of iron. lron guns for fhips of war are made
nearly of the length of (hort 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 thips can approach near enough to each other to make
the fhot 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 mufquets that are toolong
or too fhort are equally inconvenient, and the foldier thould
ever be affured of ‘the goodnefs and effelt of bis fire-arm (7).

ragoons being deftined to a& 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 conftructed of different calibres, figures, and di-
menfions, according to the various fervices for which they
were defigned : the bore of the largelt 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 moft commonly ufed.

" 76. From 'the interior figure of mortars, the elaftic fluid
generated in the chamber is dilated on paffing into the chafe>
1ts preflure againft the fhell is fill fufficientte give it a_proper
velocity, unlefs the charge be too finall; as is feen in carro-
nades and howitzers, which in refpelt to their interior figure
may be compared to mortars with cylindric chamber:. ‘The
iregularitics 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 beipg in the direction of the
range: the too great length of the chafe is the caufe of both
thete circumflances ; for before the fhell can quit the monar,
it has recoiled a fpace equal to half the difference between the
diameters of the mortar and of the thell; the direction of the
latter is then altered by ftrikingagaintt the mortar, which
is frequently much damaged.

77. The chafe fhould be fo fhort that. the bombardier
may eafily adjuft the powder and the fhell; and that the fhell
in quitting the mortar may not be able to firike againtt it,
and alter its recoil. The chafe of the largeft mortars thould
be a diameter and half of the bore in length, which would
greatly facilitaie 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 meortars
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 muft alfo be
thortened, as in mortars ufed in proving pewder; 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 greateft initial velocity to the fhells, which is
often required on fervice without lengthening the chafe: this
is effected:

1. By conftru&ing the chamber of fuch a figure that
the powder being colle@ed clofe to the vent, more of
the fluid ma. be generated in equal times: the fpherical
figure is the beft for anfwering this purpofe, as has been
explained in the T'reatife on Pawder.

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 refitance may be aug-
mented by placing a tompion of wood over the earth

tha
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that is rammed upon the powder, and by prefling earth
clofe round the tompion and the fhell; the injua: veg-
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 fmall quantities of powder, as with large
charges the ftones would fpread fo much that few or none
would have effe®. Their diameter thould not be lefs than
15 inches, nor the chafe lefs than a diameter and a halt in
length, that it mav contain a fufficient quantity of ftones:
by increafing the diameter and length of the chafe, they
would contain more flones, and confequenily be more de-
ftructive; but then from their weight they would be very dif-
ficult to tranfport.

[y

CHAP VL

Or TtuE THIckNEsS oF METAL IN FIRE-ARMS.

81. TH ERE are two extremes to be equally avoided
in determining the thickneffes of metal in fire;arms , the one
is, making them too thin and light; the other, too firong
and heavy : the danger arifing from the firft is too abvious ta
peed infiting on; the fecond is com;rized within certain
limits. The metal proportionally diftributed throughout the
whole length of thic piece, ought to be capable of refifting the
forces which at each point tend to burt it; and of fuch a
weight as to prevent any irregularity in the motion ot the
fhot, that would materiallv arte:t thefjuﬂnefs of the finng
(9) : we will endeavour to alcertain thefe limits.

82. No abfolute and general rule can be laid d»wn for the
thicknefs of metal in guns, fince feveral phyfical points are
involved in the problem. In agun of agiven calib-e, tha
thicknefles proper to refiit the preffure of the fluid, may be
known by firing it very ttron ly reintorced feveral times with
the fame charge ; then thinning the metal and firing it again
with the fame charge ; and thus fucceffively diminithing the
thicknefles, till they ke fa reduced tha: the jiece burft at once
in every paint of its [an(h. Such expgrimengs cannat ba

n canclufivg
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conclufive in all cafes, though made with the utmoft accuracy;
as there may be defeéts in the mafs of metal, for which
allowance cannot be made. To avoid fuch a tedious procefs,
the fcale of preflures of the fluid againft the fhot may be
conftructed ; this method of refolving the problem is the moft
eafy and fimple: but the greater the diftance of the point
where the thicknefs of metal is determined from the place
where the thot is lodged in the gun, the lefs exa& will be the
folution, .
. 83. To enable guns to refift the prefure of the fluid, the
thicknefles of metal muft be determined from the fcale of
preflures.  With refpe& to heavy artillery (64) feveralwyounds
thould be fired from three or four guns, differing in length
but of the fame calibre as the guns whofe thicknefles 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 conftru& a fcale for eftimating the proper thick-
nefles of medium artillery (71), the largett 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 eflential 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 fucceffively in the other ordinates ; as
may be inferred from the fourth chapter of the Treatife on
Powder, where 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 fcale of corre-
fponding preflures may be found from this line by the me-
thod direéted in the treatife on moving bodies. It thould be
remnarked that the velocities of fhot from guns of large calibre
firgd with large charges, are produced by the preffure and
impulfion of the elattic fluid, which, generated at the bot-
tom of the bore, aéls with fuch force on the (hot (37) as to
communicate to it a conftant velocity, which the fecond wad
however ftrongly it may be rammed cannot deftroy. The
fcale fhould then be parallel to the axis of the gun; and its
diftance from it cqual to a right line drawn perpendicularly
« to the axis, exprefling the conftant velocity produced by the
impulfion of the fluid. - - S
a 84. This
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84. This being premifed; let a gun (PL 1, Fig. 4)
A B CD 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 preffure
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 burft in feveral
places at once, moft 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 preffure of the
fluid, and -not by the percuffion of the fhot againft the fides
of the gun, nor by any defect in the metal; as may be
known by examination. .

85. 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 rectangular ordinates; make E P equal AG (Pl. 1,
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 TY
parallel to PE for the thicknefs of metal from P to E; in
order to find them from P to H make the following propor=
tions; PO:NQ::PT:NV, and PO:HR::PT: HX,
draw a line through the points TV X; then Y T V X will
be the fcale of thicknefles fought. But if K L be the greate(y
ordinate, find K S a fourth proportional to P Q, 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 TV 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; (ig"l‘.' 2,
Fig. 5) let a 32 pr. be charged with 13 lb. 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 K S. If the gun be fired under the moft favourable cir-'
cumftances to the inflammation of the powder, that is, n=
3200 (33) the greateft thicknefs K S ought, ta be ;i of the
' s iametey
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diameter of the bore, and the leaft thicknefs H X between 5.
‘and 3 of KS. If the proportion of tin be 3 the greateft
thicknefs K S fhould be 3§ of the diameter of the bore and
HX joriof .

87. the following confequence may be drawn from a con.
fideration of the theorem gg62 2 r—=mg¢ (33):

1. That in two guns of equal calibie caft from a dif-
ferent compofition, fired with equal charges of powder,
and waddedp(i)n the fame manner; if 7 and # be conftant

uantities, the thicknefles=m at points equally ditant
rom the bottom of 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 preflures of the different peints will differ from thofe
produced by the firlt charge, the correfponding thick-
nefles fhould be in the ratio of the fecond preflures.

3. That in two guns of different calibres, if the
tenacity =g and the preflure =# in points equally diftant
from the bottom of the bore, the fame ordinate will
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 circumftances; (Pl. 2, Fig. 6) as for example,
if ABCD be a 32 pr. of which the thicknefles H H,
KK, AL are as before exprefled (86) and it be wifthed to
determine in 2 gun D CF G of a different calibre, the cor-
refponding thicknefles M M, N N, G P, the problem may
be cafily folved by the conclufions drawn in the laft para-

ph, without having recourfe to experiment : other pro+
blems alfo that are connelted 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 thot never fruck the fides : but if ina
gun thus proportioned, the thot fhould ftrike the fides, the
metal would yield and the gun burft. Thefe percuffions of
the (hot produce in brafs guns two different effets: they caufe
hollows in the infide, which are always perceptible whatever
be the fize of the gun ; but the harder the metal, the lefg
jmpreffion the fhot makes : thus they cannot be avaided by
adding to the thicknefs of metal, but may by increafing itg

hardnefs; but what is thus gained in hardnefs, is loft in
’ " tengcityy
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tenacity. The fecond effe& produced by the fhot is the
bulging or external 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 thickneffes muft be augmented. In iron
guns, when the percuffions of the fhot are very violent,
the piece burits without any hollow being found in the
bore, orany fwelling on the outfide: wherefore, if the tena-
city of iron could be fufficiciitly increafed without prejudice
to its hardnefs, it would be preferable to any other metal.

go. To determine the thickneffes 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 neceflary to have
the fcale T L M of the velogities in the {paces TP, T C.
The force with which the fhot firikes the gun in any point
as n V, is expreffed by the produc of the weight of the
thot, multiplied 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 ftrikes is farther diftant
from T as the cavity is lefs deep, and the angle of incidence
K V A becomes lefs. But if the fhocks proceed from any
adventitious caufe, which alters the dire&ion of the fhot,
and gives an irregular motion to the gun (53) then the
angle of incidence may be greater, and the fgrcc at the
different points V will be proportional to the correfponding
velocity ¥ L. That the thicknefs of a gun may be pro-
portionate to the greateft fhocks 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 thicknefg
at the muzzle to prevent its burfling or yielding in an
manner to the fhot determined. Suppofe this thicknefs :;
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 F R G D of the refiftance to the preflures of the
fluid (88, 89): therefore the line S F R QN will determine
the thicknefles throughout the whole length of the piece,
capable of refifting the forces that tend to burtt it,

91. In thus proportioning the thickneffes 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
fome very uncommon caufe, and the accelerated preﬂ'ur;qf
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of the fluid againft the fhot, a& in the diretion 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 firlt 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 1§; at
the beginning of the fecond reinforce ;% ; at the end of the
fecond reinforce 1§ ; at the beginning of the chafe ;%3

‘at the muzzle ;%. The guns of the fecond kind were in
the fame proportion, but the fcale formed from the diameter
of the thot, fo that they were not fo thick as the firft kind.

The third kind was as the fecond, proportioned from the

diameter of the thot from the breech to the firlt reinforce ;

but, at the beginning of the chafe was only 1% of the dia-
meter, and at the muzzle %. 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 ; .

’ r. That in the guns of the firft kind, a very violent
thock caufed neither crack nor bulge in whatfoever
part it ftruck: the force and diretion of the fhock
‘being gathered from 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 3 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. :

92. From the preceding obfervations é86) it may be
concluded ; that if the gun from A to G (PL 3, Fig. 8)
has its thickneffes AC, G D=14% ot the diameter of the.
bore, and BF =% ; the right line DF, will exprefs the,
thickneffes neceffary to refift the forces that tend to burft the”
gun, viz. the aétion of the fluid at N, and every other poirt
of the length of the bore, and the moft violent fhocks from
the fhot; provided that the fwell of metal ] at the mu;;‘.-

zlg
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#le be not lefs than 1%, and be for greater fecurity conneted
with the muzzle aftragal, by the convexline HL K. Gun-
metal not being fufficiently hard to prevent the fhot from -
making impreflion 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 ftrong are defe&ive 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 neceflity for
placing the trunnions too near the muzzle, that the motion
of the bréech maynot be fo violentas to render abortive
every attempt to hit the object : from the latter circumftance
alfo, they cannot enter far enough into the embrazures;
which are very foon deftroyed by the explofion of the pow-
der. The beft remedy for thele defeéls is to reinforce the
gun particularly at the breech, according to the proportions
laid down in the firft book of artillery: it will then be fuffi-
ciently heavy to preventany 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 enough 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 oblices 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 ma{ 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 producced ; this will make it ealy to
point at diftant objets that are not much clevated above
the plane of the gun, when there are no higher objets 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 §Philof.
Inftit,) for meafuring the refiltance of the bafes of cylin-
ders, will exaétly afcertain the quantum of this excefs.

95. A gun mounted on its carriage is fupported by the
frunnions, and refits 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 produ& 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 og“ Savona, were ordered to be brought to Piep-
monT: for the facility of tranfport they were fawed in
picces, which gave an opportunity, previous to the operation,
of afcertaining experimentally the truth of the foregoing
principle: A 32 pr. confiructed on the fame proportions
as guns of the firlt 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 ftick on touching it fmoked, and inftantly
blazed ; a much greater degree of heat than guns ever ac-
quire in the heavieft and longeft cannonades. The gun
being thus heated, two workmen gave more than 100 ftrokes
with a fledge hammer on the fwell of metal at the muzzie,
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 fhould be reinforced as much as guns of the
common length, fince they have equal forces to refift:
for example, if A T be the length of a fhort gun
that has the fame thicknefs of metal as the common
gun AB; (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
preponderate.

3. If 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 thicknefles diminithed from the breech to the
muzzle in the proportion of common guns.

4. If thefe thort guns are only intended for firing
cafe-thot 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 3 of tin only be fired with-
the medium charge, and the firt 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 fhort guns
of cylindric bores (66, 72, 96, No. 3) they may be dimi-
anithed, if the charges be Lﬁ'cncd or the wads comprefled with
iefs force.

98. In fhort guns and even in medium guns, (6, 7, 8, g)
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 artillerit may
canceive 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 dcprejikd 3:

clevated.
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clevated. The vifual ray fhould pafs over the ornaments
and interfe& the axis of the piece produced not far from
the muzzle (g4). From the conftrudtion of thefe fhort
guns, there is a very great difference between the dia-
meters of the bafe-ring and muzzle, which being confidered
by fome artillerifts as a defe&, a projeion 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 it with
precifion to very diftant objeéts : 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& the dire&ion in cafe the preceding
one was wrong : butas artillerifts may fupply the want of thefe
inftruments in a very fimple and eafy manner, itis unneceffary
to dwell any longer on the fubje&.

99. The thicknefles of metal in mortars are the fame as
were ufed by our anceftors for a long feries of years. The
theorem gg62 nr*=2rm+m?*x ¢ will thew that the thick-
nefs at the breech in mortars with (pherical chambers is fuf-
ficient to refitt the ftrongeft preflures of the fluid, when the
chamber is filled with fine war powder confined by a tompion
of wood, and the fhell furrounded with earth 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
laft century, the thicknefles may be increafed ¢, and then the
mortars will be fufficiently ftrong for every purpofe.

100. In mortars fired with the largeft charges, the elaftic
fluid generated in the chamber is confiderably dilated on
pafling into the chafe; the fcale of preflures therefore will
very fuddenly approach the axis of the mortar ; whence no
damage can enfueif the thicknefles have been properly pro-
portioned.  Mortars caft on thefe proportions, of metal
containing 4 of tin, refift the preflure of the fluid, and
every other force that tends to deftroy them, as the impulfion
of the fluid, and the percuffion of the fhell: but if the
chafe be not united to the breech by a confiderable thicknefls
of metal, it will be broken off, or at leaft incurvated. If.
the metal contain  of tin, the impreffion of the thells will
be lefs ; but the thicknefs muft be increafed.
) 101. Mortars
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" 1o1. Mortars are moreover liable to an accident thae
defeats every good purpofe expe@ed from the ufe of them ;
viz. the burfting of the fhell in the mortar, or immediately
on quitting it. This may proceed from a defel 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 fhell through which the fire from the explofion com-
municates with the powder. When from either of thefe
caufes it burfls in the mortar, it generally renders it unfit for
further fervice. Increafing the thicknefs 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 exccution.

102. The trunnions if equal in diameter to the femi-dia-
meter of the mortar will be fufficiently firong : 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 gre made of different diameters according to
the ufes 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

50 yards, as in longer ranges, the flones are too much
cattered to do execution; their chambers therefore are in
form of a troncated cone, with the greateft bafe towards the
muzzle and contain but little powder. This mortar having
no great effort to fuftain, may be lefs reinforced: the
thicknefles allotted for ftone mortars will anfwer for every
purpofe in which it is uled, as in throwing fire balls, car-
Caﬂ-CS, &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 effe&s of
the fhell by the height of the fall, the fpherical chamber s
the beft; but then it is neceffary to increafe the thicknefles of
metal, to infure proper refiltance and folidity. In the laft
century, 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 qther buildings ;
byt their exceflive weight has caufed themn to be difufed in
land fervice : ¢ven 15 inch Eorws are very difficult to work

upoR
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ypon batteries, and the fhell is very unweildy; they are
principally ufed at fea in bomb-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 eafily.
worked: the beft form for their chamber is cylindric; it being
of great importance that the firing from them thould be very
exadt, they fhould be well reinforced to enable them to refitt
the fhock of the thell and increafe the folidity. Mortars
bave been likewife conftructed 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 lighter without confiderably
diminithing their effets.

CHAP VI

Or CASTING ARTILLERY.

K :

506. THERE muft be a combination of feveral cir-
cumftances to infure fuccefs in cafting artillery : unlefs the
metal be of good quality and properly proportioned, the
guns may be defective, perhaps ufelefs ; and though much
depends on fcience and experience, yet chance has fre-
quently no fmall thare in the event. The principal motive
for examining and fubje&ing guns and mortars to various
proofs before 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 deteGion
of artificc or ignorance. :

107. To fucceed in cafting guns and mortars there muft be:

1. A perf:® connection between the metallic par-
ticles ; which depends cn the degree of heat and fufion
when themetal is run from the furnace into the moulds.

2. An exaét mixture of the feveral metals.

3. A moft accurate preparation of the moulds.

4. No vacuity in any part of the bore of the gun,
that may render it dangerous to the men that ferve it.

Lo 108. In
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108. In difpofing the metals in the furnate, the firt
Rep is to weigh them feparately, in the propartions previe
oufly determined and place them near the fumace. When it
has been heated for four or five hours, it js cleaned and fome
cakes of copper put in at the mouth; which being fluxed
fpread over the furface of the hearth; the reft of the copper i@
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 fcoriz are fcummed 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 and
the fire increafed for half an hour and more, till the whole
has acquired the degree of heat and liquidity judged neceflary;
the fcoriz then {wim on the furface, and are in part diffipated
with a luminous appearance; the remainder is fcummed off,
The mixture is then well ftirred and the furnace opened to

t it run into the moulds.

If no brafs be ufed, the proper quantity of tin is put into
the furnace after the fcorjz have been drawn away; and
when the mixture js fufficiently liquid, it is ftirred and the
furnace opened. '

1c9. 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 cop-
per or tin fhould be added to make it of a partjcular quality:
fome of the new compofition fhould be fufed and proved to
know whether it is of a proper tenacity and hardnefs. If it
be found that the old metal is unfit for the purpofe, it thould
be abfolutely reje€ed ; or only ufed in cafting ftone mortars.
Being thus affured of the goodnefs of the new compofition,
let the furnace be heated; as the metal muft neceffarily
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 neceflary, 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 fufion. 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 fhould be flirred ; and if there be the leaft reafon
to be dubious of its quality, a little thould be taken 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 muft 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 neceffary degree of heat which it would
not otherwife attain; for if it were put in befote, the part
of the hearth covered by the copper and the copper itfelf
would never be properly hot; thercfore 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 furnace 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 fufficient 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 poffible 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 1s kept moderate till
the fufion begins ; this in the language of the founders is
called putting them into a bath.
« 111. The calcination of copper and tin may be partly
repaired by the introdudtion of phlogiftic fubftances, but it is
_not judged expedient to have recourfe to this method in
Yarge furnaces: the founders contenting themfelves with drop-
.ping, while the melted matter is running into the moulds,
- fome unctuous fubftances, 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 defe&ive. Tin being
a folvent to copper, it would feem that thefe two metals
fhould form a perfe&t mixture when in fufion without after~
wards feparating ; as is the cafe in the fmall procefles of the
chemifts and metallurgifis: but experience thews that the
effeits 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 ccntain lefs tin than the breech
does, If from metal of the fame quality and liquidity fmall
and large guns be caft; in the former there will be v
linle difference between the tenacity and hardnefs at the
breech and the other parts ; but in the latter it will be very
fenfible from the longer fpace of time that the melted metal
takes to congeal in a’ large mould than in a fmall one:
Whenever the founders neglect to make a perfe& and equal
connection between the different metals, there are always

rticles 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
a 4 pr. that had been pradtifed 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 direQion towards the muzzle
of about 2 inches in length, } in its greateft and } in the
Jeaft 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 fettin
before the tin ; whence the latter remaining fluid for a longer
fpace of time infipuates l%felf by its weight between the in-

3 X terftices
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interfiices 6f the copper, already in part cangealed, defcends
towards the bottomn, and todges 1 .y cavity 1 nacs. . :

113. 1his ercumftance did not efcape tte obfervation
of our ancettors, and varicus expedients were devied in
the lait century for reinedying it ; fome thiew a quantity of
tin into the trough that condudied the melied mat:er from
the furnuce to the mould, when they judged that the mouid
was about 3 full ; others thought to prevent it bv the ufe
of brafs. Some are faid in order fuddeuly to congeal the
mctal, to have drawn out the iron cores from the moulds
while :ot, and to have thrown water into the vacant fpace 3
others again were anxious to form very long and weighty
heads, that the copper being firongly compreffed while fet-
ting, the tin might not be able to defcend. Expenence
has proved that this laft expedient is the bet; fince in
pieces ot large caubre, the differ:nce between the hardnefs
o metal at the breech and muezle is not very confide:able,
and ha:diy 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 or folvents.
It has been already obfirved that tin is a foivent of copper,
of whica it accelerates the fufion; but as the quantity of
tin cannot be increafed without altering the quality of the
bronze, this expedient can only be ufed fo far as the pro-
poi-ion of the ingredients will permit. Tartar and nitre
are th: moft powertul folvents; when mixed together in
equal quantities; the chemuils term the compound a white
fiux ; waien the quaality of tartar is double that of the
nitre, a black flux. As thele two fluxes, efpecially the
former, are very o&ive, much care and circumfpe&ion muft
b: ubierved in udng then, to avoid the damage that the
furnace would be ¢xpoled to, from the violent agitation they
occaficn.  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. lartar is ufed when from the great rarefadtion
of the. air ariting from extraordinaty heat, the fire is ren-
dered inactive, and the metal is infulib'e per fe. But if
fire alone will anfwer, the founders ftir and mix the fubftances
well together before they open the furnace, the melted matter
taen runs into the moulds ; and this method has been found
fuficient to rend.r it homogeneous ; for, if finall quan-
tities be taken out of the furnace with an iron ladle, ‘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 exceffive heat, whether produced by fire or’
a combination of folvents, be attended with bad effes;. a
deficiency in that refpe@ is not lefs pernicious > for inde-
pendent of the impeife® 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: tiefe can neither be attributed to the intrinfic quality
of the bronze, nor the want of proportionable thicknefs,
but to the defe@ of heat and mixture; fince the external®
flaws do not extend and comnmunicate with the bore : from
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 2 quantity of wood being ufed to heat the
furnace, fince with the fame quantity it tikes fometimes
36 or even 48 hours, to effet what at other times 16 or 18
are fufficient to de. 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& of the workmen in removing the cinders, which partly
ftops the reverberation of the flame ; thus the fire not being
fo intenfe, it is longer before the metal acquires the proper
degree of fufion.

116. There are fome accidents which baffle the utmoft
caution, as they proceed from variations 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 extra&t the moif-
ture, which rufhing out and bubbling vehemently, will dife
turb its fetting. On the contrary, when the mould is per-
feQly 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
¢r mould$ they are found in all parts of the gun indifcri- -

K4 _ minately,
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minately, and can ncither be avoided or difcovered before
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 furnace
not opened till the metal is properly fufed and mixed, there
will feldom be any cavities large enough to affe@ 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 furnaces are properly heated.

118. From the preceding obfervations on gun-metal and
the method of cafting artillery, we may conclude:

1. That the metal mult have certain phyfical quali-
ties to enable the guns to refift the forces that tend to
deftrov them. ,

2. That great art is requifite in reducing the metals
to a proper degree of liquetattion.

It refts with the officers of artillery appointed to fix the
proper proportion for the different natures of guns that are
to be caft, to afcertain the phyfical properties of the guna
metal ; it depends on the founders to flux the metals, and
form the moulds in fo nice and accurate a manner, that the
principles Jaid down by the artillery officers may be punc«
tually adhered to. From a want of attention to thefe dif-
tin&ions, it has frequently happened that every thing being
left to the mechanics, they, either through ignorance of the
ablolute neceflity of having particular properties in the metal
or of the means of procuring them, formed the mixture
without the leaft judgment; whence arifes the great difference
fometimes found in guns caft by the fame founders after the
{fane model.

€HAP.
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e CHAP. VI

Or TrE VENTS oF Guns.

119, TH E pofition of the vént contributes alfo to mo-
dify the inflammation and explofion of the charge. (P 3,
Fig 8) If 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%le motion of the breech, though of
the proper weight (84) will be fo violent, as to render the

totally irfegular, and of courfe the fire-arm ufelefs.
‘The vent fhould 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 metion 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 boré¢ a [mall cylindric chamber ABCD
(PL. 3, Fig. g) of which the diameter A C was 14% inch and
the length A B 2 inches, .the communication F to the vent
F G was diftant from A 14% : the part FN of the vent
made in the gun itfelf was in length 37%;, the remainder
G N was filled with an iron fcrew H L%VI K 2.% in length,
which had been well worked and tempered. After 500
rounds the metal was much corroded at F, and round the
orificc A C of the chamber; and the upper pat PABF
was confiderably damaged towards N. This increafed very
much in the next 300 rounds; the clefts extending towards
N were 1} inch in length; the pricked line Q Q Q_fhews
the alteration that took place in the figure of the chamber.
The part NG of the vent formed by the iron fcrew 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 increafe in the fize of the

vent ;

7
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vent; its pofition was not at all altered. This fingle experi-
ment fhews the neceffity of fuppreffing 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 corroded, it is
only round the lower 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 fecond
thapter the neceffity 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 after 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 therefore
to form the vent of fome more refifting metal, which when
enlarged may be eaﬁ? 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 general found
that. their refiftance is in proportion to the difficulty of fuling
them in the crucible. The following metals were proved
with the muchine defcribed in the T'teatift on Powder
{139) and found to decreafe in refiftance from the firft to

the latt. :
1. Forged iron well worked and welded with the
hammer. - '
2. Iron of the fecond fmelting,
3. Pure copper.
3. German brafs.
5. Gun-metal containing 3 of tin.
6. Affayed gold.
Z. Affayed filver.
T

[ . in.
- Ot tl?gfe metals the three firlt are leaft corroded by the
sdtioh of powder; but forged iron is the only one that can
be depended on for making fcrew bouches (122). Gm:i
met
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inetal cdntaining §in in the ratio of 16't0 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-tmetal was for a long time in
great credit.  But thefe refiftances are mer ly relative and
can oily apply to determined circumftances; for if the quality
or quantity ot the powder be altered, the wads fammed with
more force, or the piece much heated by frequent firing, the
metal will be the fooner corroded and the vent enlarged.

" 124. The firit method adopted fot repairing the ven's of

ns that had run, was the application of a bouch : afterward
in hopes «f tot.lly pr.venting or at leaft deferring this accident,
they put-into the mould a piece of topper or iron at the place
where the vent would te: this expedient was foon aban-
doned, on findmg that the liquid meal on coming in con-
ta& with a cold body, bubbled and formed cawities con-
tiguous to tlie vent : and one of the four following methods
was univetfally adopted.

The firft confiited in enlarging the vent ABCD (Pl 3,
Fig. 10) when damaged towards the middle FG and. filling
up the cavity with gun-metal; the metal when cold was
perforated to form a rew vent,

The fecond method differed from the firft, only in filling
the cavity with pure copper. '

In the third method, the vent ABCD (Pl 4, Fig. 11)
was enlarged as before, and an iron bouth P apphed with
the projecion Q Qs melted metal was then poured into
L M which when coid heid the bouch P very firmly ; after-
ward a new vent H K was drilled.

(Pl. 4, Fig 12) The fourth method was toenlarge the vent
very confiderably in form of a troncated cone AMKE, the
fides of which Q R D BLE 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 method the
vent may run a fecond time, if there be too much tin in the
meral By the fecond, the vent 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 third
tnethod is preferable vo the two former, fince the bouch
gives iore refitance, and is lefs liable to the above accidents.

' -

/
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In the fourth, it requires more labour to prepare the cavity 4
but a freth fcrew may te 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 poffible advantage from
fcrew bouches, and render their ufe more fimple, expeditious,
and general, the following precautions fhould be obferved.

1. To apply during the time of peace to all guns,

rticularly to battering cannon, a fcrew bouch of iron .
in one of 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 may be-always a
quantity in ftore.

2. Thehead of each bouch fhould be fo formed that
it may be eafily fcrewed and unfcrewed ; and of fuch a
length, that the bottom may exadtly correfpond with
the upper part of the cylinder.

.. 3. Not to diminith the metal at the breech too much,

the diameter of the bouch fhould be lefs than Bzg; and
to prevent the neceflity of frequently replacing it, its

diameter thould not be lefs than 2%
4

4. The vent fhould (119) correfpond with the bote
tom of the bore, which fhould be a plane figure. Ifthefe
operations be executed with exa&nefs and precifion by
fkilful workmen, the refiftance will be fully fufficient g
and there will be no danger of the flames paffing among
the fpirals to damage and corrode them. .
126. The refiltance of the fcrew bouch may be eafily af-
certained : (PL 4, Fig. 12) fince before it can yield to the
action of the powder, it muft be driven forcibly out of the
female fcrew 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 a 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
firft yield to thofe of the bouch ; and if the circumference of
a fpiral anfwering to the diameter BD be called =C and its
length D Q=m, ¢m will be the fe&tion of the fra&ur? éatihis -
: g
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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
=8. Then if halfthe diameter B D =7, and its circumference

=C, S:izf will be the fuperficies of the circle, againft
which the elaftic fluid a&@s in the dire&tion F G ;- then gg62 ‘
nx '%, will exprefs the force with which the powder alts

againft the bafe of the bouch. For example, if under cir-
cumftances the leaft favourable to the refiftance of the bouch,

r =~'—:—, n=1200 (33) and the metal of a Jefs tenacious qua-

lity be heated as much as it can be on fervice, mg=7358758
(35) the refiftance of the bouch. Now fuppofing m=1 ;
then 498177r= 4981 x 1,200 X § =1444300 for the altion
of the powder againft the bafe of the bouch : thus the refift-
ance oP 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 refifting powers will be
then fully eftablithed, if only part of the bouch Q R=7 of
D Q_be fpirated. -

~ 3127. When the bafe of the bouch correfponds with the
upper part of the bore, the a&tion of the powder againft it is
as the preflure : but when the bouch only reaches to LR,
and leaves the vacuum D L R B, then the elaftic 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 bouch
it the former fituation. The refle®ions in the 2™ chapter
on the orbicular cavities formed in the bores of guns caft of
foft meta!, 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 HK N H,
the -diameter HH being lefs than B D, to form a ledge
8 H H D, upon which may be placed a thin circular Pcl;tgl (x)f

yelie
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dudile metal, as pure copper; fo that when P L s ftrongly
ferewed down, the plate may fpread and fill up the fpace
between P L and H F fo exatly, that none of the elaftic
fluid may be able ‘o penetrate among the fpirals.  The for-
mula (126) will ferve to compare the refiftance with the
force of the powder, that acts againdt the baf: K N of the
boueh: 4981 nrc exprefles the force of the powder, cmg

the refiftance of the bouch ; put ~K—2-N in the place of r and

the circumference correfponding to the diameter K N in the
place of ¢. If, the circumference =¢ correfpond to the dia~
meter B D of the fpirals, then in the fecond formula put 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 K N2, BDXLP x Q, ,

129. The refiftance of bouches made on this .principle
have ‘been found more than fufficient in practice. The
experiments made in 1771 prove the goodnefs of the bouches;
(Fig. 9 and 13) their refiftance is amply fufficient, and
when damaged they may be eafily taken out and replaced
(127). The bouch (120) was neither moved or corroded
in the 800 rounds fired from the Sarcophagus; and the fame
was the refult of the experiment (34) with a bouch (Fig. 13)s
When. the bouches were taken out, neither the male nor
female fcrews were in the leaft altered, nor had the elaftic
fluid or the water which remained in the gun for g hours
paffed the ledge B D. In the gun called the Paphos, which
in 1771 was fired in the fame manner as the Jnvincibie (34).
with a bouch (Fig. 13), the fame effects were obferved.
The operation of taking out and rep'acing the bouches takes
up but a few minutes ; it may be performed upon the battee
ries without difmounting the guns. '

CHAR
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CHAP IX

. OF THE ExAMINATION AND ProoF oF New Gunys,

130. IT was obferved in the 72 chapter, that fuccefs
in cafting guns does not eatirely depend on the fkill angd
ability of the founders, fince it is greatly fubjec to cafualtics..
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 gum
before it is ufed fhould be fcrupuloufly examined and fyb-
Jjected to various proofs, in order to be certain that the founder
has adhered to the inftruftions he received.—The obje& of
thefe examinations and proofs is to afcertain:

1. Whether the guns are confiructed on the propore.
tions given to the founder.

2. Whether before the metal was run into the
moulds, the neceflary precautions had been taken to
avoid all feparations between the metallic particles ca=
pable of producing an unequal refiftance. :

3. Whether the tenacity of the metal is proportional
to the thicknefles of the piece; and its hardnefs fufficient
to preventorbicular cavities from being formed on firing
very large charges.

131. To know whether a gun be properly confiru&ed,
two inftruments are ufed : the firft ferves to fhew whether
the piece has been truly bored, and the thickneffes of metal
properly diftributed ; by means of the fecond, the exa&
figure of the bore is traced upon the firft, whereby the leaft
flaw or deviation from the cylindrical figure is difcovered
and afcertained. A mirror is afterwards ufed to difcover by
‘the refle@ion of the folar rays, what cavities, inequalities or
other defets there may be; and with the little iron inftru-
ment called the fearcher, their depths and diameters are mea-

132. To know whether there be in any part fuch a fepa-
ration of the metallic particles, as to penetrate from the
exterior furface to the interior cylinder, -the gun is filled with
water and placed with the breech downwards to incnczge its
oo arce
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force -and make it more eafily pafs between any interflices of
the metal ; it is further prefled with a high fpunge; and in
this fituation the gun is left for three ar four hours. This
proof fhould never be made when the water can freeze.

133. If during thefe examinations (131, 132) any defe&s
fufficient to make the fhot firike againft the fides of the gun,
or any holes in the charging cylinder or bore be difcovered ;
if the axis be not exadly in the center, the trunnions pro-
perly placed or any opening or cavities through which water
oozes; in a word, if the piece have any defeéts that can ren-
der it unferviceable or dangerous, or that can tend to pre-
vent the fhot from being thrown in a true dire&tion, and no
fafe remedy can be applied ; the gun fhould be without he(-
sation rejected.

134. When no fuch defe&ts are difcovered, the 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 tew rounds fhould be fired in fuch a2
manner, that any defets 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 neceffary 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 tha piece; thefe modifications have been enlarged on in
the Treatife on Powder, and may fummarily be reduced to
the following

1. "l&he preflure of the elaftic fluid in the charging
cylinder does not depend on the quantity of powder,
provided that it be equally well colleéted ; but on the
refiftance oppofed to its explafion 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. v

2. On comparing two equal charges of powder of
different qualities to which an equal refiftance of fhot
and wads is oppofed, the preffures, excepting the firft
by which the fhot is put in niotion, are greater in pro-
portiori as the powder is ftronger: the difference be-
tween the correfponding ordinates proceeds from the
greater quantity of fluid produced in_equal 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 firongeft powder, though the preflure by
which the thot is firlt put in motion be equal in both
charges.

3. The refifftance to the explofion of the powder
toward the mouth of the piece, is compounded of the
weight and friction of the thot and wads ; the refiftance
from friction ceales as foon as the thot and wads are in
motion ; but the refiftance from the weight of the thot
exifts during the whole length of the piece, and is
greater as the elevation at which the gun is laid is
higher ; this. refiftance may be calculated in the ratio of
the right fines of the angles of elevation.

4. The fluid generated at the bottam of the bore on
ftriking the fthot 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
inftantaneoufly 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-
fiftance of the fhot and wads, and proportioned to the
largeft fervice charge, in the ratio of the metal when
cold, to the metal heated fo as to firs powder (35).

4. If a fhot made of a foft metal as lead, tin, &c.

.. by any irregular movement proceeding from the ftrength
of the charge ftrike againft the fides of the gun, it fhould
be unable to make the leaft impreflion,

137. The defeés of a gun loaded in this manner will be
as fully difcovered in a few 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 fubjeGted 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 rejeited.
< 7 L ' 138. There
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138. There may be fome defets fo flight as not to inerit
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 pofition of the vent, or a failure in other
points previoufly concerted with the contraétor.  As, on the
one hand, nothing fhould induce officers to receive guns
that cannot be depended on ; fo, on the other, they fhould
not be over fcrupulous in their examination, let the foun-
ders under pretence of the minute firitnefs of the fcrutiny
enhance their price.

139. Iron guns fhould be fubjeGted to the fame proof and
examination : but as the hardnefs of the metal is afcertained,
there will be no reafon to apprehend any orbicular cavities
being formed in the charging cylinder, or any impreffions
made by the fhot in the bore. If properly caft of metal of 2
good 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
defet in the interior of the metal.

SECOND PART.

Or ProjECTILES.

141, TH E RE 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 éaliffa and catapulta, for throwing large fones and
arrows to great diftances ; and of flings and bews for throw-
ing them to fhorter diftances. T

‘ he
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The invention of ‘thc powder gave rife to the cafting of
guns and mortars; which project iron fhot and fhells of
different fizes to very great diitances, for the deftry&ion of
men, and the demolition of fortificatioi.s and buildings.
The non-commiflioned officers and foldiers of artillery per-
form the operations requifite for producing thefe effects.
The theoretical part ot the profeflion contifts in certain
principles and rules, with which the officers ought to be
fully acquainted : as from mere pra¢tical knowledge they can
pever hope to be diftinguithed ; nor can their country reap
from “their exertions the advantages expected from a corps,
purpofely fet apart in all armies for this partjcular férvice.

Our anceflors feeling the neceffity of regulating their
pra&ice by fixed principles, were foon convinced, that, to
expertne(s and adroitnefs jn the mechanical parts, it beho-
ved them to join aguﬁ theory ; that from a knowledge of
caufes they might be enabled to account for effe@s, and
condué their experiments withoyt 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-
filted by fcience, he never can enfure facility and ceconomy
in execution, which is the moit certain and- ready method
of obtaining victory, the fole object of military operations.

142. To this end, each fhot fhould firike the objelt in the
manner that will produce the beft effect that circumflances
admit of ; or in other words, the projeitile fbould produce
the greateft effect poffitle in any particular cafe. T he offi-
cer then, who commands a battery, fhould examine the
calibre, fha; e and dimenfions of the artillery ; the qualities
and proportions of the powder : the caufes that may modify
in any confiderable degree the initial velocity of the pro-
jeQlile ; the refiftance of the air to its movement ; it’s nature
and form : the quality and fize of thc 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
grt;;.md. Each of thefe circumftances merit a particplar dif-
cuflion.

L2 CHAP.
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CHAP L

Or THe IniTiaL VevLocity oF ProjecTiLEs.

143 TH E initial velocity of {hot 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 thc bore ;
-t is neceflary to treat all thefe circumflances more in detail :
_the po..der will be fuppcfed to be the fine war-powder ina
good ftate of prefervation. ‘

1. The largeft fervice charges for heavy guns, are
equal to } of the weight of the thot in 32 and 16 prs.
and to } in 8 and 4 prs. Thefe charges are only ufed
on particular occafions ; the wads are well rammed, that
the powder being clofely colle€ted at the bottom of the
bore, may all take fire in the piece; and that the in-
flammation of each grain being as in(tantaneous as
poflible, the fhot may rave the greareft 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

demolifhing works, difmounting the encmies artillery,
or enfilading troops; ‘two gunners give five firokes
of the rammer to the wad over the powder, and three
to that over the fhot.

3. The fmaller charges are equal to 2 ; and the leaft
to ; of the medium charge. Thefe are only ufed in
particular cafes, which will be hereafter pointed out;
and are always fuppofed to be wadded in the fame man-
ner as the medium charges, in order to compare the
initial 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 fuppofed to be of the diameter and weight, and
the guns of the calibre prefcribed by the king’s order,
and caft agreeably to the proportions laid down in the
firlt pars of this work, Shot made, as direed in the

‘ firt
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firt book of artillery, have been found adequate to every

purpofe; nor can their furface be more polithed, or

their fizures more perfect, without incurring an exor-
birant and unneceflary expence.

144. [he initial velocities of fhot are determined from
experiments made with fkill and difcernment, and conduted
with care and circumfpection : before we proceed to the me-
thod of determining them, it will be neceffary to mention
thie principles adiered to in carrying on the experiments.

1. The piece was always loaded in the fame manner, -
and placed exactly in the fame pofition, let the refult
might be erroneous. : ’

2. Since effefts 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. In fpite of the utmoit precaution, there will be
fometimes a flight difference, proceeding from the man-
ner of placing or wadding the powder, &c. )

If the variations be not very great, a few more rounds
may be fired; but the mean refult only of thofe taken
that approach neareft to each other : this may then be
confidered as the abfolute vefult. 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, fhould 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 frefh experiments in a more exa&
manner.

145. There are three 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 proje&ile on quitting
the piece. : .

3. By deducing it from the thicknefs of metal of the
fire-arm, when it is in equilibrio with the preffures of
the claftic fluid, in every point of its length, The
: . L3 third

~
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third method is applicable to fufils and pieces of very
fmall” calibre ; but not to guns of large calibre, fired
with the common charges of powder: becaufe in the
latter, the initial velocitics are compounded of the im-
pulfion and preflure, as has been explained in the firfd
part.
. 146. The initial velccities are found very nearly by the
firlk method (145, No. 1.) if the butt be perfe&tly homo-
geneous and confilent. To determine its confiftence, fire
a piece of fmall calibre, with an iron fhot g inch in diameter
= ID: and meaiure 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 bute
will be 15 inches=S; and fubftituting thefe data in the
farmula f5=D U *; we fhall have fx $=+5x1200%;
then f=g6000 for the confiftence of the butt: let it be
written 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 fome 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-

/96 ‘12
mula, 96000 x 8 =+% U?; hence U= M:

1§17 feet, the initial velocity fought. In thefe experiments,
the penetrations fhould be at fuch a diftance from each other,
that the loofening of the earth by the firlt fhot, may not
facilitate tae entrance of the others ; the leaft difference will
be then perceptible, fince the penetrations of the fame (hot
are as the fquares of the initial velocities. ,

147. To .letermine the initial velocities, by analyfing the
curve (145, No. 2); let us take the firft part of the curve,
where the effect of gravity has not been fenfibly altered
by the fcfiltance of the air. It is a matter of indifference,
whether the fpace that the thot pafs through by the gravi-
tating or impelling po ver, be firlt confidered ; fince the latter
may b: deduced with equal facility from the former, as the
former from the larter. l.et us in the firfl place examine
the fpace paffed tirough by the power of gravity.

(F!. 54 Fig. 14.) Let the gun A B, mounted on its car-
riage, be pi. ced on an even and folid platform, and laid in a

harizontal direction A C ; fo that the thot at the fisft graze
: may
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may touch the earth in the point G of the horizontal line
D g : the vertical diftance K G between the two planes,
exprefles the fpace=S paflfed through by the gravitating
power, and the horizontal line D G=AK exprefles the
* length of the range, or the fpace =g paffed through in the
fame time by the impelling power. If the known value

K G be fubllituted in the formula $=32- 182 it it give

2KG

with great precifion the time £= r in which the

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=g¢ (144, No. 3); and confider-
ing this fpace as uniformly pafled through, eftablith the
folloying proportion ; the time=1, is to the fpace paffed

through=g¢ ,as one fecond, is to the fpace= %; which the

fhot would move through in one fecond, if there were no re-
fiftance from the air; this fpace is termed the initial velo~

city., For ex‘;amplc, K G=4 feet, then =¥/ 322x ‘:‘8=.;

q —

\/{K‘G

32. 18

fecond ; and fuppofe AK =700 feet, then Z—:

792 = 1400 feet, the initial velocity fought. The initial ve-
locity thus found, is not abfolutely juft, fince the fhot, 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 fhortened, 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 L MN,
Jay the gun in a horizontal direétion, or nearly fo, and at M
where the line of direGion cuts the butt, draw tranfverfely a

Ly horizontal
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horizontal line. Fire fome fhot into the butt as nearly 2
poffible in the fame direétion, fo that after each round the
vertical diitance M H between the horizontal line marked
én the butt, and the hole H made below it by the fhot,
- may be exaltly meafured: take the mean M H=S (144,

No. 3) and (ubflitute it in the formula t=,/ :MH ; then
3 32.18

by meafuring the ditance DL=AM=y, it will give the
fpace pafled through in the fame time by the movement of
impulfion ; and confidering this fpace, as uniformly paffed

q

through, _/ 2:4 8i will be the initial velocity fought
3 o1 N

{147). For example, let A M =200 feet,, M H=6 inches,

: 9

1 MH -

then t=4/ 222 — 1 of a fecond, and /;M H_
32.18 . 32.18

?_?c.’:_—rzoo the velocity fought. The nearer the piece is
€ :

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 conftarit ftate of the atmofphere;
but as its frequent changes affet the explofion of the pow-
der, the following rules fhould be obferved : )

1. To inake the experiments under a mean flate of
the atmolphere both with refpe to heat and moifture ;
as th: 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 fhould be fired from time to time from a
gun of fmaller calibre of a known initial velocity, as a
wall-picce, placed very clofe to a butt perfectly homo-
genous, to alcertain whether the penetrations be regular.

3. It the refults be conftant, it will be a proof that
ihe procefs has been juft in every particular, and that

o 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-
Tefted : but if thz 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 reétify any error in the apparatus, or in the
mode of condutin the experiments.

4. If any interval of time be fuffered to elapfe 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 t?_\e afternoon
the initial velocity of a 16 pr. be 1424 feet, while that
of the wall-piece be only 1600; a few rourds 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

willbe formed, 1315:1383:: 1424:-1-3§3;-<l»;f'5 =1498
_ which would be the initial velocity of the 16 pr. if the
atmofphere were in the fame ftate as in the morning.
By this mode of operation, experiments made at any
interval of time, at different feafons, and under different
ftates of the atmofphere, may be compared together
with fufficient accuracy: '

150. If under a mean flate of the atmofphere, with re-
fpect to heat, denfity, and moifture, thefe experiments be
made with guns of medium length loaded as before (143)3
it will be found, £n firing them in a horizontal dire&ion :

1. That with the largeft charges the initial veloci- |
ties are nearly as follows ; :

Nature of Guns Initial Velocities.
Prs. Feer.
. 32 — 1 g 1 %
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 ;

Natyre of Guns. ‘ Initial Velocities.
Prs. , Feet.
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 22lbs, of
powder, with an initial velocity of about 1269 feet.

4- With the leaft charges (143, No. 3) the ini-
tial velocities will be about % lefs than thofe with the
medium charge ; for inftance, a fhot from an 8 pr.
charged with 1lb. 10 oz. of powder, will be impelled
with an initial velocity of 1061 feet; and a fhot from
a 16 pr. with 2}1bs. of powder, with an initial velocity
af 1028 feet. It fhould be recolleited, 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 effeCts would be fcarcely
perceptible.  The fureft mode of keeping all circum-
Qances as nearly equal as poffible, is always to ram the
wads well.

155 In experiments with three 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 g, Fig. 15,) E BF reprefents the bore of a

of any calibre; the medium charge of powder D and
the wad § are fo placed, that the fhot A is diftant from B

‘ three diameters of the bore FE: make F C=3%£ and

from the point C as centre, with the radius C A, defcribe
the arch AK PR, reprefenting the fcale of initial velocities,
by lines drawn perpendicularly from A F to the arch. To
determine the initial velocity of a fhot fired, for inftance,

from a long gun B L (66), loaded in the fame manner (rrgo,
o
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No. 2); 4 normal line L Q drawn perpendicularly from the
point L in the line A C, will correfpond to the relative ini-
tial velocity. To have the abfolute initial velociry, make the
follov.ing proportions : the relative velocity F P of a gun of
the length BF is to its ablolute velocity, as the relative ,
velocity L Q_of the gun B L is to its abfolute velocity ; by
the fame method the initial veloci y of a fhot impelled from

a gun of any length as BG may be found. The fcale
A‘} R \;puld ferve for longer guns, but it fhould not be
ufed (65).

1 5(2. sExPeriments made with a view to determine how
much the initial velocities of fhot are affected by the differ-
ence in the léngths of the guns, fired with different charges ,
of powder, will be found o vary very little, from thofe com-
pured on the preceding principles.

153- From the theory of the inflammation of the pow-
der in guns of cylindric bores, when all the grains are fired
in the piece, the following modifications ought to occur

1. In diminithing the charges in guns of the fame
calibre but of different lengths, the initial velocities of
thot from the fhort pieces fhould correfpond more nearly
thofe from the longer ones, as the charges of the latter
are 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 greateft velocity of a fhot proje&ted from a
fhort gun, is with the largeft charge that is all fired in
the gun: it is only in very fhort guns that this does
not hold good. (Treatife on Powder). '

154. In computing thefe initial velocities, the guns have
been tuppofed to be fired horizontally, or nearly fo: but the
velocities increafe as the guns are elevated, which proves
that the entire inflammavion of the powder is accelerated by
the greater refiftance oppofed to the explofion ( Treatife on’
Powder). If a 32 pr. be fired with the medium charge’
(15c, No. 2) at 20° elevation, the initial velocity will
exceed 1350 feet, and increafe very much, if fired at 36°.

In the following chapter will be fhewn the method of
determining the initial velocities of fhot fired from guns at
high elevations.

‘CHAP,

Ve
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CHAP. 1. -

Or tHe Curve DEscriBeDp By CANNON Swmor. -

155, TH E charges of powder for common fervice
have been already .mentioned (150, No. 1 and 2,; the
objedts againft which they are direted fhould not be verv
bigh; and to fire with effect, be lefs than 1000 yards diftant :
even then the air’s refiftance to the thot is very great, tho.gh
its effe@ts on the gravitating principle be alnoft infenfible.
When the line of defcent is lefs 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 fecond kind ; fo denominated todittinguith it from
the curve of the fourth kind, where the movements cf im.pul-
fion and gravitation are both greatly affeted by the refiftance of
theair. In the Treatife on Powder, it was demonitraied that
the air’s refiftance coufiderably retarded the movement of
leaden bullets ; and i the laft chapter on hydroftatics, the
air’s refitance to milit.ry projectiles is exprefiedin pounds.
In this chapter we propofe- to determine the law by which
the air retards the movement communicated by the impel-
ling power, in anothcr manner, viz. dircctly by its forces.

156. 1o folve this problemn, we w.ult find experimentally
the fcale of fpaces paffed throvgh during the time of an impul-

ve movementy retarded by the medium that the fhot Slies in:
the ini ial velocities may be found by the method exprefled
in the laft chapter. Hitherto we have only confidered
the effeéts of the alterations in the ftate of the atmcfphere,
on the inflammation and explofion of the powder, and con-
fequently on the initial velocities of fhot ; we will now ex-
amine how far they can vary the ait’s refiftance to the fhot, .
and render the former conclufions erroneous.

The barometer will in fome degree point out any changes
that may take place, and for greater accuracy, two fmall.

s may be fired againft 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 eclevated fiot f(hould be
chofen for thefe experiments, where, the gun laid horizontally,
may be directed to the right or left, that the firft graze;

. . 5 0
. T4
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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
feet below the gun’s axis; then the time of the fhot’s
flight through the feveral fpaces will be 2, 1, 11, 2, 2}, and 3
{econds; 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 plane
of the gun, in order to obtain the mean of the horizontal
ranges (144, No. 3) which may be called dg (Pl. g, . Fig.
27): turn the gun to the place 16 feet below its planc;
fire fome rounds, and call the mean rp; let nbbe the
mean to the place 36 feet, and Ky to the place 64 feet
below. the gun. On the dire&rix 2 Ié fet off the times ¢ =

S -
\//3:'_—] 3=4 d, ar,’an, aK, correfponding to the lines of
defcent 4, 16, 36, and 64 feet ; and ereét from the points &,
r, n, K, perpendiculars to the line a K, refpeQively equal
to.the means of the ranges already found; thelineagpby
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. If 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
bottom 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 the horizontal dire@tions 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 fhould be lefs than 260 teet, that the refitance 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 obtain the mean of the
ranges (144, No. 3 ); then fuppofing that from the point
‘A the mean of ranges is=D G, from the point L=KP,
from the point H=N Z ; mark upon the dire&rix a K (Pl

, Fig. 17.) the times correfponding to the vertical line
(53 K,PF,ZX; eret from the points d,r,n, the. norm
lines 4 g, p, n b equal to the means of ranges already fbﬁn(ﬁ
< an
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and drawing a line through the points a g p 4 y, it will be.the
fcale of fpaces in the times of the retarded movemen:s of
impultion.

158. Having conftructed this fcale (156, rs7), the refult
" of the experiments fhould be examined to fee that there be no
error, and as it is the fcale of a retarded movement, it thould
have the properties exprefied in the treatife on moving bodies :
in the firt place, the line ag p 4y thould be a curve concave
towards the dire@rix, and tne differences p m, & o0, L y be-
tween the ordinates, fhould decreafe in a regular progreflion
from ato y ; wherefore, if the fcale be a_right line, or 2
curve convex toward the direétrix, it is a proof that fome
errors have been committed in making the experiments, or
in taking the tefults. But if they ditter a little in one o
two points only, it is immaterial, fince {mall errors are ine-
vitable . when this occurs, the diffeiences thould be judici-
oufly corrected. To this end, deduct the fecond differences
from the firtt : and if the refults be fill erroneous, take the
third differences ; in the latter, the leaft irregularity in
carrying on the experiments will confiderably diiturb the
order of progreffion. To fct this matter in a clear point of
view, fuppofe the following to have been the refult of the
experiments.

Spaces pafied through by the Shot from the impulfive motion
v in correfponding times.

' Differences.
&ecomds of Time: Feet. Firp. |Second. |Third.
1 — 1302 —_— —_ | - |-
2 - 2394 - 1092 | — | —
3 - 3310 _— 916 | 176 | —
4 — 4082 - 772 | 144 | 32
5 -— 4730 _— 648 | 124 | 20
6 — 58 — 5541 941 30

If no error be perceptible in the firlt ; but in the fecond,
the progreflion dces not decreafe regularly, and in the third
the difference after decreafing from the firlt term 32 ta the
fecond 20, increafes from the fecond term 20 to the third
term 30, to correct thefe errors, let the refults be modified as
below ; then will all the differences decreafe in a regular
progreflion and be fufficiently accurate.

. Refults



OF PROJECTILES. 173

Refults modified. Differences.
Seconds of Time. Feer, Firpt. | Second.|Third.
1 — 1302 - — | - |-
2 = 2394 — 1092 | = | =
3 —_— 3310 — 916 | 176 | —
4 — 4082 — 772 | 144 | 32
(1 — 4736 —_— 654 | 118 | 26
6 - 5292 — 556 | 981 20

159. When the fcale thus modified has the properties
expreifed in the preceding paragraph, we fhould proceed o
examine whether the refults are juft and conclufive,
| Fi1G. 17. For this purpofe, if agpby be an equa«

tion of this fcale, and 7 fhe the equation of the fcale of
velocities in correfponding times ( Treatife on Moving
Bodies), which fhould be a curve-line convex toward
the direfirix, whofe greateft ordinate 2/ drawn from a
the beginning of the times muft be equal to the initial
velocity of the fhot, the other ordinates will decreafe in
proportion as the times increafe, and the fcale i £ ¢ will
approach the direétrix, and touch it when the fhot has
entirely loft its impulfive motion. For example, fup-
pofe the equation of the curve agpby to be g*+ 7 g
mt; where ¢ exprefles the fpace pafled through by the
fhot from the impulfive motion, ¢ the time; m and
n are two conftant quantities which exprefs the initial
velocity : if from this equation be deduced the equation
m

of the velocities in the times, U=2—, =— will
V' n .
— 4+ m¢
4

have all the properties that belong to the retarded
motion ; whence it may be inferred that the experi-
ments have been properly conducted.
. Fig. 17. If on the contrary, the equation for the fcale
agpbybeprr=4* where p is a conflant quantity, and

the fcale of the velocities in the times be deduced; U ="""’23quv

where t=0; the velocity is then equal to ¢, which is a ma-
nifeft abfurdity, fince it muft be equal to the initial velocity
of the fhot. Again, if p #—1*=4g" be the equation for agp

- 6 ).

s
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&y where p is a conftant quantity ; and the equation for the

fcale of velocities in the times be deduced, Uz%,
2 t—t

which is an abfurdity ; fince when #=o, 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; i this {cale be a convex curve, and its greateft
ordinate at @ with a progreflive feries analogous to the fcale
of velocities, it will be a certain proof that the refult is juft
but fhould the fcale of refiftances not hﬁc the requifite pro-

petties,. the refults muft be faulty. Frond the equation of the

4

feale of velocities U = may be deduced the

2

2v -;+mt,

m‘

le of preflures =p; then p=-
feale P 23 ? n*+4mtxy in*4me
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 a&tual denfity of the at-
mofphere, but on the condenfation of the air before the
projectile, whenever its velocity exceeds 1300 feet; for a
vacuum is then formed behind the fhot, which becomes fo
much the greater as the velocity exceeds 1300 feet.

After repeated experiments and cbfervations on this fub-
J&, it appears that when auns are fired with charges that
give an initial velocity oi” abaut 1300 feet, the formula ¢=

;;%; will exprefs the retarded motion of impulfion with fuf-

ficient exa@nefs for praice, whenever the extent of the
movement is lefs than 1350 yards : but if the initial veloci-
ties be much greater or lefs than 1300 feet, this formula will
not ferve. - The Jetter g cxprefles the line of projeQiony
which in fhot impelled horizontally always correfponds to the
kength of the range 3 ¢ the initial velocity of the fhot, ¢ the
© time that it takes to pafs through the fpace =g¢; and r a
number proportioned to the diameters of the feveral fhot;
this number is combined with ghe a&ual denfity of the at-

‘ : : ' 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 fhot of other diameters may be found by ana-
logy ; hence in a 16lb. thot, r=g.5; in an 8ib. thot, r=
7-6; and in a 4lb. fhot, r=6. 1If from the denfity of the
air, in a 32lb. fhot r=14; then in a16lb. thot r=11.1 ;
in an 8lb. fhot, r =8.8 ; and ina 4lb. {hot r=1q.

For example, fuppofe from the denfity of the atmofphere
r=12ina 32lb. thot, of whick the initial velocity is 1349
feet =c; and the value of ¢, the fpace paffed through with
this fame velocity in different times, be required : by fubfti-
tuting thefe data in the formula; in two feconds of time,
_1349X12X2

1 1242

=2312 feet; and in three feconds, =

’3_4?2"_3.13:3237 feet. I the initial velocity be 1517
fect, in three feconds the line of projection is 3640 feet.
In a 16lb. fhot with an initial velocity of 1416 fect, the

1416X9.5X 2

line of projection in two fecondsis g= ez

=2402
feet; and in 4 feconds is 3985 feet.
In an 8lb. thot with an initial velocity of 1696 feet, the

line of proje@ion in 3 feconds iszlégé_{(fM::;@s
7-6+3
feet. :
In a 4lb. fhot, with an initial velocity of 1550 feet, the
line of projetion in 4 feconds is 3720 feet.
Suppofing the atmofphere to become lefs denfe, fo that in
a 32lb. fhot r=14; then if the initial velocity be 1433 feet,
the line of proje&tion in 4 felc&nds is 4458 feets

In
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In a 16lb. thot, with an initial velocity of 1534 feet, the
line of projection i 2 feconds is 2599 fect.

In an 8lb. fhot, with the initis! velocity ©f r4en fout, the
line of projechion in 1 fecond is 1302 t-<i.

In a 4lb. fhot, with the initial veio iy o7 v 20 oo, the
line of projection in 3 feconds is 3612 icet,

162. If from the equation q:i—::-t; be deduced the fusie
of velocities V in the times, (159) V=£—_r-:, which will
r+1e* .

give the remaining velocities, after the fhot has paffed through
the fpace ¢ in the time ¢. For example, fuppofe from the
denfity of the 2ir r=14 in a 32lb. fhot; then if the initial
velocity be 1349 feet, the remaining velocity after 4 feconds

2
will be V=2349%2% —g16 feer. A 161b. fhot, with the
1444
velocity of 1416 feet, will have a remaining velocity after 3
feconds of 877 feet.

* The remaining velocity of an 8lb. fhot, with the initial
velocity of 1686 teet, will after 4 feconds be 796 feet. The
remaining velocity of a 4lb. fhot, with the initial velocity of
1467 feet, will after 2 feconds be 887 feet.

Again, from the flate of the atmofphere r =12 ; then the
remaining velocity of a 32lb. fhot, with the initial velocity of
1517 feet, will after 2 feconds be 1114 feet: a 16ib. thot,
with the initial velocity of 1484 feet, will after 4 feconds be

34 feet : an 8lb. fhot, with the initial velocity of 1686 feet,
will after 3 feconds be 866 feet; and a 4lb. fhot, with the
initial velocity of 1€00 feet, will after 2 feconds be goo feet.

163. The problems of the curve of the fecond kind (155)

32.18¢*

2 .

(PL 5. Fig. 16.) Given the initial vclocity=c of a 32lb.
fhot fired from A with the horizontal direction A K, to deter-
mine by experiment 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&tion AK=D G =g, and the line of defcent K G

are known ; by fubflituting this laft value in the formula

S— 32.18¢#*

T2

, it will give %ﬁ-m, and by fubflituting

may be refolved by the formulas q=’¢:: s $S=

the
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the known values of ¢; ¢, # in the formula q::—:_—:a the

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—g  1517x2— 265§
=14. Having thus found the value of r for the 32lb. fhot,
it may be found for the 16, 8, and 4lbs. from the propor-
tion of the diameters of the fhot (161).

164. The value of ~ being given, to find by experiment
the initial velocity of a fhot fired in any dire@ion. Suppofé
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 projeQion and the line of defcent being known, by fub-
32.18¢*

2

then #=2; and confequently r=

flituting this laft value in the formula S= 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 refiting medjum as’ in the

preceding paragraph, r=8.8: and fuppofing A K==3478

feet, and K G =144 feet, then =3 ; and confequently =
Xr+t x 8.

gxr+t_3478x8 8+3=,554.
re 8.8x3

Suppolfe, in the fecond place, (PI. 6, Fig. 18) that the gun
be fired in a dire®ion A M, forming with the horizon the
angle M AR, whofe value is known ; and, that the fhot
firike the ground in H : by meafuring the horizontal diftance
AR, the line of proje&tion A M aund the line of defcent
MH will be found. If M H 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 direction.
Let MH=100 fe, then t=2;: let A M=2920, and the
fhot be a 4 pr. fired in the fame refiiting medium as above,
r=7; confequently c=1585.

165. To determine the angle of elevation (Pl. 6, Fig. 19)
DAY under which a fhot with a charge that gives a
known imtial velocity=c will from the point A ftrike the
obje& 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
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angle BAF and the nde AB in the » = = "-J triangle

BF A are known, the fides Ay, P - 2 found

cal AF=m, BF=n. Since thc 1. R
.18¢# . - - cre

S=32; , and the line of projefion s L= := e

2
D»F=§ﬁi..8_’_i'.,,, according as the point B is above or be-

low F. As in the re@angled triangle AFD, AD*=AF"
+DTF*, by fubfltituting the analytical values we fhall have
. . crte ., 1035+
-the following equatxon,mzzm $12350 —32.18nt*
+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 n=0, and may be ftruck out of the
equation : 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 fought.
166. (Pl 6. Fiz. 20.) From the point B to hit the obje&
L fituated in the fame plane as the gun : the value of ¢ may
be found in the following manner with fufficient accuracy
for practice ; fince even when the amplitude of a 32lb. fhot
is 1348 yards, the difference in the elevation HB L will
not be £ fecond. . -

The diftance B L between the gun and the object, may
be confidered as the line of projetion ¢= :T:.—:’ and fubfli-

tuting in this formula, the data g, ¢, r, the value of ¢ may
be found; which being again fubftituted in the formula S=

32197 ;8 d gives the value of S for the line of defcent LG :

draw the line B G; then, in the re&tangled triangle B L G,
the angle G BL will be known : make the angle L BH
equal to.theangle G BL; B H will then be the dire&tion
in which the gun fthould bz fired to ftrike the point L.  For
example, if B L be g60 yards, and a 32 pr. be fired with
the medium charge of powder, c=135¢c feet (150); and
from the refiftance of the air r=12: by fubftituting thcfe

1350X 12.¢

numbers in the firft formula, 1680= , and con-
12+¢

fequently
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fequently 7=1.4 again fubflituting this value in the fecond
formula S= 33%3&-:31 feet—L G, and finding trigo-
nometrically £ G BL=1° 7, the £ L B H that was fought
is alfo 1°. 3"

167. From the preceding theory, (PL. 6, Fig. 20) it will be
eafy to determine the value of r and the ininal velocity =c,
when thefe two quantities are unknown, by firing only two
rounds. Fire agun inany direction B D, provided that the
line of defcent be lefs than 260 feet ; and, fuppofing the thot to
firike the groundn K, find geometrically the iine of pro-
jecuon BD =g, and the line of defcent D E=35; and, by

the formula S:jﬂ;—:iﬁnd the time : then fubftitute thefe

values in the equation BD =¢= i——:_:‘ If the gun be again

fired with the fame elevation, and exadly 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 geometrically the line of projection B K =g,
and the line of defcent K G, find the value of ¢, and fub-

e i el s . crt
flituting it in the equation BK=¢= vl thefe two equa-

tions will give the values of ¢ and r.

Suppofe, in the firft initance, that B D=1820 feet, and
DE=36 feet; and, in the fecond, B K=3.37 feet, and
K G=144 fect: then fubflituting' thefe numbers in the firft

t r x 3 . -
T 3 gnd again in the fecond, 3237=

A‘.
2

formula, 1820=

crXx

3 ; from thefe two equations, c=1348 feet, and r=12.

In firing againft the height, R H (Pl 6, Fig, 18) having
fired one round from A, in the diretion A M; the gun
thould be advanced to L, or retired to P ; and, from one of
thefe two flaticns, a fecond round fired with the fame eleva-
tion ;) fince whenever it is gltered, the initial velocities differ

154). ‘ L
( 168. The elevation AD, (Pl. 6, Fig. 21) and the
initial velocity =¢ being given, and the value of r and of
ghe line of defcent B D being known, to find the direction

-M 3 ‘ and

7
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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 u, which fet off from B to H: from the point

3

H draw HK parallel to D A, and by the formula V= r‘+'__‘.,
(162) find the remaining velocity =V arifing from the
mavement of impulfion after the time ¢ ; then by fetting off
its value from H to K; and drawing the right line BK, it
will give the direction, and the quantity of compound velo-
city which the fhot has at the point B. Let BD=144
fect, then =3, and x—=32.18x3=9g6=BH; and fup-
’ feet and hen HE =V =3221Y
= t =133t =V
pofe ¢ = 1350 feet and r—13 ; then 373

=891 feet; and fince the £ BHK is equal to the 2
BDA which is known, the direQion will be found, and alfo
the quantity of compound velocity B K.

32.18 2

169. A combination of the formulas S= WE]

crt
r+¢

(163 ) will give the equation S =-33;'-5-8 x
i ining to th f the fecond
c’r’wzcrm appertaining to the curve o ¢ fecon

kind (155), by means of which all the preceding problems

may be folved.  For example, if the initial velocity be
known, and the value of r of a fhot 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 frikes in B, by finding geometrically the values of the*
line of proje&ion A Dx=g¢, and the line of defcent BD=S,
and fubftituting them in the equation of the curve, it will
give the valuc of r.  Again, to find the initial velocity, and
the value of r; it will be necsffary to make two experi-
ments with the fame charge, and at the fame elevation (167) ;
in each of them the values of the lines of diretion and de-
fcent muft be found and fubftituted in the formula S=x

2
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z .2

32.18 o

2

cr—gq
deduced. :

The application that will be made in the following chapters
of the doctrine here laid down on the unequal movement of
impulfion (161) will enable us with:a moderate thare of
dilcernment, to derive the greateft advantages (141) from
the ufe of artillery.

170. To determine the curve of the fourth kind ; when
the reilance of the air to the two unequal movements that
congtitute it is great, and the ranges are lonz ; it is neceffary
to mzke a courfe of experiments, which from the continual
variation in the ftate of the atmofphere, and other circum-
ftances, are very tedious, and require much accuracy and
intelligence in thofe that carry them on. As I had not an
opportunity of making all the experiments I deemed fatif~
factory on this head, I have here only laid down the funda-
mental principles, that others may be enabled the more
eafily to profecute the enquiry. Among the different methods
that may be taken to determine the laws of this curve (156),
the following appears the beft.

Chufe an clevated fituation, where the gun may be turned
to any fide; fo that the thot may feverally firike points, one
below the other, in fuch a proportion that the lines of defcent
may be 848, 1696, 3046, 5088 feet. From this fpor fire
feveral rounds in a horizontal dire&tion towards the fame
obje&t, with a charge that gives a known initial velocity, in
order to obtain a medium of horizontal ranges and of lines
of defcent. Perfons fhould be ftationed at different parts
with fecond watches, to reckon exaétly the time that the fhot
takes from the inftant they fee the fmoke of the gun, till it
touch the ground. Having found the mean of the two
movements of impulfion and gravitation, turn the piece
towards another objed, in order to obtain a different me-
dium, then towards a third and a fourth, with the fame
precautions as before.

Thefe experiments fhould be repeated with a gun of a very
different calibre, with the fame care and attention (156),
that the refults may not be affelted by the variations of the
atmofphere. Shot much lighter than the common fhot may
be made for the occafion, by fufpending in the center of the
mould a fphere of wcll-tcm&crcd clay, which will be thus

4

2

» whence the values of ¢ and r may be

oM

~
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completely enveloped by the melted metal ; the refiftance of
the air to thefe projetiles will be much more fenfible. If
this holiow thot be 10 a folid one of the fame diamcter, as
she weight of a fhell full of powder is to a fhell of-the fame*
diameter caft folid, the refults may be applied to mortars in 2
much more fimple manner.

Auter the experiments, conftruét 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
unequally accelerated by gravity. The laft fcale fhould give
a curve convex towards the direCtrix. 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 expreflfed as to ferve -for
all the different ftates of the atmofphere.

171. While the ftate of the atmofphere 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, PF, Z X, be
very confiderable as 848, 1696, 3046, and 5088 feet, the
refults will be falfe and inconclufive, even if there be no
alteration in the ftate of the atmofphere ;

1. Becaufe fhot fired from different heights are qp-
pofed by air ot different denfities ; the law therefore of the
inflammation and explofion of powder is altered, though
the quantity be the fame : of courfe the initial veloci-
ties will differ. .

2. The lines of defeent GK, PF, ZX, and the
lines AK, F L, H X, which exprefs the movement of
impulfion, traverfe in an inverfe order the air which is
of different denfities at ditferen: heights ; whereas by
firing always fram the fame place H (170), the fhot
will at the firlt graze firke the points M, B, E, T,
with correfponding lines of defcent; and traverfe the
air in the natural order; the lines which exprefs the
movement of impulfion will be in the dire&ion H X.

To afcertain the modifications that take place in the
inflammation and explofion of powder, and in the refiftance
of the air to projectiles, owing to alterations in the ftate of
the atmofphere, the foliowing experiments may be made:
Let a mufquet pe fired very clofe to a butt in the bottom of

a valley ;
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2 valley; and another be fired with an equal quantity of
powder of the fame qualitv againft the fame butt, at the
diftance of 675 feet : at the fame time let another perfon, at a
place 5000 or 6000 feet above the tormer fituation, difcharge
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 conlfiftent : the penetr.tions will be
much deeper from the mufquet fired near the butt at the
foot of the mountain, than from that fired near the butt at
the higher fituation ; but will be much lefs at the diltance of
675 feet, than from the upper one at 675 feet. Thefe effe&ts
were fo fenfible in the campaigns of 1743, 1744, and 1747,
in the A.LPs, that there were days when the mulfquets fired
at the top of the mountains ranged 3 more than the fame
mufquets at the bottoyn': fometimes the mountains were
enveloped in thick cloyds, 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 one day bore no analogy
to thofe of the next.

172. To determine in another manner the Jaw of each
of the unequal movements that conftitute the curve of the
fourth kind ; let a gun be frequently fired from a horizontal
plain P AK, (Pl 6. Fig 18.) at the foot of 2 mountain
K IH, with the fame clevation K AM, 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 mountain, that the fhot falling in 1,
the lines that exprefs the movements of impulfion and gra-
vitation, may be longer : remove the guns flill farther from
K, and fire as before; and, having taken the mean refult,
retire the gun to a ftill greater diftance rrom the mountain,
fo that the fhot falling on the plane P L, may give the
longeft lines of projection and defcent poflible, under thefe
circumftances; always ufing a fecond watch to mark the
time of flight of the fhot; aund, taking every precaution
to know whether the ftate of the atmofphere remain the
fame. From thefe refults two fcales zpplicable to the ufes
before expreffed (170) may be conitru.:ed.  Experiments
conducted in tins manner cannot be very erroneous, bat,
their refults are more complicated than the others, (1‘; 70)

ce
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fince the fhot in afcending, paffes continually from a denfe
to a more rarified medium, while the reveric takes place
when the fhot deicends.

CHAP. I

OF THE ErfrecTs oF CannNoN SHOT oN WORKS.

173.THE ufe of heavy artillery (64) is to ruin and
demolith permanent fortificaiions and works.

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 attending thefe heavy guns, and the
difficulty of tranfporting them, 16 prs. ferve for di{fmount-
ing the artillery in the outworks, and beauing down the de-
fences. For richochet and hot-thot firing, 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 ; as 8 prs. v.ill ferve for firing againft the
opening of the trenches, and 16 prs. againft the approaches :
but, if the fituation of the ground be fuch, that the artillery
of the place has a decided fuperiority over any batteries the
befieger can ere&t ; then, to take full advantage of this cir-
cumftance, the number of 32 prs. thould be increafed : lon
. 4 prs. will keep the enemy in refpeét around the place, ang
a few fhort light pieces (66) may be held in readinefs for
‘making fallies. ‘

174. To ufe fire-arms to the greatet advantage, the
effet of each fhot fhould be obferved: (141) for this
purpofe .

1. The guns and carriages fhould be conftruGted

with the utmoft accuracy. _

2. The guns fhould be ferved with care and judg-
ment, and placed at a proper diftance from the objeéts
intended to be battered.

175. In the former part of this treatife, the principles of
the beft conftruction for guns were fully explained : but, as an
officer is fometimes 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 defeét: 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 artillerift thould be both theoretical
and pradlical : to afcertain the nature of the curve de-
fcribed by a projeiile, 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-commiflioned officers and foldiers are inftrued in the
part purely praical : 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 neglect 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&tion for hitting the obje&, to continue it without
variation, ~ '

176. That the gun may be placed at a proper diftance
from the obje& (174, No. 2); the thot’s path muft be con-
fidered, and allowance made for every circumftance that can
affe@t the range : the relative fize and pofition of the obje&t
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 obje&t 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 againft which the fire is dire&ed in the
firk part of the attack, does not exceed 7 feet, 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 ?oev: obje&ts, 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 (hot, no etfe&
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 effe&, and ayoid fpoiling the

e guns
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guns before the fiege is over, by firing with large charges.

. The following confiderations may perhaps aflilt 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 firingis not abfolutely
neceffary ; as battering in breach froin the creft of the
glacis.  But, in firing from 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 explofion may not produce irre-
gularities (7, 8, 9).

2. The lefs, and even the leaft charges will ferve
for battering towns or villages furrounded with a fingle
wall, unfu, ported with a rampart of earth; fince a thot
impinging on a thin wall with great force, makes a hole
without fhaking the contiguous parts: thus it requires
a greater number of rounds with large charges to
demolith them, than if the chargss were diminiihed.
Should the fituation of the ground permit the gun to
be laid on an oblique direction at the objeét, the me-
dium, and even the largeft charges may be ufed : in this
cafe the effeis of the fhot are in the ratio of the angles
of incidence.

178. The force of the dire& thock of hard bodies, is cal-
culated from their mafs multipled into their velocity ; and
the foice of the oblique thock, by multiplying the former
product by the rigit fine of the angle of incidence, divided
by the whole fine ( T'reatite on Moving Bodies). If the force
=/; the weight of the {hot—m, the velocity with which it’
impinges =V, the right fine of the angle of incidence=a;

then f=mV x is the general formula in which

a
whole fine

the fra&tion is equal to unity in the dire& thock.

a
whole fine

If the value V of the remaining velocity (162) be found,
the impetus with which fhot of the fame or different diame-
ters impelled with different intial velocities, impinge on
objeé&ts at different diftances, may be compared. For in-
ftance, let the diftance between the gun and the objc& be
exprefled by the line of projection, andina 32 pr. r=12:

then
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then in the dire® (hock, the force with which a'32 Ib. thot
with an initial velocity of 1350 feet, impinges on an obje&
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 932
feet, is to its force at 322¢ feet, as 1226:817. On com-
paring in the fame manner thot of different diameters, it ap-
pears, that the force with which a 32Ib. fhot, with an initial
velocity of 1350 feet, firikes an object at the diftance of 330
fect, is to the force of a 4lb. fhot, with an initial velocity
of 1467 feet, at the diftance of 3520,3s 32 X 1300 4 X 528 ;
that the force of a 16lb. fhot, with an initial velocity of 1416
feet, at the diftance of 3886 feet, is to the force of an 8lb.
thot, with an initial velocity of 1449 feet, at the diftance of
350 feet, as 16x 716: : 8 x 1361. If under fimilar circum-
ftances, the fhocks be oblique, fo that with a 16lb. fhot the
angle of incidence be 20°% and with an 8ib. fhot 75°, the
two fhocks will be to each other:: 16 x 716 X 34202: 8 x
1361 X 96592.

179. lo the preceding paragraph it was fuppofed, that the
compound velocity B K of the thot, when it impinges on an
obje&t, was equal to the remaining velocity H K, which is
in the ratio of the retarded motion of impulfion: this is
the caie not only in this particular inflance, but in all others
that do not admit of geometiical precifion. Neverthelefs,
on altertaining the greateft difference that can be between
thefe two velocities, in- the common fervice of guns, we fhall
find it to be too inconfiderable to uccafion any material error;
for, it the value of the compound velocity B K be deter-
mined (168,. the gun having been fired at the higheft
elevation the carriage will admit of, B K is lefs than HK in
the proportion of about X in the 100 ; that is BK: HK
1:397: 1005 and if the gun be deprefled as much as pof-
fible, B K will exceed H K in the proportion of about } in
the s00; thatis BIZ: A K::80r1:800. .

180. Among the feveral works againft which canron are
fired ; there are fome which do not yield 1o the moft violent
fhocks ; a.d others of very flight refiftance. Of the firlt
kind are thofe cut out of the folid rock, the hardnefs of
which joined to the cohefion is fuch, that the moft violent
thocks caufe no difunion in the parts. If the weight of the
thot =m, the velocity with which it impinges=V and n=
the objelt impinged on ; the whole effect of the fhot 1o_n

this
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this work, is a flight tremulous motion in the point of im-
pad, incapable of producing the leaft 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.

181. There are three ways in which works that yield to
cannon balls (18c) may be deftroyed : ‘

1. By feparating the conflituent 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.

TIn the fir(t cafe, the upper parts being by repetition of the
fhocks deprived of their bafe fall down; as in walls built
very folidly of hard ftones, cemented with mortar: the
more fpeedily to effect this, fhot of the largeft calibre thould
be projelted with the greateft initial velocity, and the guns
placed very near to the object, and fired in falvos 3 that the
feveral fhocks being made at the fame inftant, may be the
more cfficacious. The 641b. thot formerly in ufe, were
well adapted to this purpofe; as they demolifhed the wall
in a very little time, even with an initial velocity lefs by 1}
than that of a 32Ib. fhot; fince from the greaer quaatity
of movement, they fooner feparate and open works of ma-
fanry ( Treatife on Moving Bodies, 370, 371,372). Thefe
abfervations on walls confiruéted of hard itone and lime, are
in fome decree applicable to works cut out in foft or friable
ftone; with this diffcrence that the upper part of the rock
being by its nature firmly fixed in the ground, is lefs fhaken
than a wall fuppcrted by earth, which though an adjunét,
is little affected by the fthock ; whereas, the rock being one
body, the thock is communicated to its whole mafs ; and is
fo generally diffufed, as to be almoft infenfible. 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) when the fhot penetrating to different depths, difu-
nite the contiguous parts; as in turf, earth, &c, The for-
mula fS=Dx* (246), ferves to determine precifely the
penetrations of fhots of different diameters, into works of
thiskind : the penetration of a 32lb. thot, which with an initia}
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

X 1517%:
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x 1517*: 2. 881x1010* (161). If a 32lb, fhot (146)
with an initial velocity of 1517 feet, penetrate a butt of
earth to the depth of 20 feet, a 4lb. (hot with the velocity of .
1010 feet, will under the fame circumftances, penetrate only
to the depth of 41 feet; therefore, intrenchments g feet
thick cannot be pierced by 4lb. fhot that impinge with
this velocity. The fame formula wiil determine the dia-
meter or velocity that fhot ought to have to penetrate a
parapet of a given confiftence and thicknefs (146): if the
thicknefs=S be 8.43 feet, and the confiflence=F be
37046, by fubftituting thefe data in the formula, we fhall
find that fhot 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 8lb. thot (161).

183. To determine the relative penetration of fhot of
different diameters, fired at different diftances againft a pene-
trable and homogeneous butt, the remaining velocity =V
with which the fhot from the diftance=4 with an initial
velocity = ¢ impinges, muft be found from the movement of

impulfion : for this purpofe the formula ¢ = ;——-:_:, (161) will

give the time=1¢; and, the value of r being given, the

time may be fubflituted in the formula V= :—__r—_, (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 largeft and the medium charges, againft
a penetrable and homogeneous butt, from four different
ditances hus been calculated ; the initial velocities are as
before cxprefled (150) and from the rcfiftance of the air,
ina 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 penetration of other fhot, under the fame
circum-iances into the fame butt. For example, if a 32lb. -
fthot with the largeft charge, fired clofe to the butt, penetrate
to the depth of 22 feet, an 8lb. fhot fired with the largeft
charge, at the diltance of 1000 yards, will penetrate cnly
: to
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to the depth of 6 feet If a 16ib. fhot with the mediam
charge, fired at the diftance of 340 yards, penetrate 10 feet,
2 4lb fhot with the medium chorge, at the -hftance of 680
yards, will penetrate only to the depth of 3} feet.

The relative penetrations of thot, projeted from different
diftances, with given initial velocities.

|

Relative Penetrations. «

A,
r hJ

Clofe
to | At | At | At
the | 340 | 680 | 1000
Butt. |yards. |yards. | yards.

Nature of Guns
Weight of Powder.
Diameter of Shot.

Value of r

Ty o T o
YInitial Veldcities.

Ibs, oz. | Inches.

3

32|13 2 |5.760| 12 1517|33210(26355 [20726116015
16| 6. 9 |4.566,9.5'1618129952 (22877 {17082 12452
‘8| 4 143|3.6537.6 1696|2600c | 18696 |1306g| 8837
4| 2. 732881 6 1720|21:28!14122| 8902| 5290
32{ 9. 133| — | — 1350/26240 20262[15356|11430
16| 4 143 — | — 1416/22932/16754 | 11935/ B255
8] 3- 4i| — | — 145019229 131c6| 8566| 5318
4l 1 10} — | — 1465]15516; 9563| 5458| 2867

184. To judge of the total effeits of fhot, it (hould be
obferved ; that the larger the (hot are, the fooner the upper
parts are deprived of their bale, and fall down. If Da*
expreffing the penetration of fhot, be mulriplied by D*a
quantity proportional to the bafe of the cylindrical cavity,
made by the fhot, D® U? will be expreffed by the fize of
the hole ; that is to fay, the holes made by the fhot are
in the compound ratio of the weight of the fhot, and the
fquare of its vclocity. The cffects of a 64lb. thot imping-
ing on a parapet of earth, with a velocity of 1247 feet, are
to the cffects of a 32lb. thot, with an initial velocity of 1350-
feet, as 64 x 1247%: 32 X 1350 or as 43 : 25 nearly.

Hence it appears, that 64 prs. are in both cafes (181)
more proper for battering in breach than 32 prs. and the
folc reafon why they are not ufed in the attack of places, is
the difficulty of tranfporting and working them,

. . 185. Since
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185. Since folid and refifting bodies are demolithed by .
the divifion of their parts, 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 effects of fhot on
walls are much modified by the proportion that the force
of percuffion bears to the refitance. When two fhot of
different diamneters penetrate to great depths, the holes are
in the ratio of D?® «* (184): but, if one p¢netrate to a great
depth, and the other but a little way, this proportion will
not be juft; for, the hole made by the latter, 1s lefs than
what refults from the exprefion D? «*; 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 projetted 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 againtt other walls. The direction of the fhock, con-
fidered relatively to the thicknefs of the wall, likewile con~
tributes to modify its effefts : a fhot that with great impetus
impinges with a direct thock on a thin wall, paffes through,
and only makes a hole, without fhaking or difuniting the
contiguous parts : but, if a wall of the fame quality be thick
enough to receive all the f.rce of the thot, it, befide making
a hole, fhakes and loofens the rett of the wall. A fingle
wall is foonelt demolithed by firing againft it dire&tly*with
{mall charges, or obliquely with large ones; fince the fhot
not being able to pafs through, it receives all its force : the
fervice of artillery in richochet and hot-firing, is difcuffed in
the fubfequent treatife.

CHAP IV.

Or THE EFrecTs oFr CannNon SuoT IN ENGAGEMENTS,

186. IN forming a train of artillery for the fervice of
an army in the field, there are feveral points to be confi-
dered : the nature and difpofition of the ground ; the kind
of war that is to be carried on ; the intended plan of ope-

rations 3
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rations ; the number and quality of the wroops that compofe
the army, and their manner of fighting.

A general commanding an .rmy, thould be acquainted
with the effects of artillery, that he may know when it can
be employed to advantage; and how far, when judiciouily
and fkilfully ferved, it can contribute to the attainment of
his object (1471,142).

187. Incountries where the tragnfport of carriages is attended
with no great difficulty, the train of artillery that march with
armies, are compofed of medium guns, caft of metal con-
taining § of tin, a..d carrying balls of 16, 8, and 4lbs (64).
Thefc guns are divided into brigades : the heavieft fhould
not weigh more than 32 cwt. as the bridges conftruéted by
the peafants for their carts and waggons can feldom fupport
a greater weight: belide, if the road be not hard, or have
been fpoiled by preceding rains, it will be impoffible to move
heavier guns, even at the opening of the campaign; and,
in autumn, when the roads are generally deep, thecattle will
be exhaufted with the fatigues they have already undergone.
Therefore, the [pecies of artillery fhould be always adapted
10 the nature of the country.
~ In carrying on oitentive operations in a champaign coun-
try, the train of artillery fhould be compoled of 8 prs. ; to
which may be added a few 16 prs. for occaficns of great
exertion : there fhould be a few fhort light guns (g7) to
accompany any corps of the army that may be deflined by
rapid marches to fall on the enemy’s convoys or cut off their
detachments. In deep hilly countries, thort 8 and 4 prs.
fhould be the heavielt puns ufed: indeed, an exa&t know-
ledge of the nature of the country is the beft rule for deter-
mining the calibre as well as number of the guns.

When the army is to remain on the defenfive in a coun-
try where the roads are tolerally leve] and good, and there is
no great probability of being oblized to make very long move-
ments, the number of 16 prs. fhould be greater than would
follow an ariny acting offenfively in the fame country ; but
if this defenfive fyftem be carried on in a ftrong country,
where the tranfport of carriages is difficult, and long and
rapid marches may be indifpen(ibly neceffary ; the brigades
of artillery fhould be fo conftituted as eafily to keep up with
the army. Any poft that the general may with to occupg
and maintain during the campaign fhould be provided wit
guus 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 Architeture, 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
matfters of the principles of ta&ics and fortification, as of
their own profeffion, the fervice may on every emergency
reap the greate(t benefit from their knowledge and exertion.

188. Thefe guns are able to bear the largeft charges ; yet
they fhould not be ufed but in cafes of abfolute neceflity and
when they cannot derange the firing : in all other cafes, the
charges ought to be proportioned to the initial velocity that.
the projectile thould have to produce the defired effect. For
exanple, the medium charge may be ufed in enfilading
columns of troops ; as the thot from its greater velocity will
deftroy a greater number of men : but if the lefs charge will
impel the (hot from front to rear of the column, the medium
charge would ferve no other purpofe than unneceffarily to
heat the gun. Againft an enemy drawn- up three or four
deep, the lefs charges fhould be ufed ; as the leaft charges
may from fome neglect in wadding be uncertain in their
execution. :

189. From the defire of firing quick in a&ion the greater
part of the fhot do not take effect; fince in working the
guns with fuch precipitation, there will moft probably be a
want of attention in loading, laying, or fome other effential
point. The frequency of firing fhould be regulated by the
certainty of doing execution ; thofe who are actuated by any
other motive frultrate 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, which is by fome individuals abfurdly placed in
firing fo many rounds in a minute. 'Whenever the diftance
is fo great or the obje& 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
cffectual execution.

1go. In engagements, the enemies troops are the objefts
againft which cannon fhot are direGed ; 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 ;

. N2 otherwife,
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otherwif¢, the artillerift will in a variety of circumftances be
unable to ufe his gun to the greateft advantage (141 ;.

In finng at infantry, the height above the plane of the
ground is about 6 feet, and in firing at cavalry not more
than 10 feet; wherefore the diftance thould never exceed
680 yards, except when the enemy is drawn up fo deep, that
the thot can hardly fail of taking effect.

‘The execution of cannon fhot in adtion is eflimated from
the number of men that are killed, or wounded in fuch a
manner as to be difabled from further immediate fervice : it
is unneceffary to confider the depth of the wounds; as a
man ftruck by a cannon ball i1s generally incapacitated, at
leaft for the prefent. The great objcit of the artillerift ¢ is
¢ to endeavour to [irike with each fbot the greatefl number of
€ men poffible” (141 142) : this depends ; .

1. On the difpofition of the enemy, and the nature
of the ground. ’

2. On the calibre of the guns and the judicious ufe
of round or cafe thot :

3. On the velocity with which the fhot are impelled,
and the diftance between the battery and the enemy.

191. There are two cales 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 they
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 ;' fhould 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
excecution 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-
A noa
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non A : cafe fthot will then be preferable to round fhot,
if the diftance A G admit of it. .

2. If the column be on the flope GE inclined to-
wards E or on the height NBM; it will prefent to
the cannon A an object of great extent, and be from
its fituation very much expoled : the clofer the ranks
are, and the deeper the column, the more deftructive
will be the fire of the artillery.

3. If A B be within range of cafe fhot, its greateft
effe& will be at N B M, where from the divergence of
the fhot each mav firike a man; whilethat in GE
much nearer to the gun, the fhot not having had tine
to fpread, each man will be firuck 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 A P : the cafe fhot thould 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 PE be lower than A, fo that the guns at
A mutft be much depreflfed ; cafe fhot compofed of the
fmalleft balls will be the beft ; fince from the greater
number their effe¢t will be equal to that produced in
the former inftance by the large balls ; there being inf
this cafe no probability of eftablithing an eufilade.

§. The enemies 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
a little, 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
deep upon the flope E G, the greateft effect of a round
fhot will be to carry off a file of men even when the
ranks are very clofe : but 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
when the enemy has advanced to the horizontal plain

193. The dire@ion in which guns fhould be fired depends
on the initial velocity of the thot, its diameter, and the di-
N3 ftance
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ftance from the enemy ; the formulas g= ’%, g=32 ;8:’

(165, 166) will give a folution of the problem.

The opinion of fome artillerifts, that guns in time of
a&ion ought always to be fired horizontally, or at moft with
& degree of elevation, can only'be jutt in particular cafes ;
the following example will evince the neceflity of fometimes
deviating from this maxim. Let the gun AB (Pl s.
Fig. 14.) be fired in the horizontal dire&tion A C with the
charge that gives an initial velocity of 1416 feet ; and from
the refiftance of the air, r=9.5. Now fuppofing the

“and the enemy to be in the fame horizontal plane; Let K G
reprefent the vertical diftance between the two planes A C,
DF; KG will then exprefs the fpace = S pafied through
by the power of gravity, and by fubfiituting the value of K G

2
in the formula S=&2._;§t_ it will give the time of the thot’s

flight before it touch the ground in the plane DF : then by
fubftituting in the formula qz:—.% the known value of 2,

the extent of the range AK=D G=¢ will be found. For
example, .f K G=5} feet, the time=¢ will be 56 parts of a
fecond ; and by (ubftituting the values of ¢,r,¢ 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 ; fthould the
- enemy be at G where the fhot touches the ground at the
firft graze it will only ftrike his feet ; to hit him in the breaft
the gun mutft 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 fuppofed to be in the fame plane, and from
the refiftance of the air =12 in a 32lb. thot ; the wads are
rammed with equal force and in the manaer before exprefled,
5‘;4&3, 150) ; except in the quick firing, when none are

ed.

.
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198. Many pra@ical inferences may be deduced from this
table ;

1. Guns of the common length loaded with the me-
dium charge fhould 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
1000 yards. The lefs the calibre of the gun is, the
higher muft be the elevation. :

2. The elevation of fhort guns fired with the lefs
charges muit be greater than of guns of the common
Jength to range the fame diftance. .

3. If a fhort 4 pr. loaded with the lefs charge, range
1000 yards, the line of defcent is 278 feet ; wherefore
the thot’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 common 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 diftance: thus the
curve deferibed 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 enfilading,
and are very uncertain : the angle of incidence ‘ 168) at
the diftance of 1coo yards being much larger than the
angle of elevation, if the thot fall on foft ground they
bury themfelves at the firlt graze.

5. Shot fired from fhort guns with the leaft charges
and without wads, which range only 680 yards, alfo
defcribe a curve of the fourth kind; they are confe-
quently ufelefs in enfilading, and their execution is
uncertain.

6. If to thefe refletions be added the confideration,
that in pointing fhort guns the eye is more eafily de-
ceived, from the proximity of the two points of fight,
than in Jonger gnns ; and that in the latter the angle of
elevation being lefs, the angle of incidence is lefs alfo ;
fo that the thot on touching the ground rife and from
their richochet are very dangerous : it will be evident
that to derive from the ufe of artillery the greateft pof-
fible advantages, long guns fbould cver be pr.ferred to
Jhort ones of the fame calibre. 'The good effeéts refult-
ing frum this will be more fully difplayed in the fequel.

' 196. Ta
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196. To form a comparifon of the effe&ts that fhot of
different diameters with different initial velocities produce at -
different diftances on a body of troops; they muft be
confidered as a homogenous butt : then the formula S=Dau*
(183) will give the relaive 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 from the refiftance of the air
r=12.in a 32lb. fhot, in order to compare together the
number in this and the preceding table (183). The cal-
culations are not carried beyond 680 yards, which is confi-
dered in field engagements as the greateft diftance that fhot
can range to, with a certainty of doing execution ; in extra-
ordinary cafes indeed, when the nature of the gtound and
the pofition of the enemy are very favourable (19a), the
1ange may be extended with tolerable fuccefs, :

T he relative Penetrations of Shot projected from different
Diftances with given initial Velocities.

Nature of Weight of |78 2| 28 At | At
Guns. | Powder. . [E é € | 340 | 680

: ' . O < |yards.| yds.

Prs. 3. oxz. Fn>l. 0= ¥ yes

Com- [16 3 1031240 17571{ 118788509
mon 8 2 73(1265|14625| 9360|5743
Jength, U 4 1 33 [1283|11840] 6754|3479
8 2 74|1206|13329| 8358|4919

4 I 3%[1222|10784| 5933|2944

Short 8 ) I 10%| 978| 8746| 4874|2450
Guns. | 4 —~ 13%| 978] 6896| 3230|1271
I 8 without{ 10| 675| 4110 1738 | 427

L 4| wads 131] 675| 3241| 1024| 251

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 paffing through the moft 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 former; and by compariug them together,
the number of horfes that a (hot of a given diameter, with
the fame initial velocity, could pafs through, may be afcer-
tained. On comparing the refiitance ot a horfe’s, with that
of a man’s body, the number of men that the fame thot
would pafs through may be eafily caiculated. An §1Ib.
fhot, with an initial velocity of 1450 feet, will pafs through
20 horfes ; and in this table it is prefumed on tolerably juft
grounds, that the fame fhot would pafs through double the
number of men, even if it truck the moft {o!id parts of their
bodies ; the number therefore thit may be fruck in lefs re-
fifting parts of the body and difabled muit be greater, and
may even exceed twice the number of the former. The table
has been deduced from the former proportions (183, 196).

Number of Men that can be pierced by Shot projeted from
different - Diftances with given Initial Velocities.

“w 0.
Nature of Weightof | E2 |02/94] 84
Guns. Powder. =38 !Ef' ‘?"g %'g
N AT
lNa. No. Ne.
. s, ox. Feet. ' Men.| Men Men,
32 13 2 | 1517 | 70| 55 | 44
16 6 o | 161816348 | 36
£ 8 . 4 143 | 1696 | 55| 39 | 28
Bl 4 2 74| 1720 [ 45|30 |19
3132 9 131 | 1350 | 55|43 |32
e 16 4 144 11416 | 48| 35 |25
2 8 3 41| 1450 [ 40|28 |18
g1 4 1 10} | 1467 | 33| 20 12 .
S 16 3 10} | 1240 | 36 | 24 | 17
8 2 $ ) 1265 31| 20 Ig
L 4 33| 1283 | 25| 14
21 8 2 74| 1206 | 28|18 | ix
£\ 4 I 31| 1222 | 23] 13 7
©J 8 r 104 | 978 | 19| 10 s -
£] 4 . — 13t | 978 15| 7 3
21 8 | without { 1 03| 675 9| 33| ¥
@ 4 wads. |— 13| 675| 7| 2 | +=

—

398. Several
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198. Several inferences of great pradtical utility may be
drawn 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 thort with
the leaft charges. .

2. The relative effets of guns of different natures
increafe in the ratio of the diftances; and there is greater
‘difference between the calibres of the guns and the
charges of powder. _

3. Guns fhould 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 field 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 army is to remain on the defenfive in a fixed
poft, the fame arguments will evince the propriety of
giving the preference to longer guns of large calibre.
199. If the enemy troops be drawn up three or four deep,
the effe@s of an oblique fire will be greater in proportion
as the angle of incidence on their front is more acute; fince
the refiftance not being fufficient to turn the fhoy, it will
penetrate in the direction in which it impinges. On the
contrary, the effect will be lefs, the nearer the angle of inci-
dence approaches to a right angle; fince it will then only
deftroy a finglc 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 perilous;
for eight paces at leaft muft be left between every rwo guns,
to give the men room to work them ; each gun is then ex-
pofed to the fire of eight file of mufqueteers; or in other
words, each artillerv-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 fingle file of the enemy : when hali of the
artillery-men are wounded, the gun muft ceafe firing ; but
the fire of the mufquetry 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 elaftic, as the body it muft impel
towards the muzzle is heavier ( Treatife on Powder ),

‘Whencs
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Whence it is eafy to conceive ; that in putting two thots
into a gun, the velocity of each muit neceffarily exceed half
of the velocity that one thot with the fame charge would
acquire ; and the quantity of motion of the fingle fhot is
lefs than the fum of the quantities of motion of the two (hot :
but in afcertaining the effelts of the three (hot, their force
after paffing through the men and horfes being fuppofed to be
entirely fpent, the equation S=D #* which exprefles the effeds
of one fhot muft be changed ; and to make up the excefs,
the initial velocity of each of the other two fhot muft exceed

a+/ §; and each fhould firike a feparate file. The proe
portion between the initial velocit: acquired by one thot fired
fingly, and that acquired by each when two fhot are fired
" together with equal charges, can only be determined by ex-
periment, as it changes whenever the charge is altered ; but
it may be remarked, that in praice the velocity of each of

the two fhot is lefs than » 4/ £: wherefore the expedient of
putting two thot into a gun can be only advantageous wien
the enemy is drawn up in fuch a manner, that each fhot
has fufficient velocity to carry off a file. For example, fup-
pofe the enemy be drawn up eighteen deep, and each of twa
thot fired together from an 8 pr. could firike a feparate file
with an initial yelocity of 978 feet, each of them would de-
ftroy 18 men (197): under this fuppofition there would be

6 men deftroyed by the two fhot ; while a fhot of the fame

iameter, fired fingly with an initial velocity of 1450 feet,
could deftroy only 18 men ; then its remaining velocity fuffi-
cient to deftroy 20 more would be ufelefs.

i

CHAP V.

Or Tue Errects or Case or GRAPE SHOT IN
ENGAGEMENTS.

201. THERE are feveral kinds of thot that come under
this head : one is formed of fmall pieces of iron of different
fhapes and fizes put into cylinders of tin or pafteboard ; the

bafes of which are clofed by two circular pieces of wood.
, A fecond
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A fecond called cafe fbat, is compofed of fmall iron balls put
into tin cylinders; or regularly difpoled in linen bags faftened
to a wooden bottom, in the middle of which is a fpindle,
and wound round with coid or wire ; the latter prefent the
appearance of a bunch of grapes, and are called grape fbot.
1 he firft kind is generally ufed in the defence of places;
and fired from the low flanks, where in fpite of their diver-
gence they are ufeful in fcouring the ditches and counter-
fcarps: therefiftance of the air, from the irregularity of their
figure, renders them in effe@ more uncertain than fpherical
fhot ; but as the objeéts againft which they are fired are
always very near, they have force enouzh to do execution.
The fecond kind is generaliy defigred for ficld fervice, as
the balls diverge lefs, and, from their ‘fpherical £zure en-
counterin: icfs refiftance in the air, range farther.

202. In the late wars, our trains of artillery were formed
of medium 4 prs. (64) : the cafe-fhot for thefe guns contained
63 or 64 leaden bullets, each weizhing § of an ounce; the
whole weighed pearly as much as a round fhot of the fame
diameter. In order to afcertain their effets, the officers of
artillery in 1743 made the following experiments : a 4 pr.
was fired againft a target of plank 8o feet in length by 10
in height, erected on the fame horizontal plane with the gun ;
fo that fome of the balls after grazing rofe and firuck the
target: cafe and grape fhot were fired, but no difference in
their effe@s was perceptible. In the firft experiments, the
charge was 1lb. 100z. of powder, and over the wad,
which was well rammed, was placed the cafe: at the dif-
tance of 200 yards, only 3 or 4 balls ftruck the target.
The gun being moved 35 yards nearer, g or 10 balls ftruck
it; but the greater part did not go through the planks,
which were an inch thick: thofe that ftruck were panly
melted, and two or three were found in different places
flicking together. At the fecond experiment, the cafe was
placed immediately over the powder and a wad rammed over
the whole: at the diffance of 170 yards very few of the
balls went through the planks, though the report of the ex-
plofion was as Joud as at the former experiment ; others had
not force enough to enter, and thofe that firuck were much
more liquefied than before; 4 or 5, and at one time 15
were found flicking fo clofely together as to form a lump of
Jead. At other experiments, when the cafe was placed over

’ the
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the powder without a wad, the balls at 170 yards firuck
the target with rather more force, and were not liquefied,
though the report at the difcharge was more feeble than at
the fecond experiment. At each round, the number of balls
that ftruck the target was hetween & and % of the whole ;
and £ or % of thefe ftruck it below a horizontal line drawn
5 feet from the ground. ‘The greateft divergence of the
balls at this diftance was 60 feet, but frequently not more
than 33.

203. Some rounds being fired from the fame gun at 170
yards, with 1} Ib. of powder ; the number of balls that ftruck
the target was between 3 and 3 of the whole, but their force
was lefs : in thefe, as in the former experiments, a wad was
rammed over the powder; in the fecond, a wad over
the whole; and in the third no wad was ufed. Two cafes
being put into a gun and fired together, the number of balls
that ftruck the target was between j; and 4 of the whole
pumber in the two cafes; many. of thofe that touched the
target had not force enough to penetrate. ‘I'he gun being
removed to 200 yards and fired again with two cafes, about
a5 of the balls ftruck the target, but with much lefs force.

204. 1t refults from thefe experiments (202, 293) :

1. That cale-thot of this nature fhould never be
fired at a greater diftance than 200 yards, againft obje&ts
not exceeding 10 feet in height.

2. A wad fhould be put between the powder and cafe;
but as fomedmes in quick firings this muft be dif-
penfed with, the balls will yet have force enough at
200 yards to wound 2 man.

3. That the greateft poffible effect of cafe fhet is
when fired againft an enemy drawn up in form of a
vaft amphitheatre between 170 and 200 yards diftant,
by putting two cafes into the piece 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 yards; and ftill a greater
number when two cafes are put into the gun: when
advanced nearer to the enemy, the balls will pafs
through the bodies of the men in the front rank and
wound thofe in the rear.

§. That the firing with cafe thot fhould commence
at 170 yards in order to acquire a fuperiority over the
enemy’s mufquetry ; the effet of platoon firing d:;mat

CO
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diftance is uncertain, while cafe fhot fired with judge-
ment will ftrike 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 fhot of the fame dia-

_meter ; it refulted that at 200 yards, 3 or 4 balls ftruck
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 fubje&t, in the pradtice of artillery and
the elements of taltics. It will be thewn in the fequel, that-
greater advantages may be derived from the ufe of field pieces
than has becn hitherto done, in conftantly maintaining a de-
cided fuperiority of fire over intantry drawn up in front
of the guns (199) 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 proper 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 relative penetra«
tions calculated (183) on a fuppofition that the initial ve
locity is 1450 feet, and that from the refitance of the air to a
32 lb. thot =12, in order to form a comparifon between
thefe and thc 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 fhot.

TABLE L
=
2 AR NERERE:
G L = « o s b
o (Y - > > > >
-] ° 8 o) Q o o
& E <& - ™ %) 3
-“‘ -—°. & L o4 L o4 -
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206. From thefe premifes (190, 191, 192) it may be
inferred. :
1. That when balls of which cafe thot 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 €80 yards. If each ball weigh 64 oz. it can pierce
16 men when very near; 10 at 170 yards; 3or 4 at
s10 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 exprefled

by
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by the fration §; the fame ball at the diftance of 680
vards will hardly make a contufion, which is exprefled
by the fraltion /4.

2. Ballsof 1 oz. at 170 yards, thofe of 3} 0z. at 340
yards, thofe of 6} oz. at 510 yards, and thofe of 130z,
at 680 yards, produce the fame effe&; viz. of deftroy-
ing 4 men; which evinces the propriety of ufing cy-
Jinders filled with large balls for great diftances, and
with the fmaller balls for fhort diftances.

3. On comparing the numbers in the two tables
(197, 205), we find that an 81b. fhot, with an initial
vclacity of 1450 feet, will pafs through a file of 40 men
when fired very clofe to them; 28 at the diftance of
340 Yyards, and 18 at the diftance of 680 yards : while
a 63 oz. ball will only deftroy 16 men when very near, 6
at the diftance of 340 yards, and 1 man at 680 vards ; fo
that with cafe-fhot of this nature, if 5 balls {trike g fepa-
rate files, the effefls when very near willbe 16 x s=8o
men deftroyed, 6 x 5=30 men at 340 yards, and 5 only
at 680 yards. Hence it refults, that tke effes of cafe
fhot fired under fimilar circumftances, are greater than
of round fhot of equal diameter, when the diftance does
not exceed 340 yards ; but at 680 yards round fhot have
a decided advantage.

207. Thefe remarks (205, 206) are applicable to every
cafe that can occur, allowance being macde for the difference
of the initial velocities ; wherefore the effe@ of the initial
velocity on cafe fhot impelled with a given charge of powder
fthould be afcertained. It has been found experimentally,
that when the balls are regularly arranged in the tin cylinder
in the manner that will be hereafter pointed out, and are
equal in weightand diameter to the correfponding round fhot,
the greater part of them are impelied with the fame initial
velocity as the round fhot, but the remainder with lefs;
provided the charges be equal. This refult is conftant ;
hence the effe&ts of cafe fhot fired from ditferent diftances
with different charges of powder may be determined with
fufficient accuracy for praétice (205).

208. In firing cafe fhot, the balls are obferved at firft to
take a diverging dire@ion, and for a certain diftance to form a
kind of a cone ; the bafe of which is towards the obje&t fired
M, and the vertex towards the gun.

It is impoffible from theory alone to determine the di-
o : rection
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rection that each ball takes after the cafe is broken; fince
the conta& of the balls and their reciprocal preflures at the dif-
charge and at thecommencemen. of their divergence are un-
known: It mufl then as far as poflible be afcertained experi-
mentally. A ,

Experiments made with the zreateft attention have given
the following refuits ; ‘

1. The cenical fizure is* preferved for a certam di-
ftance ; after which it is entirely loft.

2. The proportion between the formation of the cone
and the point where it bezings to lofe the rezalarity of its
figure depends on the fize of the balis, 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 fhorter guns
with the fame charge. This muft be a familiar remark
to fportfmen who have ufed fowling pieces 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, 64 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: 1o0z. balls
thould be difpofed in the cylinder in the moft conve-
nier:it manner, and fired at any diftance le(s 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&tion 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 fhot of no effe&, but be
of little confequence in firing with cafe fhot.

~ 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 velocities of a 221b, fhot
arc fuppofed to be 1450 and 1206 feet, and =12 for the re-

*filtance of the air, to enable the reader to compare it with
the former tables.

Angles
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211. From this comparifon the following praical infe~
rences 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-
prefied by the fradtion -4z ; but it is injudicious to fire
cafe fhot of this nature at fuch a diltance, as their exe-
cution is trifling : 10z. balls ought never to runge 680
«yards, as they defcrite a_cuive of the fourth kind, and
are totally ufelefs in enflading; their remaining force
may be exprefled by the fraction 54, and is haidly
feafible.

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 enfiiading ; but as-they
can deftroy only one or two men, this is the greateft
ditance at which they fhould be fired : as to 1 0z. balls,
though at 510 yards their curve is of the fecond kind, yet
as the exprefficn of their force is 7, the diftance is too
great: 340 vards fhould be their longeft range, the
expreflion of cach ball is then Z.

3. Asa ball of 6} oz. with an initial velocity of 1450
feet can only deftroy one man at 680 yards, it fhould be
confidared as the greateft diftance ; though from the
nature of the curve, it might flill be ufeful in enfila-
ding. . v
Eball of 130z. with the fame velocity and at the
fame diftance will deftroy a file of 3 or 4 men.

4. When the intial velocity is 1206 feet, the cur-
vature of the lines of defcent is greater than when it is
1450 fzet; confequently cafe fhot with the former velo-
city are lefs prop:r for enfilading : they fhould enly be
ufed at fhort diftances, in proportion to the difference
between the altual velocity and 1450 feet. ’

5. A fmall charge of powder can only have the
farge effefts as a large one, when the enemy is drawn
up 3 or 4 deep, and fo clofe that a fingle ball can carry
off a whole file; the fame obfervation holds good with
refpe& to fhort guns, fince from the initial velocity
(151) their range is thort.

6. The number of balls that, with velocities equal
to or lefs than thofe above mentionel, will ftrike an
obje& of certain dimenfions at a given diftance, 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 effeits
of the 16 pr. will in certain cafes be greater than the
effeits of the 8 pr. ; for the fame reafon, the thort 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 diminithed. 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 flaughter 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 fhot thould 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. If it be neceffary in the courfe of a campaign
to place fome 32 prs. in a fixed poft, five kinds of cafe
fhot fhould be prepared for them: the firft with 16
balls of 260z. to range 850 yards: the fecond with
32 balls of 13 0z. the third with 64 balls of 6% oz. the
tourth with 128 balls of 34 oz. thefifth with 384 balls
of 10z. the four lak may be fired under the reftriions
already laid down. The two former may bs 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 garrifon pefted in the advanced works.

213. Balls of hammered 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 in proportion to the augmentation of the charge.
Each fhot therefore before it is put into the cafe, fhould be

placed
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placed upon an anvil, and receive a fimart blow from a heavy:
hammer; if they ftand this preof, they ar 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 1£ inch thick, on which the firff row of balls is

regularly placed, putting into the interftices fmall pieces of
wood to keep them firm: the balls of the fecond row are
placed over the interftices of the firft, and cach row is fixed
with chips or fomething of that kind to prevent their moving,
when the ammunition waggons pafs over rough and flony
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 eafily diftinguithed from the bafe; and on
the top is marked the diameter of the balls contained in the
¢afe, that the artillery men may make no miftake in the na-
ture of the cafe-fhot, or in the manner of placing it in the gun.

If mattic be .ufed inftead of chips, to fix the balls in the
cafe, its tenacity will increafe the force of the powder and
the balls will diverge lefs. The beft maftic for this purpofe
is made of melted pitch and powdered marble: but the quan-
tity (hould be praportioned 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 (190).

214. To derive from artillery in field engagsments the
fullet advantages (212), the following rules (hould be ad-
hered to: )

1. Brigades of the heavieft guns in the army (hould
be pofted at the points whence it is propofed to make
the greateft efforts againft the enemy, or where the
britkeft attack on their part may be expected : and the
guns of fmaller calibre placed fo as to favour the princi-
pal attacks and diitract the enemy’s attention, -

2. In pofting brigades of artillery in a defenfive itua-
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 gch brigade a referve of artil-

4 lery
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lety inen covered by an epaulment or the ammunitiort .
waggons, to replace without lofs of time any that may be
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 firt ; with equal reafon (hould the
number of artillery-men be fufficient to keep up the
fire from the cannon with proper vivacity during the
whole engagement, in fpite oi any lofs that may be ful-
tained. ’

CHAP VL

‘Tue Errects oF THE HowITzZER AND 8PR. COM-
PARED.

218. IN thelaft century, guns from 6 to 7 feet in length
were ufed to projet flones, cafe fhot, &c. from befieged
places : the thortnefs of thefe guns and the largenefs of their
calibre generally adapted to a fhot 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 muzzle in length of bore, with a cylindrical
chamber capable of containing 1lb. 100z. of powder: the
bore of the fhorteft was 4 diameters of the muzzle in length,
with a cylindric chamber containing 1 Ib. of powder. The
long ones were ufed in the imperial army which Prince Eu-
gene of Savoy commanded againft the T'urks, and the fhells
fired from them are faid to have caufed great deftru&tion and
difmay among the Ottoman cavalry. On the other hand,
the predileGion 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 fhower of fhells fired by the enemy,
but made feveral charges with great effe.  As the Ottoman
cavalry generally charge in an irregular, defultory manner,
they prefent a mu:h larger obje@ than our cavalry drawn up
two or three decp with clofe files; being therefore very much
expoled, the explofion of the thells will be more deftructive
among then, than in the regular movements and difpofitions
pralifed by us. Whatever may be the reafon of this diffe-
rence, we will only confider the phyfical effedts of projglc-

tiles
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tiles impelled from a howitzer 6 diameters of the muz-
ele 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:
leaving it to others to difculs the moral etfects refulting from
the ufe of howitzer fhells, which have by many authors
been fuppofed to be ver‘y great: adifquifition 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-
gement been thrown into diforder by the fire of artillery,
have at length recovered themfelves fo far as to defpife the
former obje&t of their fear, on finding that their apprehenfions
had greatly magnified the effes of thefe feemingly terrific
machines. :

216. A fMellis fired from a bowitzer with a view of de-
JSroying the enemy botb by its fhock, and explofion om burfliing?
its greateft effeCts are when, having enfiladed a body of
troops and being quite fpent in firiking men or other objeéts,
it burfts in the midft of thofe that remain. To convey a
juft idea of the comparifon we propofe drawing ; let the hows
itzer be equal in length of bore 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 ageinft 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 lbs. in weightis 11b. 10 0z. of powder
(215), this proje&ile muft have.a much lefs initial velocity
than an 8lb. fhot impelled by 3} Ibs of powder, with the
wads well rammed. The initial velocity and the fpecific
gravity of the fhell being lefs than thofe ot the thot, the air’s
refitance wiil be greater ; and confcquently its penctrations
into the fame butt will be lefs.

217. There are two methods of afcertaining the effe&ts of
howitzer fhells: the firit is, by firing againt a butt at dif-
ferent elevations and diftances, and comparing the penetra-
tions of the (hell with thofe of a fhot fired from an 8 pr.
The refult will exprefs the proportion between the effecis of
the two projeQiles, though the hole mide by the howitzer
fhell will be much larger than that made by the fhot : but the

velocity
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velocity with which the fheil impinges on the butt and jtg
fpecific gravit being lefs than thofe of the thot, the penetra-
tions, provided the butt be of a proper coniiftence, will be lefs
than would refult from the formula fo .. D u* ( 182).

The fecond method, is to find the initial velocity of the

thell fired at different elevations (167.)
- As the difference between the elevations and the <or-
refponding velocities will be greater in tite thell than in the
thot; it will be neceffary, after having afcertained the initial
velocity and the value of r =the refiftance of the air, to find
the remaining velocity = V and fubfitute iss value in the for-
mula D4*, in order toobtain the penetrations of the (hel]
fuppofing it to be fold: but as its weight is lefs than the
fpecific gravity of a fphere of folid iron of the fame diameter,
the expreffion D 4* muft be diminithed in the ratio of its
a&ual weight to its weight when folid ; which w.ll then nearly
give the abfolute penetration to be compared with that of
-the fhot. - -

218. Thefe experiments having been made with a s4.inch
bowitzer and r = 12 for the refiftance of the air to a 32 Ib. thot,
the remaining velocities of the fhell fired with proper eleva-
tion to firike the butt at the different diftances are inferted in
the fallowing table, and alfo the correfporiding relative pene-
trations, fuppofing the thell to be falid and the butt eafily pe.
netrable.

Relative
The velocity with which the thell impinges. penetrations.
. Yards, Feer,
Shell fired clofe to the butt 472 5§ x472?
At the diftance of 340 364 5% x 364*

At the diftance of 680 286 53 x 2863

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 : '

Relative

penetrations.
Yards,
Shell fired clofe to the butt 2359
At the diftance of 40 — 1404
At the ditance of - 80 == 869

Oa
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" 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

yords defiroyed by a thell,
Fired clofe to them  — [3
At the diftance of 340 —_ 3

At the diftance of 680 —_ 2

219. To derive from the howitzer fhell the falleft effels,
it fhould burft in the midft of a body of troops, and its power
of movement be quite exhaufted in paffing through the ob-
ftacles it meets with before it burft.

To determine the effeds of the fphnters, let fomne how-
itzer fthells burft in the midft of 2 number of dead antmals
and their effe@s be carcfully oblerved. The refalt
will prove that the fplinters of a thell w3l not pefs thew
the thickeft par's of 2 man’s body; and & ® bxr® a-
midft of 2 number of men, not mrye than forr of “Arfe
neareft to it will be wounded: by 2dng » the pfihle
effe@s of the thock (218, thofe of the £irters, we il £
certain how many men can be kiled ar womnded by 3 2o
itzer fhell.

Number of men kiTed o moarded.

By e facxk Er ‘e fuvk
Yaorz=.
Fired clofe to them s - 3
At the diftance of = 3 —_ 7
Atthedilinceof  £icz 2 —_ 5

The nomber of mn womde: md tizmet »i' 12 ey,
if the leail refidmng carts cf Z1e am a2 Ircx - w wig 2
marked in the e o€ e “or.
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a flone, or the fuze be extinguithed by falling into foft

ﬁ':-ound, its effects will by no means equal the eftfects of the
ot.
221. The remarks on the penctrations of fhells compared
- to fhot will precifely apply to the length of therr refpeciive
richochets. That the firft graze of the (hell and fhot may
be at the fame diftance, the howitzer muft be more eievated
than the gun; the thell confequently will not fo eafily reach
its deftination, the angle of incidence bring lefs acute its
force will be more deadened by the fall, and its richochets
thorter and fewer.
" 222. To afcertain the effelts of 'a howitzer loaded with
cafe fhot equal in weight o the fhell, it fuffices to remark
that the initial velocity of each ball is equal to the inital ve-
lacity of the fhell (207): which being found by cxperiment,
and a round or cafe thot fired at the fame angle of eleva-
tion, the penctrations of the balls may be eafily determined
Szos). Suppoie the balls be projeéted from different di-
ances, then on comparing the relative penetrations with
thofe in the preceding table (205), or wich others produced
by velocities lefs than 1450 feet, it will give the ratio be-
tween the effe&ts of cafe fthot fired from a howitzer and a
gun. The initial velocity of a fhell fired hurizontally 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.
63 — 803 _ 138
3t - 640 - 59
1 - 444 - 6

On comparing this with the former table (205), the pene-
trations of balls projetted 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: g4 nearly: and at the diftance of 170 yards, as 138:
4624 ; oras 1:33nearly.

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 thould be likew#y eftimated. To
this end, the relative fituation of the tr againft which
they are fired muft be confidered.

guppofc a howitzer and an 8 pr. to be on the fame plane

with
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with the enemy and equally diftant from them; the num-
ber of men in the firft rank ftruck by the cafe thot from the
howitzer and by that from the gun will be in the ratio of the
bales of the two cones, that is lefs than 3:1; each man
ftruck by the howitzer, will be touched by more balls than
one: but when the enemy is drawn up in very'deep order,
the cafe thot from the gun will make more havock, as from
the greater velocity, it will pierce a whole file; and the
greater the diftance, the more will its effe&s exceed thofe of the
howitzer, on account of its greater remaining velocity=V. To
make tbe comparifon cle.rer, fuppofe circumftances the moft
advantageous to the howitzer; viz. that at 170 yards, it
firikes triple the number of men; under this fuppofition, its
greateit effects will be to thofe of the gun as 3x 138:4642 ::
1511,

224. Again, if the enemy be drawn up on a rifing ground
in form of an amphitheatre, and fo near that each ball ma
firike one man; the effe@ts of the howitzer will be to the
8 pr. as 8: 1and to the 4 pr. as 6: 1: but if three rounds of
cafe thot be put at once into the 8 pr. it will regain its fupe~
riority, the number of balls being then equal, and the initial -
velocity of thofe projected from the gun, being greater by

1459

(200) than of thofe projected from the howitzer ;

they will range farther and do more execution: the 8 pr.
is therefore to be preferred. It was thewn in the former
part of this wotk, that there is no danger of the gun burft-
ing, if 3 cafes be fired at the fame time; and this has been
fully confirmed by experience. On comparing a howitzer
6 diameters of the muzzle in length of bore, and a com-
mon 4 pr. charged with 11b. 100z. of powder; the latter,
except when the enemy is very near and drawn up on an
amphitheatre of hills, will be more deftru&ive than the
former. If the length of the howitzer be curtailed, the dif-
ference will be flill greater.

22%. [n conftructing howitzers, that from the great fize
of the chambers may proje&t fhells with a greater initial ve-
locity and from the increafed diameter contain larger fhells,
the preceding reflections fhiould be had in view: the car-
riage and the wheels, for inftance, thould be made firon
enough to refift the greatet efforts of a large quantity o
powder. But when the fhell is projeced with twice the
mitial velocity fuppofed in the courfe of this compatifon,
the howitzer will yet be inferior to the 8 pr.

226. There

e
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226. There are particular cafes however, where the how.
#tzer may be very ufeful ; as in the attack of pofts where the
enemy is perfe&tly covered from cannon fhot: the fhells from
the curve line that they-defcribe may then be of excellent
fervice ; or, in the attack of towns or villages, where large
quantities of ftraw, hag, faggots, or other combaftible ma-
terials are depofited. Some pieces of port fire compofition
may be put into the (hell, which on burfting will commu-
nicate 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
i the attack and defence of places. .

1. In afortified town, when the cafemates or capo-
nieres are too narrow to admit guns of the come
mon length ; howitzers are then preferable to fhort
guns of cylindric bore, as the explofion of guns of
large calibre foon deftroy the embrazures.

2. To prevent as much as poffible the inconveni-
encies arifing from the fmoke in cafemates and capo-
nieres, and yet be able to proje& cafe fhot 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 pierrier guns formerly in ufe.

3. In the attack of ploces, 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.

CHA AP 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
thortened, that the fhells do not fall with more force tthh:fn

q
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thofe proje&ted from 13 inch mortars; they are moreover
very cumberfome and hezvy. .

22q. 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- conftru@ed with fufhicient
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 {maller
mortars : their figure being®the fame, their longeft ran-
ges are nearly in the ratio of 4:5. Of fhells of the
fame conftru&ion, 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 wili 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 conta& with a hard body, they may not
break before they explode: by diminithing the interior ca-
vity of the fhell, the force of the thock and its refiftance to
the explofion are much increafed. ’ A

230. Our anceftors, in eftablithing the proportions of
fhells, conceived that the thickeft part fhould be oppofite to
the fufe ; that from its fuperior weight, it might always come
firlt to the ground, and in ftriking againft hard boedies be
lefs liable to break. Hence they fuppofed alfo, that the
thell, though buried in the earth, would always burft, fince
_the fufe would remain uppermoft ; but experience has proved
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
compact foil which ftops any communication between the
fufe and the external air, the fire is foon fmothered and
extinguithed, When the fufe is not driven far enough in}t}o

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 fhell, it may reach the ob-
Je& 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 initial velocity of a fhell in-
creafes in proportion to the charge; hence to obtain the
greateft initial velocity, the chamber fhould be filled with the
firongeft powder, a tompion of wood placed immediately
over it, and both the tompion 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 maore abundant and elaftic. An increafe
of elevation alfo adds to the initial velocity, even with equal
charges ; fince from the greater refiftance oppofed to the ex-
plofion in this pofition of the mortar, the fluid generated in
‘t’he chamber acquires, before the fhell begins to move, greater

enfity.

Th):: fame effects do not take place in mufquets, though
fired at different clevations ( Treatife on Powder).

To prove that the initial velocity of a fhell is modified by
the elevation ; fire the fame mortar with two equal charges,
but at different clevations ; for inftance, at 70° and 20¢ : the
fhell will range much farther at 7¢° than‘at 20°; though,
from the theory of projedtiles, fired in wvacwo, the ranges
fhould be equal ; and fired in the open air, the fecond fhould
be the longeft. By varying the charge of powder in the fame
mortar, it has been found, that there is a particular e!evation
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 theory of projetiles many have ima-
gined thould be the cafe. The elevations that give the
Jongeft ranges, differ very fenfibly in two mortars of different
calibres, but of fimilar proportions, charged with a quantity
of powder proportionate to the weight of their refpe&ive
thells, and the fize of their chambers.

232. It is evident, therefore, that a knowledge of the
various circumftances that conduce to the effectual ufe of

mortarg
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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 fiege, of leaving the direction of mortar batterics
to the bombardiers, a particular form of inftruction has been
exprefsly made out for their ufe, calculated for unfcientific
men, that they may be enabled to do their duty with pro.
priety and effet. 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, deftroying 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 projeted with juftnefs, without much regard to the
force of the. thock ; this may be attained by obferving the
following inftruions, which are within the comprehenfion
of every man. The bombardiers thould pradtife with 13
and 10 inch mortars of the common conftruttion; 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 affe&ts 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
befieged town and the barteries are in the fame plane.

2. They thould be made to obferve that a difference
in the form of the chambers in mortars of the fame
calibre, indutes a neceffity of altering the elevation,
and alfo affe@s the range; apd 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 fhould be taught always 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 varietics 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 (hell.

P 4 As
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4. As a difference in the quality of the powder,
in the moifture and temperature of the atmofphere,
confiderably affects the ranges, they thould be taught
to make allowance for thdfe circumftances, by cle-
vating or deprefling the mortars ; by increafing or de-
creafing the charge.

§. They fhould fire at a butt with the degree of
elevation that gives the longeft range, and increafe or
diminith the charge till they firike the objeét : this will
convince them that lefs irregularity enfues 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 §o°
the more irregular are the ranges.

6. When the objet is to fire at troops or enfilade
works, it is better to lay the mortars at fmall 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 projeét the
fhells with juftnefs, 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 fervice,
in order to determine the fituation of the mortar, its pro-
per charge and elevation ; that the fhell may impinge on
the obje& with the greate(t poffible 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 projeltile has in
each point of this curve, the dire&ion and quantity of com-
pound velocity at each point muft be found. For this pur-
pofe itis neceffary to have a fcale of the fpaces paffed through
in times of unequal movement (170, 172) from whence
may be deduced the fcale of correfponding velocities : then,
to afcertain the diretion and quantity of compound velocity
at the point B, in the perpendicular line B P, make B E equal
to the correfponding velocity at this point, of a movement
BP unequally accelerated 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 impulfion AP ;

. then the right line H B will expre(s the direétion and quan-
tity
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gty of ;ompound velocity, which the fhell has at the point
168). :
g 35- From the conftru@ion (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 ;
which in praflice 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 direction 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 contrary, when the mortar is fired at a very
fmall elevation, the angle formed by the dire¢tion of
the (hell and the horizon, can only become a right
angie, in a point L far diftant from the horizontal line

a
236. Thf formula m V x b parepd (178) ferves tc:
exprels theforce of the (hock of a (hellagainfta 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 fhell 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 expreffed by m V
=mx BH is greater than its force at the point F,
becaufe B H is greater than CF,

2. If the fhell at the vertex F firike at right angles
a vertical plane, it will impinge with all the force ex-
prefled by m V =m x C F; fince in this cafe, the quantity

. a
a being equal to the whole fine, the expreffion
s €q . P whole fine

P2 reprefents
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reprefents unity : on the contrary, if the thell at the
point F meet a horizontal plane, a=o0; in this cafe,
there will be no fhock, and the fhell will roll upon the
lane.
d . If the fhell ftrike the point B in the plane Z ;
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=a of the
angle of incidence H B Q: wherefore, if the fhell in-
fiead of ftriking the horizontal plane B Q,, ftrike
the inclined plane 1 O, the force of the fhock will be
lefs; and will be in the proportion of the right fine of the
angle of incidence HBI to the fine of the angle
HBQ
4 If two fhells be proje&ted from two mortars of
different calibres, but of fimilar proportions, fired with
the largeft quantity of powder, and with the fame de-
gree of elevation ; the largeft thell will have the moft
force in the correfponding points of the curves, owing
to its fuperior weight, and greater compound velocity
(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 thock of the leaft
fhell 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 obje& ; and that the
curve defcribed by the fhell, be at right angles to it at
the point of impact.

2. To 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 object and its proper elevation.
238. It is obferved, that the curve defcribed by fhells
does not always cut the vertical plane of the obje&, 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

projeQed
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proje&ed from the eprouvette-mortar, when it reaches the
vertex of the curve, defleéts either to the right or left, though
it be very denfe, and its furface very fmooth. The deflec-
tion of fhells, whofe fpecific gravity is lefs, and centre of
gravity diftant 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 fufe, from the rotation of the fhell
round its axis, defcribes a kind of picciloide.

T'his defle€tion does not much diminifh the force of the
fhock on a flat, but on a convex fuperficies its effets are
very confiderable; for, however fmall the defle¢tion may be
to the right or left, the angle of incidence inftead of being
right, becomes very acute. This circumftance merits a
more particular examination :

239. 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 (hould 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 velocity 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 objeét; infomuch, that if the fhell on reaching the
vertex of its curve, meet a horizontal plane, it will roll
upon it without penetrating (236). This firft fuppofition is
the moft favourable to the effect of fhells, the vertical plane
cutting the plane of the object at right angles ; and the given
fuperficies being generally of great extent, the mortar may be
placed. fo, that the fhell 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 obje&t, and l;he proper elevation for giving 2

3 di
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direct (hock, muft be determined from a knowledge of the two
unequal movements that form the curve (170, 172); and the
initial velocity produced at a certain elevation, known by previ-
oufly firing a few rounds to alcertain the quality of the
powder. But it the law of the two unequal movements
cannot be obtained, the officer muft have recourfe to the
treatife on curves, and their greatef} am litudes; 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
velocity of the fhell increafcs in proportion to the greater
elevation of the mortai : by properly combining thefe cir-
cumftances, he may, without removing the mortar a great
way from the objelt, procure an oblique thock of greater
force than the dire&t fhock that could be obtained at a
greater diftance with a lefs initial velocity ; fince the greater
the diiiance the lefs will be the elevation, and the lefs, of
courfe, the ‘initial velocity. Under this fecond {uppofition,
deflections to the right or left do not much diminith the
force of the fhock, buta very (mall error in the amplitude
is fufficient to prevent the fhell from impinging on the ob-
jet; fince thefe plancs, in the direGtion of the mortar,
are of no great extent, and from taeir inclination, the thocks
would become fo oblique, that the end propofed could by
no nieans 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 fhould be placed as near to it as poflible,
that from the higher elevation, the thell may have a greater
velocity ; and 1in the direction of the keys of the arches,
that notwitr landing any fmall variation in the amplitude,
thzy may fhil be of fervice: the leaft deflection will be
futicient to render the thock, which fthould be dire&, very
oblique. Again, if the fuperficies be convex, in form of a
doine, the tlightelt error in the direction or range will greatly
dininith the fcrce of the thock 5 fince this fuperticics declines
on ~very fide from the perpendicular : wherefore, it is of all
others the moit disticult object to ftrike with a direct thock.’

242. Wien the officer has determined the beft fituation
for directing the mortars againft the cbjects he propofes ta
bombard ; he wili inform the bombardiers of the proper
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 execute with
precifion and efficacy the order they receive.

243. In bombarding military edifices, the fhells may fall

on folid works of mafonry, built vpon arches, or on foft
{ubftances, 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 calemates, and by their explofion to over-
turn the counterforts, and fhatter the walls.
. ., Arches conftruted on the principles laid down in the
firft ana fecond books of Military Architecture, are capable
of refilting the mott violent fhocks 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 counterforts fhould be fo proportioned, as
not only to refift the preffure of the vaulted roofs, but every
fhock to which they may be expofed from fhells.

244 All the effet 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 hefore it burfls, particularly when caft of brirtle
iron. But if the arch be not firmly fupported, the counter-
forts not fufficiently 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 torincrcafe the fhock ;
(Treatife on Moving Bodies) in all thefe cafes the fhells
will produce the defired effetts. A fhell on penerrat-
ing a brick arch, makes a hole nearly circular, if the
bricks be of a good quality : but if from the negligence or.
ignorance of the workinen, the materials be bad or badly
worked up; or if owing to the climate, they have not
acquired a fufficient 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 thc:rfn,(elvcs without daing any tnatf:-l
o 4 ria



232 OF PROJECTILES."

rial injury, if the earth has been properly prepared (Military
Architeture). Arches of this kind will fuftain no damage
from 10 inch fhells, nor will the building be much fhat-
tered if the counterforts are of proper dimenfions : the only
danger is that the explofion of the ihell may carry off a
part of the circumjacent earth ; fo that by a number of fhells
falling on the fame fpot, the top of the arch may be entirely
uncovered, and, in the event, pierced through. Thofe that
wilh to enter more particularly into the conftruction of mili-
tary edifices, to enable them to refift the force of fhot of
fhells, may refer to the fifth book of Military Archite&ure,
where the fubject has been fully difcufled.

‘A TREA-
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A
TREATISE
ON THE
SERVICE or ARTILLERY
IN

T I ME orF WAR'.'

o

1. IN all well conftituted governments, the arfenals
and places of ftrength are furnithed in time of peace with
artillery, ammunition and flores of all kinds, fufficient to
check the fudden incurfions of any of the neighbouring pow-
ers;; without incurring any unneceffary expence, or pur-
chafing any articles that are of a perifhable nature. Hence,
as the peace eftablithment of troops is fmall, and the maga-
zines are unprovided with many things indifpenfably requi-
fite for the fervice in time of war ; whenever there is reafon to
apprehend its approach, new levies are made, provifions and
ammunition purchafed, the magazines filled, the fortifica-
tions repaired and mounted with cannon, carriages for tranf-
porting ftores and baggage provided, and a corps of officers,
non-commiffioned officers, and drivers formed for taking
care of the horfes belonging to the ficld-trains of artillery.

The proportion of each is regulated by the nature of the
eountry, ard the kind of war that may be expeéted; whe-
ther offenfive or defenfive ; in the capacity of principals, or
auxiliaries ; whether the fcerie of operations be in an open

champaign
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champaign country, or in one interfe&ted by rivers and canals,
or divided by impenetrable forefts, extenfive morafles, or
lofty mountains. :

2. The flores to be depofited in the magazines during
peace, confift principally of thofe articles that are difficuit
to procure in time of war, or that require much time to
manufaéture and prepare; as arms and iron work of all kinds,
fhot, fhells, .and every thing that muft be brought from
foreign countries : deferring the colle¢ion of thofe that can be
procured at home, or are liable to be damaged by keeping,
as wood, linen, &c. till the eve of the declaration of war.

3. Taking it for granted then, that the arfenals and places
of ftrength are abundantly provided with every thing requi-
fite for carrying on a war of any continuance; that the
royal corps of artillery is fufficiently numerous; and that
the non-commif(fioned officers and foldiers are fully acquainted
with the inftru&ions compiled for their ufe in 15703 I pro-
pole in this work, to enlurge upon the principal duties of
the fuperior and fubaltern officers, that the cadets having
thereby an opportunity of knowing the duties attached to
each particular ftation, may be enabled to afcertain what may
be expeéted from them on every emergency.

4 The objedt of an artillery-officer, in the time of war,
is to derive the greatefl joffibie advantage from the z:{e of can-
wom, mertars, fre-works and mines. ['he knowledge requi-
fite for attaining this may be confidered as two-fold: the
one has refpect to the planning of enterprizes, in which artillery
is employed; the other is folely confined to the executive

art.

P 5. Inthe planning of every enterprize there are fix points to
be previoufly confidered. The firft is its nature and obje& :
is a fortrefs for example, to be attacked or defended ? to con-
fider, whether the attack can be beft carried on by regular ap-
proaches, by affault or blockade; and in a cafe of defence,
whether the greateft efforts of the garrifon thould be exerted
at the beginning, or referved for the latter end of the fiege;
whether the ground will admit of countermines being ufed
with effet ; or whether the fortifications be of fuch a con-
ftruttion, as ta enable the garrifon to difpute the ground
wich by inch with the befiegers.

. 6. In the fecond place, an officer fhould be well grounded in
the principles of fortification and tactics, as well as in the
theory of artillery; and fhould be matfter of the pratice in

every
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every part. There are certain particulars that ought to be af-
certained, before 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
artillery may be adequate to every objet 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
vitory 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 reduion 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 proje& 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 ineffe€tual and be produttive of nothing
but confufion. A certain number 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 laftly, to render the event fuccefsful, all acci-
dents capable of deranging the plan fhould be carefully
guarded againft. In this, refpe& muft be had both to the
obje& itfeif and to every collateral incident. If it be ins
tended, for example, to difpatch a convoy of artillery by
land; a fufficient number of pioneers and carpenters thould
be fent forward to mend the roads, and repair 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 fhould be provided with trufty
guides, perfettly acquainted with the country; and every
precaution taken by the officers commanding the fcvcrgé 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 conftru&ion of the
firlt battery at a fiege will determine from obfervarion, whe-
ther by dire& firing, he fhould endeavour to difmount the
enemy’s artillery, and beat down the defences; by richochet
firing, enfilade the works and harrafs the befieged ; or by
firing with red-hot thot fet fire to the buildings.

He will, in the fecond place, reconnoitre the ground, that
the battery may be erected on the moft advantageous 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 employihg cvery
thing to the greateft advantage, that the battery may be con-
ftructed in the beft manner, and in the fhorteft fpace of time
poflible.

Fifthly, he.will divide the workmen into different partics,
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 every precaution to guard againft mif-
takes in throwing up the works, or cutting the embrazures
during the night; and to prevent the feveral detatchments
from miffing their way, or interrupting each other in tranf-
porting the ammunition, &c. to the battery. The fubaltern
and non-commiffioned officers will infpet the condu& of
the workmen, and take care that they do their duty.

12. The circumftances that arife in the execution of an en-
terprize frequently induce a neceffity of deviating from former
fytems, and fometimes even of varying the wholz difpofition
to the great embarrafiment of young officers: they (hould there-~
fore be pra&lifed in the folution of different problems beft cal-
culated for exercifing their inventions, and obliging them to
have recourfe to their own minds for refourcesin cafes of no-~
velty and difficulty, but which yet require inftant determina-
tion and execution. Suchis the path trod by all military men
that afpire to eminence in their profeflion; and fuch is the
road by which officers have arrived at ditin&ion and re-

nown.
The
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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 fervice in the field.

FIRST PART.

OF THE SERVICE OF ARTILLERY IN THE ATTACK OF
ForTiFiep Towns.

L]
13 b ; HENEVER atown fortified according to rule
is intended to be taken by fiege, the obje& of the befieger is
to make a breach; which may be effeted by the means of
heavy artillery, or of mines: and the execution, in either
cafe, refts with the royal corps of artillery.

CHAP. L

OF THE FIRST DIsPOSITIONS TO BE MADE FOR BEk-
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 commander in chief, or the general offi-
cer charged with the diretion of the fiege, fhould 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 arc moft attackable;
with the advantages and difadvantages attending each att;ckl;

oth
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both with refpect to the works and countermines, the nature
of the foil where the trenches muft be opened, and the feve-
ral heights and hollows in the vicinity of the town. He
thould likewife be informed of the enemy’s force; viz.
whether the town be protected by an intrenched camp,
or left folely to the exertions of the garrifon: if it be amply
provided with -artillery, provifions, ftores and cafemates ; i
the garrifon be fufficiently numerous; and whether com-
pofed of veteran troops or new levies; if the governor be
in high eftimation for his military talents: if the town be
populous, and whether the inhabitants are well affeted to
the garrifon, and of a martial or pacific difpofition. The
commanding officer of artillery (hould be likewife acquainted
with the nature of the country, through which the ftores,
&c. muft be tranfparted ; as the difpofitions that ferve for
tranfport by land will by no means anfwer for water car-
riage.

15. Butif it be impoffible to colle& fufficient intelligence
to regulate the quantity of artillery and ftores, the proportion
muft be formed on the general principles of attack. On
his arrival in camp, the engineers fhould, impart to him the
obfervations they have been able to make on the place and
its environs ; and the commander in chief fhould commu-
nicate whatever intelligence he may have reccived 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 that the laft convoy muft take to reach the
camp fhould 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 flores be fufficiently acquainted with the place
and its environs, he fhould afcertain (according to the fun-
damental maxim of all befiegers) agzainft which front the
attack can be made, the leafl expofed and with the greatef
expedition : and examine whether the fiege can'be bet 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 atrack will be fimilar. By the aid of this invefti-
gation, the quantity and quality of ftores wanted for a fiege
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
number and calibre of the pieces of ordnance, is 10 deep
up conflantly a fire fuperior to that of the place.

The following are the particular rules for the obferva-
tion of this maxim, in the firft part of the dire&t 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 exceed by a third
at lea’t, the number that the garrifon can bring to bear
on the atrack, 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,
fhould exceed by a fourth at 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 (hould never be lefs than
three.

4- Each of the works attacked fhould be enfiladed by
at leaft three 10 inch mortars, when the obje&t is to
difmount the enemy’s artillery ; and, by perpetually an-
noying them, oblige them to abandon their works.
But if the baflions be cafemated, the mortars fhould
be 13 inches in bore, and the number increafed.

§. As the richochet firing may be ftopped for fear of
incommoding the workmen in completing the third
parallel, two or three royal mortars (hould 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 likewifc 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 neceffary for the fecond is then refolved on; making
ufe, for this purpofe, of the guns planted in the firlt ere¢ted
batteries, which ceafe firing when a lodgment is effected on

the creft of the glacis.
19. This.

75
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19. This artillery (17, 18) is only defigned for firing
againft the front of the attack ; but if there be any objeits
within the town expofed to the fire of the befiegers, the
ordnance mult be proportionably increafed. If the barracks
and the magazines, for inftance, can be cannonaded, a pro-
portion of 32 prs. fthould be deftined for this fervice; 36 prs.
will be fufficient for beating down the houfes, &c. and 8 prs.
for projeting red-hot (hot to fet fire to buildings. When
the barracks and magazines are covered from cannon-thot,
but not fecured from fhells, the number of 13 inch mortars
for breaking through the cafemates fhould be increafed :
in cafc the roops or fiores are lodged in the common
edifices of the city, 10 inch mortars will fuffice for the bom-
bardment. 3

20. The number of rounds fired from each gun and

mortar again(t the front of the attack ; is eftimated at 60
rounds a day. From the damage that may be done to the
batteries by the fire of the place, the accidents that will ine-
vitably happen, and the occafional fufpenfion of the firing,
this calculation is feldom exceeded ; it may therefore be con-
fidered as the expenditure of every gun or mortar mounted
on the batterics, from the day they are opened till the end
of the fiege.
21. ’%ﬁe calculation for the guns intended for firing
againft barracks and magazines, (19) is from 250 to 300
rounds a gun for each 32 pr. when the diftance is fhort,
and the line of direction nearly perpendicular to the obje@s :
but for longer diftances, and very oblique direions, 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 !nftitutions, with regard to the effe¢t of cannon-fhot
on walls. Large thells are the bet for penetrating cafe-
mates ; to produce the full effe@, the mortars fhould be
laid between 35° and 45°% and the fhells projeGted with the
greateft mitial velocity fhould fall perpendicularly to the
plane of the object. '

22. The number of gun-carriages and mortar-beds, as
well as fpare arricles 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, when
the fiege is expecied to laft about a month ; the proportion
is increafed for longer ficges.

o Thae
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The number of beds for each mortar is likewife 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 pioneers, and for making
falcines and gabions, are regulated by the works that are
intended to be thrown up ; whether lines of circumvallation,
or only approaches and batteries on the front 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 eflimated at I of the weight of the thot for
Jarge guns, and half of the weizht of the fhot for guns of
fmaller caiibre  The common charge for 13 inch mortars,
including that of the fhell, is 12]1bs. of powder ; 61lbs. for
the 10 inch mortar, and 3:lbs. for royal mortars ; the charge
for the flone mortar is 4lbs. of powder, and for hand gre-
nades, 370z.

23. When artillery, fores, &c. are tranfported by land,
oxen, horfes, and fometimes mules, are ufed for drawing
them. The weight that two oxen will draw on tolerably
level ground, is about g cwt. two horles 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 concentrated than
in common carriages, five pair of oxen are harneffed to a
16 pr. mounted on it’s carriage, weighing 301 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 weight of 23 cwt. and a full Joad for one
of the ftrongeft, 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 pafs through: to determine the number,
the fize of the boats muft be known, and the foundings of
the rivers ; as the freight of each mult be proportioned to
the depth of water. '

24. To exemplify the above maxims, let us fuppofe ; -

1. A fortified town NN (P, 1), is to be befieged in
form: that the nature of the fuil is favourable for
carrying on the approaches, and confiru@ing the bat-
terics ; and that the adjacent country is level, and

ncither
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neither particularly advantageous nor difadvantageous
to the befieger.

2.-That the works are reveted ; the revetements
of the common thicknefs ; the height of the body of
the place about 40 feet; and of the counterfcarp, about
20 feet ; the profiles juft, and the works mutually flank-
ing each other; no countermines, but cafemates and
magazines covered from cannon-thot; and an amplk
provifion of ftores of all kinds.

3. That from 56 to 18 guns may be mounted on
the faces A, B, of the baftions in the front A B that is
attacked ; and the fame number upon the four faces
C, D, E, F, of the ravelins.

. That the garrifon is fufficiently numerous, com-
po?ed of veteran troops, &nd commanded by experi-
enced and gallant officers.

25. The firlt ftep towards making out the proportion of
artillery for laying fiege to the fuppofed fortrefs, (Pl, 1) isto
draw a plan of the attack ; and then determine the number
and nature of the pieces of ordnance, on the principles before
laid down : the following will be the rcfult ;

T wenty-four 32 prs. tor the royal battery G.

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 o
inches, to be diftributed in the batteries L, N.

Twelve royal mortars to be placed in the fecond parallel,
for covering the fappers in the third parallel, when the richo-
chet firing ceafes.

Six ftune-mortars to be placed at Q , in the third parallel,
to annov the befieged in the covered way.

26. Upon the fame principles may be computed the quan-
tity of artillery neceflury for the fecond part of the dire&
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 guus
on the baftion Q_ which covers the ravelin P.

Eight 32 prs. viz. five for battering in breach the baftion
from C, and three to be planted in the battery O.

a Six 32 prs. for tiring from D againft the upper and lower
lank R,
Three
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_ Three flone-mortars to fire from the battery E 3gaint
the ravelin P.

Three ftone-mortars to fire from the battery F again(t
the flank R, whijch covers the breach N in the baftion gn

Eight 13 and 10 inch mortars to fire from the battery G
againtt 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
troaps that defend the ravelin P,

Eight mortars of djfferent calibres, to harrafs from the
battery H the troops that defend the baftion Q ; and pre-
vent them from throwing up intrenghments. )

According to this calculation, the artillery ufed in the
firft part of the arrack, will be amply fufficient for the fecond.

27. The number of rounds for each piece is determjned
by the duration of the fiege. In the cafe in queflion, the
greatet number of days that the bagteries will be open, .
will be nearly as follows ; ’

Pl, 1.) The batteries G, H, K, L, M, N O, twelve days,
he royal mortars in the fecond paralle], ejght days.

The flone mortars at Q_in the third parallel, fix days.

(Pl 2.) All the batteries conflruted for the fecopd pary
of the attack, eight days.

28. The following is a proportion of ftares for carrying
on a regular fiege, under thefe circumftances (24): the
whole fs fuppofed 1o be fupplied from one depdt, and tranf-
ported to the fene of action, in carriages drawn by oxen
along level and well made roads. This ftate will allo ferve
as a rule for ranging each article, in the clafs to which it

Properly belongs.

Qa2 State
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State of Artillery, Ammunition, and Stores of all kinds, for

laying regular Sicge to a fortified Town N N.

No.of
No. and Nature of No. and Nature of CGusm-  Pairs
Qrdnance. carriages. of
’ R Cxen.
24 Heavy 32 prs. carried
" on 24 block waggons,
with draught chains cesssnensasnnene erreessnernces 192
for 8 pairs of oxcn to y
(7<) | WP

24 Heavy 16 prs. mount-
ed on travelling carri-]
ages with limbers and b wiveicisisscsisnienin 120
draught chains for 5J
pairs of oxen to each
12 8 prs. mounted on
travelling  carriages,
with limbers and two
pairs of oxen to each

00000000 000ecaseeessotecseseote 24

60 Guns. 36 Carriages for 32
prs. with limbers
and fide arms at } 72
2 pairs of oxen
each .vveveeen
12 Spare carriages,
with limbers for
16 prs. and 36
fets of fide arms
6 Spare carriages
with limbers, and
18 fets of fide
arms for 8 prs
54 Carriages.
Carried upon 7 block
carriages with draught
chains, for § pairs off " 35
oxen cach  ..eeereenene.

I2

6 Stone mortars
4 13 inch ditto
8 10 inch ditto

Carried over 461

No.of

Carts,

—

12 Royal
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Pairs of
Oxen.
Brought over 461
No. and Natare of Ordnance.
12 Royal ditto, carried in
2 common carts, with} R |
2 pair of oxen each
30 Mortars 6¢ Mortar-beds at 2 to each mortar 22

—

60 Sets of fide arms for the mortars 1

Spare Articles.

4 Block waggons, at 2 pairs of oxen each .. 8
24 Whecels thod with iron for 32 and 16
Pr. carrxa' €s coee
12 Wheels fhod with iron for 8 pr. and( 2
block ditto vcvereveniinriieiene it cersaens -~

100 Axle-trees for carriages of all forts ... yO
200 Spunge-ftaves for gUNs ccoerismsisbeiennes 4
100 Sheep-fKins for fPUnges emcssssissisnss 1

Shot, Shells, and Grenades.

28800 Shot for 32 prs. at 1200 rounds a gun,
and 40 to each Cart aeeceeereneriencnennecann 720
17280 Shot for 16 prs. at 720 rounds agun, 6
and 8o to each cart ...t } 21
7200 Shot for 8 prs. at 600 rounds, and 16o

10 €aCh CArt  voevcecercaccrnnisnnsennensencsncoseansanans 45
2400 Cafc-(hot, half for 32 prs. the other for
36 PIS.  recririrnnnennnncnns
4800 13 mch fhells, at 1200 rounds for eachi 686
mortar, and 7 fhells to each cart ...........

9600 10 inch fhells, at 1200 rounds for cach} 640
mortar, and 15 fhells to each cart ......

11520 Royal fhells, at 840 rounds for each mor-} 288
tar, and 40 fhells to each cart ......

12000 Hand grenades, at sooto each cart ........ 24

Carried over 3187

Q3
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22

12
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720
216
45

45
686
640
288

24
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Pairs of lCnrn.
Oxen. !
Brought over 3187,2716
Shot, Shells, and Grenades continued.
5500 Fuzes for 13 inch mortars)
11000 Ditto for 10 inch ditto ...{Packed up in
13000 Ditto for royal ditto ........ fandbags ...§ 3| 12
. 35000 Ditto for hand grénades ..
4000 Bottoms of wood for the flone mortars ... 16| 16
4000 Balkets for ditto 40| 40
Machines and Cordage. |
606 Hand-fpikes .ccovevirnncnnene, torernsnessessnerarensann 10{ 10
400 Coins .o 8 8
10 Long levers with horfes ......... SET—— 3 3
8 Gins complete S
2 Capitans with ropes
6 Hand jacks ..eeoeeeee e B
6 Ropes for guns, 25 fathoms each  ........
3 Ropes for gins, 15 fathoms each P
20 Double flings ... - !
100 Ropes for tying the ammunmon upon 12 12
the waggons, 8 fathoms each ..............
100 Drag ropes, 10 fathoms each .......
26 Cwt. of cordage for tying and packmg 4l &
Ammunition.
‘5922 tholebarrels of corned powder, viz. ... 647| 647
ewt.  grs. Jbs.
2635 1 12 For 28800 rounds from 32 prs.
at 104lbs.
790 2 24 For 17280 rounds from 16 prs.
at 5¢lbs. [
305 1 20 For 7200 rounds 2 nchochet, at
1lb. 100z, 4dr. ..weee.
527 © 16 For 4800 rounds for the 13 inch
mortars, at 12 Jbs. 4 ozs. 12 drs.
including the charge for the fhell
Carried over  3945(3474
Ammunition
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Pairs of
Oxen.
Brought over 3945
Ammunition continued.

cwr  grs. b, .
562 1 4 Forg6oo rounds for the 10 inch

‘mortars, at 6lbs. 8 0z. 14drs. ...
337 1 9 -For 11520 rounds for the royal}
thortars, at 3lbs, 40z. 7drs.
146 1 20 For 4000 rounds for ftone mor-}
tars, at 4lbs. 10z. gdrs. .
21 3 24 For 12000 hand grenades, at
. igoz. 4drS. e
or the infantry, at 3 of an oz.

512 2 ©
for each mufquet cartridge ........

LY

being in the proportion of .1, of
the whole  .....vceeicerecnnennsnenneney.

91 0 © 8: mar:ch e R 10
1830 o o mufquet balls including g1 cwt.

3 of piﬂof1 bullets ..gg} 200
350000 FINtS ot ccasenrensnsnenesesene
660 Oil-cloths for covering the powder and
match . }

o

Various Articles.

2000 Oak planks for the platforms wa..cccceeressses 200

1000 Sleepers for ditto 50
3000 Fir planks for the frame of the gallery of
defcent into the ditch owumernsemsssscieoren §  7°
500 Beams for ditto A 30
40000 Sandbags 16
s0o0o Ballaft bafkets 33
150 Cuiraffes with cafques for the fappers ...

£ Cwt. of greafe for the axle-trees and the
9 laboratory } 10

Carried over 4576

Q4
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Pairiof

Oxen.

Brought over 4576

Iron.work and Nails,

54 Cwt. of iron of forts for the wheels and

axletrees of gun carriages  .o..coeeceenee 6
36 cwt. — Of forge iron in bars and tods  eeeeese 4
gewt, — Of fleel  onivmvervinirinnianccisens
29 cwt. — Of nails for wheels ..oiiniesesesianns

ggcwt. — Of nails for platforms  wecevveensere ¢ 10
5cwt. — OF nails of 40 tothelb. wwvueeienuens
ewt. — Of iron Wire  wweammmssrns

Atticles for the Laboratory.

36 cwt, — Of mealed powder ..occcoveemmemmsumssuasenee
36 cwt. — Of refined faltpetre ... R .
18 cwt. — Of flowered fulphur  .ecconmneesesssresises .
45cwt. — Of tar ceenicsisssnnssnsneens: assesonsons
45cwt. — Of pitch oevvvsennsenenne teesssessnnsasssnnass
4 cwt. — Of packthread ...
3 qrs. 8 oz. Of common thread -
gewt. — Of flax  covveecenncsseenee Packed in
3 grs. Of fine tow  cocveseeeenee o boxes }
gowt. — Of glue  oerccrcecnisenens
3qrs. — Of yellow wax — ceecveees
2 cwt. 2 qrs. Of wax candles ...
1246 Yds. of barras ... .
12,6 Yds. of linen and cotton clot
10 Reams of fine writing paper  ......
10 Ditto of COMMON PAPEr cevvcrerensussessessnansues
40 Oil=cloths for covering the above articles

VRV K

N

———

Carried over 4624

oma—

Carts.

4105

1Q

win P

l

4153

l

Inftruments



IN TIME OF WAR.

Brought over

Inftruments for the Laboratory and work- fhops.

3 Mealing tables with treftles  ....cvivvvernnisuritnns
40 Wooden troughs for mixing fufe compofi- |
tion €000 100ecacstsarvens rttractacsirsesvoe Veserssescane
20 Heavy mallets for fixing fufes
40 Setters for driving ditto  ..c.cecvvsvinencancens
60 Dirifts for ditto weecueceunierinees -
35 Ladles for ditto
24 Small bruthes for glue ....cccvncverrcrsrenenn.
24 Tin funnels of different fizes for loading)
thells and grenades
so Rafps with handles
so Drawing knives ...
6 Sieves of hairor fine filk ...comrvueennenens
6 Hand faws ...
12 Pair of fciffars of forts  eecvencreecseennee
30 Augers and gimblets  ccvecinnninensneenene
6 Handfcrews veer
12 Gouges  .veneinineciiennen:
4 Pair of pincers
150 Tin meafures of different fizes ...........
150 Can-hooks for thells
100 Quadrants ...
1000 Pricking wires .c.ccveccnceeencsnnssnssennrees
100 Lanterns of forts
60 Wire fieves ... ores
1 Bench for carpenters  ..cccocecencieisennerinnen
6 Buckets
30 Palls s sssesssnaens
2 Large melting pots with iron trivets ...
2 Small ditto
6 Small axes
12 Hand bills

esecscessen

249

Pairs of | Carnz,

Oxen.

462414153

Steels, flints matches and tinder boxes .cuieeseent J

Carried over

463114160

Intrenching
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Pafrs
of
Oxen.
Brought over 4631
Intrenching Tools.
s000 Pick-axes of kinds ............
10000 Mattocks with helves, fuppoﬁng the:c arc 100
no lines of circumvallation to conftruct
600 Spades with helves [
"300 Axes of forts -
1000 Hand bills } 25
Tools for forty Miners,
20 Iron mallets
200 Jumpers and gads  w.ccoiicineicincnenennenns
20 Hammers with heads and pomts U
20 Cutting hammers erensrss } 3
40 Trowels -

20 Small fpades for cumng cemnatsanan sensensesens
2 Searchers in feveral pieces  umerinsceseanee

Tools for thirty Carpenters.
10 Crofs :cut faws )
20 Commaon ditto
30 Broad axes "
20 Hammers

10 Sledge ditto ... .
150 Chiffels and gouges.of forts eeccvissseneree & 4
300 Augers.and gimblets
6 Hand wices
10 Iron crows .
6 Planes 1

g0 Pairs of pincers . J

Carried over 4768,

Carts.

4160

100

25

|

4297

Toole
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Pairs of |Carna,
Oxen.

Brought over 4768|4297
*Tools for ten Blatk{miths

1 Fol"ges complete, with anvils and ftocks ... 2| 2

20 Pairs of forge tongs of different fizes .......)
8 Nail borers -
15 Hammers ..couvcnnicicccinninnsnncsonincsnnenne
; 8 SIedge ditto ... sereente 3 3
40 Files of forts ... :
2 Benches with beak irons and vices .ueneeen
2 Prefles
Spare carts and oxen with eachconvoy ...  87] 4%
linnatl c———y

Total 4860[4350

s e

"The minets tools contained in this inventory, are for worke
ing under grourd, and piercing the wall of the counterfcarpy
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-hardenred at the
points ; fmall iron fcrapers for clearing the holes ; needles
for charging them ; common iron crows of different fizes 3
picks pointed with fteel; cutting mallets with fteel edges;
and mallets with cafe-hardened points.

29. Should it be intended to atrack two fronts at once
the quantity of guns, mortars, ammunition and 1o0ols 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 conftructed of hard turf, goo or 1000
twt. of powder mauft be added to the quantity in the inven-
tory: fince after having made openings in the revetement with
cannon fthot, the miners muft be introduced for the purpofe of
making practicable breaches; and the number of rounds al-
Yotted for the mortars in the fecond parallel muft be aug-
mented by about 3, that the garrifon may be continual
harraffed till the operations of the miners are compleated.” 1f
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
guantity intended for the diret firings from the firft batte-

ries,
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ries, that a conftant firing may be kept up againft the de-
fences of the place, while the miners are bufied in exploring
the countermines : with two ftages of counterinines, the
number of rounds for the mortars muft be dcubled, and at
lealt four times the quantity of powder provided for the
attack of the countermines, together with planks and joifts
for the fhafts and galleries. When there are no out-works
- on the front artacked, the artillery and ftores defigned (28)
for the atrack of the ravelin may be omitted. If the pro-
files of the out-works are too narrow to admit of cannon,
the 16 prs may be left out of theinventory : as the fire from
the 1o inch mortars will in this cafe be futlicient againft the
ravelin. :

30. Thefe obfervations have reference only to the place
ftfelf : but there are others to be made on the nature of the
adjacent country, and the choice of carriages for the tranf-
port of ftores. If the fortrefs be fituated among mountains,
where it is difficult or perhaps impofiible to ufe wheel-carri-
ages, a greater number of capftans with ropes and pullies,
both fingle and double, muft be provided, that every neceffary
article may be brought forward by men. If the {uil be fo
rocky. as not to furmifh a fufficient quantity of earth for the
conftruction of the batteries, a proper number of facks filled
with earth and wool wmuft be tranfported to the fpot.

If the town be furrounded with rivers or broad canals,
fome wooden or leather boats with their apparatus (houid
be provided, together with a large quantity of treftles and
every other thing requifite for conftruing bridges, for the
paffage of the artillery and ftores, and for keeping the com-
munication open between the feveral parts of the attack, If
the flores be tranfported in boats or waggons, the oil-cloths
for covering the powder, match, and other combuftibles,
thould be much larger than when they are carried on beafts
of burthen: when the Jatter expedient is adopted, firong
nets muft be provided for holding the fhot and fhells ; the
weight put into each package (hou'd never exceed 11 cwt.

31. When the whole or a part of the ftores for the fiege
is drawn from any fortified town, it ought to be as far dif-
tant as pofiible from the theatre of war; fhould it of necef-
fity be a frontier town, the commanding officer of artillery
ought to fignify it to the perfons at the head of his depart-
mert, that the ftores he has taken away may be inftantly
veplaced ; left from fome accident, the fyftem of the war be

fuddenly
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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 perfeitly good will anfwer very well
for richochet firing and for battering in breach : when there
are any fuch, therefore, in the town from whence the ftores
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 commanding officer of artillery may by fkilful and judi-
cious arrangements employ them very ufefully, without detri-
ment tothe fervice, yet greatly to the intereit 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 fo far
protra&t the fiege, as to render the fupply of ammunition
inidequate to the reduttion of the place, the commanding
officer of artillery thould give timely intelligence to the perfons
charged with fupplying his department, that the operations
may not be retarded or fufpended.

32. Thefollowing return thews the leaft number of officers,
non-commiffioned 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 affiftant

Captains  .ccveeerees smisinicsssrsnsesseninee 12
Subalterns  cuvcreimissscnerseresinnne 36
Serjeants and corporals ...ceeveene g2
Bombardiers and gunners ............ 700

. 840

SapPeErs  suvecirnesmesenennisereinssns 80

Miners  cooeeneecennee esensreasressssessnes 40

Artificers for laying platforms and o
bridges . 4

Total 1000

" Befide thefe, a detachment from the line muft affitt the
bombardiers and gunners in conftruding the batteries, and
working
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working the artillery ; and a few fteady intelligent men pick+
ed out for carrying on the fap, With one flage of coun-
termines, the number of miners muft be increafed to 8o,
and with two to 160. The infantry muft furnith fome fit
"men for working under ground, and building the frames of
the fhafts, branches and galleries,

CHAP I
Or Convoys.

33 TH E tranfport of arrillery and flores is either by
land, or water: in the former cafe, a rendezvous is appointed
for all the carriages, and the roads are put in repair; in the
Iatter, the boats are collected at the place moft commodious
for embarkation. ’

8o foon as the commanding officer of artillery has re-
eeived orders from the general to forward the guns, ftores,
&c. contained in the inventory previoufly concerted between
them ; he difpatches an experienced officer to the camp, the
moment he hears that the place is invefted, to choole a
proper place for the park ; and when the convoy marches by
land, he detaches one or two fubaltern 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 (ake
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 effe&ted, new ones
muft be made fufficiently broad and ftraight. A fteep road
is lefs inconvenient than a winding one ; the difficulty in the
firft cafe being furmounted by dividing the flores into a num-
ber of carriages ; but in the fecond, from the fhort turns,
the guns muft frequently be dragged on fleighs by the fol-
diers with the affifance of ropes and tackles, with great la-
bour and much lofs of time.

35. Bridges, for the paflage of heavy artillery, are made
either with beams, treftles, or boats. Should there be &

neceflity
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neceflity for pafling without delay a deep ditch lefs than 20
feet in breadth, fix or feven beams may be taken from the
neareft houfes or villages: when there are none within reach,
fome trees meafuring 4 or 5 feet in girth thould 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 g inches
in thicknefs ; and the furface made fmooth with a coat of
earth or turf. If no trees large enoogh for this purpofe can
be found, or the ditch is more than 20 feet wide, a firm and
fubftantial bridge may be made by placing a treflle 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 fubje® 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 pot of well-feafoned tim-
ber that fquares from 8 to ten inches. Their height above
the furface of the water thould be at leaft 3 feet, and the crofs
piece that forms the head 12 or 14 feet long: the diftance
between 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 timbxr, 7 or 8 inches fyuare, called
baulks, are laid on the treftles, and the ends nailed down ;.
the whole breadth from outfide to outfide of the baulks is
from 10 to 12 feet, and over them are two layers of planks
or chefles 11 inch in thicknefs, and 12 or 14 feet in length.
‘W hen the timber is green, the thicknefs thould be increafed
by +; and, inlieu of planks, any wood that is 4 or g inches
thick may be naiied on, and covered with turf or earth as
betore-mentioned (35).

37. If the river be fubje& to frefhes or very deep, the
bridge is made of hoats faftened 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. andfu.

cet
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feet long ; a fecond layer of planks 1} inch thick, and ro
feet long is Jaid tranfverfely. The pairs of boats thus
faltened together are placed at 8 feet diftant from each other,
joined by baulks 6 or 8 inches fquare and 10 feet long, nailed
down to the gunncls, and covered with chefles as before,
‘To every two boats there is an anchor, and a cable from each
to hold them againft the fiream ; and when from its great
rapidity this is found infufficient, a fheer-line from each
boat is made faft to the banks of the river. Rails 4 feet
high are placed along each fide of the bridge for the fafety of
pafiengers.

If the river be navigable an opening is occafionally made
in the bridge, by placing the center pair of boats almolt con-
tiguous to thofe on each fide, and joining them by baulks
that are not nailed down ; thus, they may be eafily removed
to give a paffage to any boats or veficls pafling up or down.

To render the bridge more- fecure againit {wells, large
ftakes are driven into the bed of the river, at the places where
the anchors lay, and the boats are faftened 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 filled with combulftibles to fet fire to the bridge,
a ftrong iron chain fhould be ftretched acrofs the river, and
fupported by ftakes at about 1# foot above the furface of
the water.

38. When the bridges are made, and the roads repaired,
the train of artillery, &c. fets off, divided into feveral con-
vovs : for if the whole moved at once, the line of march
would be nearly 17 miles; fince cach pair of oxen takes

. up at leaft 1o feet, and cach carriage about the fame. The
diftribution (hould be made into four parts ; this will enable
the officers to pay more attention, will render the march
lefs troublefome and tedious, and they will be more amply
fupplied with provifions and forage on the road.

In the firft convoy thould be fent the intrenching tools
of a!l forts, that the troops may proceed to throw up lines
and open the trenches, together with every article belonging
to the laboratory, and a certain proportion of fhells and
powder ; that the laboratory may be inftantly eftablithed,
and the neceflary preparations made for the enfuing fiege.

The fecond convoy fhould be compofed of the guns
jntended for the royal battery, the mortars for the fecond

_ parallel,
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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
ftores that will be fooneft wanted; and the fourth fhould
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 kept di&in&, and without con—
fufion : at the head of thé line of arillery, fhould be a
waggon carrying a gin and hand jack, with proper ropes
and rackles, in cale anv of the guns are overfet ; the guns
fhould fol'ow nex: on the block carriages, and then their
carriages, ftores, &c. in the order laid dov.n in the inventorv.

The drivers are divided into companies from 40 to 60
each, under the direétion of a canduétor, who has the
charge of the carts, and is refponfible 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 alfo divided
in as many detachments cs there arc convoys, and the-
command of each is given to the eldelt officer ; who pre-
vious to the march, gives the neceffary direions to his
fubalterns. When there are guns in the convoy, he pofts
the molt experienced non-commiffioned officers and gunners
on the flanks, to direét the drivers in the turnings and hol-
Jows of the roads, that the carriages may not be overfet
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 rempinder
is divided into three parts ; of which one forms the van-
guard, the fecond the rear-guard, and the third is diftri-
buted in a fingle file from front to rear, to prevent the line
of march from being broken. A non-commiffioned officer
and fome privates fhould be 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 afemoly, when
the drivers barnefs their oxen ; and at the third fignal, the
convoy moves in the order 1{:e:’ore.-memioncd. At the

/ fict
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firit fignal, the quarter-mafter with the camp-colour-men
and a waggon-maller, goes forward to the place where itis
intended to halt, in oider to prepare quarters and forage, and
choofe a fpot for parking the urtillery 5 it ougat to con-
tain all the carriages drawn up in a fquare, leaving between
each file a fpace fufficient for harnefling and unbarncfiing
the oxen. T'he park is formed as talt as the carriages ariive ;
and guards pofted for the fatety of the powder and ftores,
and to prevent the defertion 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
furnith rounds and patroles during the night, and allow
no perfon to avnproach the park, unlefs fent by the com-
manding ofticer. The famc order of march is refumed
the next and following days, till the convoy reaches its
deftination ; never moving more than 14 miles a day, efpe-
cially with oxen. To prevent confufion, the drivers are
obliged to keep the fame place during the whole march;
and for the fake of punilhing irregularity, each carriage is
numbered, and the driver wears a ticket in his hat.

40. When part of the fiures are carried on beafis of
burthen (23), in making up the fcveral convoys, they thould
be kept totally diftinét rrom the carriages; and the officer
who goes forward to mark out the park, (hould pitch or
one or two houfes for lodging the ftores, where they
may be ranged in their feveral claffes, and the powder and
other articles effe€tually fheltered from rain. If no theler
can be found, fome mules laden with planks and fleepers
thould march zt the head of the convoy, to make platforms
for keeping the articles that mav be damaged by wet, from
touching the ground; and oil-cloths with which every
mule ought to be provided, fhould be laid over the
whole. :

41. When the astillery and its appurtenances are to be
tranfported in boats, fome fkids fhould be laid under the
guns and mortars, and fmall floors made of planks for
fupporting the thot, fhells, match, &c. always lecaving a clear
fpace in tie middle of the boat for bailing.

The itores are tranfported in waggons from the maga-
zines to the place of embarkation, which fhould be fpa-
cious crough to admit of many men being employed at
the fame time, without confufion or danzer of mixing
the forcs of different fpecies together, ;
When
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- When thereis a fufficient number of boats, the whole
fhould fet off at once, and form but one convoy ; but when
from the fcarcity of boats, feveral trips muft be made, the
© preceding direions for .land-carriage fhould’ be attended
to, and a detachment of artillery fent with each. convoy,
. reinforced, if neceflary, 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 ih
chief, to the officer who was fent forward to the camp (33)
the carriages which that officer has provided are ready to
receive the guus 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 fhould affit in unloading the boats.

42. It is taken for granted, that the country, through
which the convoy is to pafs, 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 ; accordin
as the danger feems more or lefs preffing. ‘The train o%
carriages, &c. thould be drawn up if poffible 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 accel-
fible points fortified with pallifadces or abbatis.

43. The neceffary difpofitions to be made in marching
through a fufpeéted country, may bz 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 withit for its pro-
tetion.

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; thil fuppofes but one convoy : if there be feveral,
this corps muft advance to the Renemy, follow their motions,
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and keep them in check, till the whole have paffed. When
the line of march can be covered by a large river, this
route fhould be preferred, though it may be the longeit.
The third method is when the efcort that marches witli the
convoy is firong enough to repel any attack of the encn.y:
the artillery fhould in this cafe contribute iowards it’s own
defence; it is neceflary therefore to enlarge a little on this
head. '

44 In openchampaign countries, the van and rear guards
confift of cavalry; the infantry, which is the main part of
the efcort, forms the centre. Butin a ftrong country in-
terfeted by rivers or canals, by forefts, moraflts, ravines,
or defiles, the number of infantry is increafed, and the
cavalty diminifhed, by fubftituting in their place dragoons,
who occafionally aét as cavalry or infantry. If the route
lie through a mountainous country, the efcort is compofed
folely of infantry. :

The command of a numerous efcort is generally given
to a general officer, who makes the following difpofition
previous tg the march, that every perfon may know their
. pofts in cafe of attack: a few hours before the convoy fets
out, he fends detachments to reconnoitre the country, and
divides his troops into four paris; the fir(t forms the van-
guard, the fecond the rear.guard, and the third, which is
tae largeft, and confilts folely of infantry, is referved for
the centre: the fourth part is diftributed in finall detach-
ments along ‘the flanks, to feize pofts and occupy crofs
roads, &c. till relieved by the rear-guard. When the road
is 25 feet wide, the carriages move two a breatft, to thorten
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 thould 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 collected 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 .cp 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
linz of carriages, the powder waggons therefore for fear of

accidents
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accident fhould 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 effect.
When the convoy confifts of beafts of burthen, they fhould
be drawn up clofe to each other, and in one line, that the
infantry may from behind them as a parapet, dire& their
fire againft the enemy. ’

Stri& orders fhoul! be given to the drivers under the feve-
reft penalties not to unharnefs before 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 fome 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 fhould be eftablithed in a
fecure place out of the reach of cannon-fhot from the town,
and as near as pcflible 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 fhops 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.a=
ber for tranfporting the guns and ftores to the batteries.

R3 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-fpikes, and limbers, to be ready
for fervice. The mortars are left upon the block waggons ;
and the fhot of dilferent diameters feparated from each
other. The intrenching tools are depofited at the park ;
the artificer’s tools fent 10 the refpective work fhops ; and
the laboratory ftores to the laboratory; the powder is
Jodged in the buildings aliotted for it; a fpace is left for
the wagoons 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; fuffeting no ftranger or idle perfon
to approach. A ftrong guard is flationed over the pow-
der magazine, allowing none to come near it but thofe
who are_known to have bufinefs. All thefe guards fhould
be surnifhed by the infantry, that the artillery- men may not
be diverted from other neceflary duties. ~ ,

47. Things being thus difpolcd, the artificers are fet
to work ; the carpenters to prepare timber for conftrufting
bridses 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 attack of the countermines; and the
{miths to repair any of the iron work that may have been
damaged.

The fenior officer of the bombardiers fuperintends the
‘laboratery.  All the combuftible articles arc lodged, the
ccmpofitions mixed, and the fules driven in the rooms
leaft expofed to accident; and the fhells and grenades are
loaded under a fhed feparated from the other buildings.
Three or tour fmall furnaces are erect.d in convenient
places for melting the pitch and glue. :

The working hours are regulated, and the greateft ho-
nelty and [obricty recommended.  The floors of the rooms
where the fufes are driven, and the compolitions mixed,
arc covered with oil-cioths : all iron tools are forbid to be.
uled ; no perfon is fuffered to brinz in fire of any kind,
nor are any of the people employed at the furnaces allowed to-
enicr the houfe: the loaded (hells zre put by themfclves.
The bombardicrs fhould reject all fplit or rotten fufes,
lell .12 fheils burtt immediately on being fired ; they fhould
be careful not to make them too thin, left they fplit in
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driving ; and to cat them of a proper length : for, when
they touch the bottom of the fhell, the head being too long,
may (ike againft the mortar when fred, and break off,- .
fo that the fhell will not burit.  The thells thould be exa- '
mined before they are loaded, and thofe rejected that do
not ftond ti:e water proof.
The fafcines thould not exceed 10 feet in length ; thofe -
of 20 feet are only ufed when the work. are intended to
ftand a long time; as they are more folid than works made
with fhorter ones.

CHAP 1V.

Or TtHE CONSTRUCTION OF THE FIRST BATTERIES,

48. TH E ohje& of the befieger, in the conftru&ion of
his firft batteries, is to difinount the cannon in the front
attacked, deftroy the embrazures, and harrafs the garrifon
fo much in the feveral points of defence, that they may be
obliged to abandon them, or at lealt flacken their fire; that
the approaches may be carried on with more expedition
and lefs danger: 32 and 16 prs. are ufed for this purpofe ;
the batteries are conftrulted with embrazures, 2and fituated
fo as to fire diretly againft the works: the edifices in the
town are likewife cannunaded from thele batteries (19).
The befieged are perpetually harraffed along the front ats
tacked, with fhot and fhells fired g richochet ; the batteries for
this purpofe are made without embrazures, on the faces of the
attacked works produced; whence they are enfiladed with
great precifion and effect.

49. There are three kinds of batteries with embrazures 3
funk, level, or raifed on cavaliers: the firft require fewer
workmen, and are fooneft made, wherefore they are always
preferred when the ground permits : thofe on cavaliers are
never erefted but t.rough neceffity, their conftru®ion 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 levcl,
the batteries may he likewife level ; and when the ground
at P, Q_is higher than at G, H, K, fo that the fap canaot
be cagried an without the {:ppers being endangered by 2\0
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fire from the batieries G, H, K, then they muft be raifed
on cavaliers. Mortars and richochet batteries (hould be al-
ways funk ; they may be made in the approaches, which
will fave time ; and they will be lefs expofed to any at-
tempts of the enemy. The mortar batteries, L, N, Q,,
dnd the richochet batteries M, O, are funk in the parailels.
Barteries for red-hot fhot may alfo te funk in fome part
of the trenches. It having been demonfirated in the trea-
tife on -projeétiles, that the path of a projeQile is always a
Curved line, whatever be its initial velocity, or length of
range, it is evident that the dire& fire mentioned above,
can only be relatively reputed fuch in practice: for, to
exprefs in few words the difference between two .lines of
projection, one of whicly is dire/2, or, more accurately fpeak-
ing, the curvature of which is but (mall, and of the other,
large; if we fuppofe the befieged to be covered by the
parapets from the former, they will be expofed to the latter.
- §0. The ohje& of the firft batterics being to difmount
the artillery that may impede the progrefs of the fap (17,
48); the fire from them (hould be nearly perpendicular ta
the faces of the woiks attacked, and at a proper diftance ;
that is to fay, from 400 ta 550 yards from'the covered way:
when at a greater diitance, the fhot will often be of no
effect ; 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 joined together, and prefent
a faliont or re entering angle towards the place ; and at other
times are entirely feparate : this difference proceeds folely
from the ciftance between the battery and place, and the

' relative fituation of the works.

(PL 1.) In this cafe, there are but three batteries with
embrazures, viz. G, H, K ; each of whicih hds two faces
prefenting a faliant angle towards the place.

If d.efe batteries were ere@ed at the points R nearer to
the piuce, the faces wouid be feparated, and there would be
fix fingle batteries R : again, if they were ereCted at S, far-
ther d:dant than G, 1, KX, there would be three batteries,
cach prefentine a re-cntering angle towards the place ; and
if carried farther back as to T, there would again be fix
fingle barteries.

Lf, 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 bg
o L perpendicular
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perpendicular to the faces of the works, muft be erected
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 fufficient to recolle&
that a crofs fire is only advantageous when the point of in-
terfelion falls on the obje& to be battered, when being
thus taken in front and flank, the effe&t is greater. The
lines of direion 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 dire&tion interfe@ each other at the point Y, yet their
effe® upon the faces A, B, is the fame as if they did not
iterfe&t each other, and were drawn from the battery G.

By hebk> of the directions given in this and the firft chap-
ter, it will be eafy in every cafe to determine the number,
fituation, dire&tion, and kind of batteries moft proper for
battering the warks, demolithing the buildings, breaking
through cafemates not conftruéted with fufficient folidity,
and cannonading with red-hot fhot; it only remains then
to point out the method of conftru&tion.

s1. In regular fieges, batteries are conftructed with faf-
cines and pickets 10 give them the requifite folidity.

So foon as the engineers have carried on the approaches
to the places where the firft batteries are to be ersfied, 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, non-commiffioned offi-
cers and gunners ; he then accompanies the eldeft of the
captains to the fpot where the battery is to be ere&ted, and
traces it out with pickets, leaving an interval of 20 feet
between every two guns; he does the fame at the other
batterics 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 cenfiru&ion of
the batteries during the night, affemble 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 is
to be raifed, the exat number of men being determined by
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the diftance from the park. At funfe:, the captain takes
the major part of the fubalterns, and « few men 10 carry
fafcines, pickets, and mallets, and nasks out the bate'y ;
making his detachment obferve the roads and turnings, that
the men who bring up the fto:es may not niittake the vav ;
which frequently happens when this precaution is negletted,
pard@Bularly if the road does not run alung the trenches of
communication, but acrofs fields and ineadowns. -\ hile
the captain is thus employed, the [uba. crus and a part of
the non-commiffioned officers return to the park': the pi-
oneers are by this time divided into fquads, and provided
with fhovels and pick-axes alternately ; they then foad
themfelves with fafcines and picke's, and each fquad with an
officer in front, and a non-commitioned officer in rear, pro-
ceeds with all expedition to the battery . a ferjeant marching
on ‘the flank to nake the men keep their files, and prevent
the line from being broken, or any unneceffary dclay.” W hen
the fquads arrive at the battery, their work is pointed out ;
one or two being referved to tranfport the reft of the ma-
terials from the park to the battery.

52. In funk batteries, the interior face is traced paralle]
to the exterior at 20 feet diftant ; and on both faces, pickets
are planted at every 20 feet to mark the centre :ind direc-
tion of each embrazure. On the interior face, 12 inches
are fet off to the right, and as many to the leit of each
picket ; and on the exterior face 4} f?:'et to theright, and as
many to the left, which gives the form of the merlon. A
trench is then dug on the interior face 21 feet 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 form 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 faces ; the {lope on both faces is a fourth part of
the height. Tn general, the merlons are not raifed above.thres
feet the firflt 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
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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 batteries are erecting, 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. :

53. In Jevel batteries, the figure is firlt marked out with
fafcines picketed to the ground, and not lefs than 20 feet
allowed for it; thicknefs when the foil is firm and tena-
cious, and 25 feet when it is light or fandy ; leaving a
5 or 6 feet wide on the exterior fide. ’lzhe worzilent:e}:-;;
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-
ened as much as poffible the firft night, that the pioneers
may the next day work under cover. The battery is feldom
raifed above 24 feet high the firt night: the merlons are
traced in the manner before dire®ed. 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 dire¢tion, and completes the tracing of the merlons
at the arrival of the freth 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 fhort. During
this night alfo the platforms are laid, and fome guns brought
to the battery, if they be covered from the enemy’s fire
during the next day. The following day and night are
employed in conftruting the powder magazines, completing
the ‘batterics, and preparing every thing for cpening them
on the third morning at fun rife. During the firft night
alfo, the communications between the flanks of the batteries,
and the neareft parallel are made, that in cafe of a fa!ly from
the town, every part of the trenches may be mutually fup-
ported.

54. In conftru@ing batteries on cavaliers, the firft flep is
to raife the ground to the fame height as the intermediate
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ground between the battery and the place. Too many
pioneers cannot be employed in this work during the night ;
but during the day fo many only as can be covered from the
enemy’s fire; and to expedite the work, the foil neareft at
hand is ufed. The breadth at top fhould be atleait 45 feet,
and the flope two thirds of the height. A berm of g feet
is left towards the place, and the dimenfions of the battery
are the fame as before directed (53). In the rear of the
battery a proper tlope is made for the drawing up the cannon,
and adjoining to it is conftrutted the powder magazine.

The battery for fchool-pra&ice 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
at a fiege, without an abfolute neceffity.

It has been advanced by fome authors, that the firft bat-
teries fhould always be erefted on cavaliers, cven if the
ground be on the fame plane with the place, that greater
part of the ramparts may be thereby difcovered : but if we
refle® how high the cavalier muft be raifed before 2 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 labour ; beiidcs, as the firfl batteries are intended
to difmount the artillery of the place, and dettroy 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 molt effect (17). Thefe bat-
teries fhould 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 neceflary : paffages of communication are
made round the rear, to prevent any embarraffment; and
the powder magazine is conftruted in the fpace between
this communication and the battery. When the richochet
Datteries 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
gons will be concealed, and may be placed clofer to the
parapets. When the fappers begin the third parallel, }]he
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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 purpofe;
fome flone mortars are brought into the third parallel,
fo foon as any part of it be finilhed. The batteries
for thefe pieces need not be faced with falcines, unlefs the
foil be fandy; it being fufficlent if they refit the fhock of
the dilcharge.

s6. The guns and mortars are drawn to the batteries
dunng the night, along the roads lealt expofed to the ene-
my’s fire : proper bridges having been previoufly laid oves
the trenches for their paffage : the horfes fhould be changed
where the ground is level, and any that are killed or wound-=
ed immediately unharneffed. - 5

If the road be expofed to the fire of the enemy’s muf~
quetry, two or threc 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 ufquetry of the place has a great com-
mand, new roads for the cannon (hould if peffible be'made
lefs fteep and expofed. In fleep and winding roads that
cannot be made practicable for horfes, the guns muft be
dragged by men : when this muft be performmed under the
fire of the place, ftrict filence and regularity (hould be ob-
ferved, .and the whole halt and move forwards at oncc,
by ﬁgnal from the commanding officer.

CHAP. V.

. OF THE DAILY SERVICE OF THE FIRST BATTERIES.

57. THE batteries being compleated, the gencral of
the trenches for the day gives an order for them to open;
and immediatel; cach battery direits its fire againft its par-
ticular obj=ct.

The richochet and mortar firing is continued, but the
dire& firing ceafes during the night. By ufing moderate
charges, loading the guns with care, and pointing them
with accuracy, the fervice will be carried on with precifion
and effe&t: for when the guns in the firft batteries are fired
with the charges that produce the longeft ranges, the object

13
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is frequent'y miffed from the violent fhock that the carrisge
fuftains, a great quaatity of ammunition is ufelefsly expended,
and the guns arc ofien 1endered unferviceable, betore the con-
clution of the liege. : v

s8. In making the dittribution of artillery-men, the fol-
Jowing is the proportion to be relieved every 24 heurs; wiz.
eight men to a 32 pr. fix to a 16 pr. 13 inch or ftone mortar;
four to an 8 pr. and 10 inch 4nortar ; and two to a royal
mortar. An officer and non-commiffioned officer are at-
tached to every 4 or 6 pieces; and when a buttery contains
a greater number, it is commanded by a caprain.

§9. T'he object of the diret firing is to difinount the ar-
tillery and ruin the defeaces, that the garrifon may be unable
to work their guns when the befieger has eftablithed himfelf
with his mufquetry in the: fecond or third parallels. The
firing from any battery (hould never be diverted from the
particular objeét againft which it is intended to any other, as
fuch defultory operations are generally inefficacious towards
the reduction of the place. The common rate of firing
from batteries at a fiege is at moft g rounds an hour from each

'gu?n richochet firing, the guns are elevated between 8
and 12°; andfired with very fmall charges, juft fufficient to
throw the thot over the parapet or into the covered-way ;
. that it may afterwards make feveral bounds: the proper
charge having been afcertained, is put into flannel cartridges;
that the powder being always collected together in the fame
manner the inflammation 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 irom grate
is fixed behind the battery; the (hot are laid in it and a
ftrong fire kindled: the proper charge for throwing the thot
-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 (hot 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
difinount
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difmount the artillery and harrafs the befieged, fhould be laid
at finall elevations, that the fhells may not bury themfelves :
and when from the fmall extent of the work to be ¢nfiladed,
this method would produce no effeét ; 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 fhould be fived at the higheft elevation and with the
largeft charges, that the fhells may produce the greatett effedt,
fuppofing they fall on a horizontal plane: but if it be inclined,
the charze muft be fo combined with the elevation as to
caufe the greaielt pollible thock. The folution of this pro-
blem may be found in the effav on vrojectiles. 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 {chool praltice will thew the fervice of flone

“mortary at fieges ; the thowers of ftones 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 fire as poffible from the batteries againft
them, bring fome of the guns to the flanks of the battery to
cover theadjoining parallel; and ufe round or cafe-{hot accord-
ing to circumftances.  There are frequently fome field preces
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 poffeflion of the batteries; the artillery men fhould
difcharge all the guns, and carry the fide-arms into the paral-
lel in the rear, left the enemy turn the guns upon them.
But thefe enterprizes cannot te of long duration, for as foon
as the befiegers advance in force, the garrifon will be com-
pelled to retire; the artillery-men fhould then inftantly re~
turn to their batteries; and in the firft place examine the
magazines to fee that the enemy have not concealed any fire
in them ; they thould then recommence their fire againft the
troops of the fortie, and when the action is over repair any
damage that may have becn 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 effe&s 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 idcas ?n
. . the
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the future condu& of the fiege: he will vifit the' batteries
again in the afrernoon, taking with him a ftaff officer; to
take notes of what ammunition will be wanting for the cur-
rent fervice of the following day, and what cafe-fhot and
flannel cartridges, to enable the batteries to keep up a very
tlofe fire in cafe of fallies: he will alfo examine whether the
magazines of the centre and flanks of the fecond parallel be
provided with cartridges and flints for the infantry. On his
return to the park, he will dire& the articles that are to be
fent to each battery to be feparately prepared; and delivered
over to the non-commiffioned officers and privates detached
in the evening to receive and conduét them ‘at clofe of day,
along the roads that lead moft direétly from the park to their
refpective batteries.

CHAP. VL

O¥ THE SECOND AND THIRD BATTERIES.

63. IT being the obje& of the fecond batteries to make
praéticable breaches in the works, they (hould be combined
two and two together in fuch a manner, that while one bat-
ters in breach tie other may piay on the defences that cover
the breach. The fecond mortar-batteries will be properly
difpofed, if while one bombards the work that the befieger
intends to give the aflault 1o, and prevents the garrifon from
throwing up intrenchments within it, or at leatt retards their
conftruétion ; the other directs irs fire againft the works that
defend the breach : fo that the gamrifon may fromn the conti-
nual thower of (hells be compelied to abandon the defences ;
or, if they perfift i remaining, be expofed to great lofs,

64. When the trenches are advanced under the fire of the
firlt batteries far enough to eftablith the batieries in breach,
the artillery-men will conitru& them on the poiuts whence
their fire may the moft fpeedily and effeGtually vender the
breaches practicable.

If the profiles of the works be advantageous for defence,
and ther¢ be no commanding points, the batteries in breach
aad the collateral batteries nult be ereed on the creft of the
glacis; but if there be a rifing ground, whence at leaft half
of the circuit of the place can be feen, and any points nearer

{4}
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to but lower than the works, whence they can be battered
with effect, as in the cafe of the place being built on an
eminence and much expofed ; then the batteries in hreach
thould be ereéted on thele points and collatera) batteries efta-
blithed to deftroy the defences.

Each battery fhould be erected 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 abliquely. The fervice of the mor=-
tars will be moft exalt, when their batteries are perpendiculac
to the faces produced of the works that are to be bom-
.barded; thofe for the ftone-mortars thould be eftablifhed in
the moft advanced lodgements, taking care that the ftones
from their preading 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 erect 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 conftrutted on a [yflem of
demolition, or with double baitions: he myft deterinine on
the fpot from actual obfervation, whether there be any readier
or furer 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 oppofite to the part
MM of the face of the ravelin in which a breach is to be
made, and fome guns might if neceffary be placed at I to
bear on it obliquely ; the collateral battery B is direftly 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
in 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 D oppofed to
the flank R. :

The face MM of the ravelin and the flank R are cnfiladed
from the mortar battery G; and fome ftone-mortars are
placed at F and E, to projeét ftones into the flank R and
the ravelin P, and jnterrupt 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 lge part Q_that covers the Kreazh

’
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M M: finally, the mortar battery H enfilades the facé N Q,
as well as the interior of the baftion.

- If there be a cavalier, tenaille or faufle-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 battions and ravelins,
the batteries in breach thould be conftrutted 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
being ere¢ted on them. Thus, batteries fhould be ereted at
A, B (Pl 3.) to open a breach at CC correfponding to the part
KK of the face of the ravelin; and other batteries at D, E to
open a breach at F F correfponding to the part LL of the face
of the baftion. The collateral batteries fhould be ereted
agreeable to the preceding maxims; oneat G to bear upon the
flanking part I ; and another at H to bear upon M. When
the béfieger after getting pofieflion of the counter-guards,
, finds himfelf under the neceflity of conftruting 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-
ter-guards are fo narrow that the guns cannot be brought up
through the breaches CC, F F to the refpeCtive 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 collaterar 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 tha
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 conftruted on the creft of the glacis
are always funk, fince the lodgements made there form a
parapet. It thould never be lefs than 20 feet thick ; and for
greater folidity the interior part fhould be faced with fafcines.
The diftance between every two guns is 20 fect, independent

\
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of the traverfes of which there fhould be feveral to prevent
the batteries 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 ereGted
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
markfmen to be ftationed at proper places behind fand-bags
or gabions, to keep up a continual fire on the parts whence
the artillery-men are moft annoyed. Wahile the batteries are
ereCing, 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 adry 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 js
narrow and fteep, tke guns muft be dragged by men.

69. The batteries for making breaches thould fire day and
night, dire&ting their fire againft the foot of the wall; and
afterwards againft the counterforts: fince the earth foon.
crumbles down, when the counterforts that fupport the wall
are beat down. A wall not very thick and folid is fooneft
demolifhed with fmall charges and an oblique dircétion ;: on
the contrary, the charges that give the greateft initial velo-
cities fhould be ufed againft walls of great thicknels, provided
-there be no danger of the guns becoming unferviceable before
“the conclufion of the fiege. It will be likewife proper to fire
Jalvaes, 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 folid revetements. The collateral
battcries 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
) S 2 work

s
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work their guns. When this fervice is ce2ually performed,
their fire is dire&ed againft the other parts of tlie pzreper 1o
deftroy all fhelter for the enemy, and the whole is teconded
by a brifk fire of mufquetry from the befiegers, that the ar~
tillery-men being covered may fire with greater juftnefs and
precifion. The fecond mortar-batteries will fire’ day and
night according to the former dire&tions (63, 64).

70. The third batteries are conftru@ed in the lodgments
made in the outworks, and the fame precautions taken as
during the conftruction and fervice of the fecond bitteries to
cover the artillery-men from the fire of the place. 4

“When there are no outworks but ravelins, and the enemy
feem determined to defend the breach in the baftion to the
laft extremity, fome guns fhould be brought, into the lodg-
ment made in the gorge of the ravelin, to bear on the breach;
or a mortar-battery conftructed, to fire inceflantly into the
baftion, to prevent the garrifon from throwing up intrench-
ments to protra&t the fiege. Should the curtain be covered
by a tenaille or other works, a battery muft be confiructed
in the ravelin to fire againft it. \

When the baftions are double, or conftruéted 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&t a third battery to demolith
the interior work, when it can by this method be effeéted in
" lefs time than by mining. .

Fic. III. Should the profiles of the counter-guards admit
of it, the third batteries may be conftru@ed 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 battery in the ravelin or battion,
But with narrow profiles, the parts CC, F F, muft be bat-
tered from A, B, D, E, till they are fo completcly bem
dowl; tll.:\at KK, L L, can be battered in breach from A,
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 of the work.

The greateft difficulty met with in completing the third
and fourth batteries, particularly when conftruéied on the

counter-
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counter-guards is in-getting up the 32 prs. which from the
narrownefs and fteepuefs is a very troublefome and tedious
operation, fince they muft be dragged by men.

C H A P. VIL

Or TuE ArTAack oF COUNTERMINES.

S 71 HITHERTO the befieger has been fuppofed
to conftruét 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-
blifhment of the batteries will be a very arduous undertaking ;
fince in this fubterraneous war the advantage lies on the fide .
of the befieged. That the fecond and third batterics may be
ere@ed in proper fituations, and the fubfequent operations of
the fiege not retarded by the fpringing of the countermines,
one of the firft obje&ts 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 purpofe; by rendering the air unfit for
relpiration, by throwing into them various compofitions that
emit an infupportable fiench and fmoke of a fetid and poifon-
ous nature; by making a few fougafles 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 beficged 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& plan
of the countermines; and being, when he has no plan, under
the neceffity of feelinz his way with extreme caution and at
great hazard; here follows a general idea of each 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 fiream of water may be made to flow
into them, this expedient will be the moft eafy and effectual.
‘To this end, the pioneers are employed in digging a proper
¢anal ; while the miners di\s'idcd into fquads are fearchi?g
3 : or
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for the principal galleries, either by finking fhafts or maki:ng
flopes in the glacis; and the inftant they have difcover
;)ne, they make an opening to turn the water of the canal
nto it,

#3. If the countermines cannot be inundated, the readieft
and leaft dangerous way is to attack therh at the entrance,
which is known to be in the faliant dnd re-cntering angles
of the covered way, and deftroy them: the .beficged will
be then prevented from penetrating into thofe under the
Elacis. To this end, the fappers muft effect a lodgment

tween the faliant angles of the covered way and the places
of arms : when thefe lodgments are effected, the fquads of
miners muft as expeditioufly as poflible fink fhafts a little
lower than the countermines, from 40 to 60 feet diftant
from each other, and carry on two branches parallel to the
counterfcarp and a return at the extremity of each to form
" the chambers ; which muft be well loaded, that the adjoin-
ing galleries and branches mav be entircly overfet by the ex-
plofion. If, in the courfe of this work, they meet with a
gallery, they muft immediately break into it, and throw in
quantities of fetid compofitions to make it impoffible for the
befieged to re-enter, that that they may finith their mines
without moleftation 5 they fhould be fprung as foon as
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
éarth fhaken by the explofion ; fince the labour of the miners
in working among loofe earth is endlefs, for the fides crum-
ble down as faft as the excavation is made.

Suppofing thefe fhafts to be completed and the cliambers
¢tharged, other fhafts .may be funk in the lodgments on the
creft of the glacis, particularly on the capitals of the works,
for the purpofe of more eafily exploring the enemy’s galleries
under the glacis and entering 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 fhould examine whether there be a poffibility
of the befieged returning into it. If it be poffible, they
fhould penetrate beyond the points correfponding to the
attack, and throw in fome fetid combuftibles, taking care to
retire tine enough to fave themftlves from fuffocation ; ;nd
' then
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then deftroy the communication with tools, and afterwards
with a chamber, which will effeGually deprive .the befieged
of all accefs.

When there are two ftages of countermines, and the
miners in penetrating into the upper one, find the ventilators
belonging to “the lower ftage; they fhould throw in fuch
quantities of fetid combuftibles as will render it impoffible for
the befieged to remain in them, taking the precaution to clofe
the ventilators, that they may not be incommoded by the
finell and fmoke, which in thefe fubteraneous operations are
extremely pernicious. v

»4. It has hitherto been fuppofe that the ground around
the place is nearly level : but when the fortrefs is built on a
tongue of land, fo that the front of the attack be termi-
nated on each fide by a deep ravine, the miners may then
. drive a (haft below the countermines, and thofe parts of the
outworks on which the batteries are to be ere&ed; and
make fome chambers for blowing up the works, or at leaft
deftroying the countermines : or, if the place be fituated on
an eminence, and the flope of the glacis fuch that the miners
can drive a fhaft below the countermines and penetrate under
the points where the fecond batteries are to be ere&ted, ad-
vantage thould be taken of thefe circumftances.

It thould in general be underftood, that whenever any
fubterraneous work of great exteht is carrying on, a gallery
muft be made to give a free circulation of air ; but in limited
operations, a branch which is fooner made will anfwer every
purpofe.

74. If the befieged make no attempt to deftroy the fhafts
in the covered way (73), itis a fign either that they are
ignorant of their duty, or are feized with difmay ; where-
fore, if the miners meet with any of their galleries inftead of
cinpoifoning them, they fhould enter them and advance
towards the doors that lead into the ditch ; and fupported
by a fecond detachinent proceed into the large gallery on each
fide, till they have pafied beyond the front of the agack,
and deftroyed the gallery in every part by which the belieged
can re-enter the countermines: when there are two ftages,
they fhould endeavour to defcend into the lower one, and
approach the doors that lead immediately to the body of the
place; this gallery fhould alfo be deftroyed with the greateft
expedition. Having thus taken pofieflion of the counter-

S 4 mines,
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mines, they fhould make fougafles to render all endeavoure
of the garrifon to regain pofieflion of them abortive.

26. The difcuffion of this fubject has been hitherto con-
fined to fhafts, galleries, branches, and chambers made in
firm and folid ground; but in a loofe fandy foil, the exca-
vation requires the addition of frames and planks, to fup-
port the earth along the whole of the fubterraneous work :
and as thefle operations muft be performed as expeditioufly
as poffible that the befieged may have the lefs time to deftroy
them by countermining, the fquads of miners (hould be re-
lieved every fix hours; fince in that time each man will
have had his turn of the moft laborious part of the work.
Shafts are generally made fquare, and the dimenfions of
the fmalleft are 4% feet. The galleries are 6 feet high, and
sbout 3} feet wide. The branches 41 feet high and 3 feet
wide; a return is made at the extremity of each branch for
the chamber which is of a cubical form, and in it is placed
a wooden box of the fame figure to contain the proper quan-
tity of powder; the fpaces between the fides of the chamber
and the box are filled up with clay or dung. The fauciffon
is laid in a pitched wooden trough ; and the branch and
adjoining (haft or gallery filled with bags of earth or fand,
and the angles barred with ftrong oaken planks, fupported
by crofs beams, that the line of leaft refiffance may be on
the fide againft which the mine is intended to a&.

7. The quantity of powder for charging mines, in.
tended only to fhake the ground without making any ex-
cavation, depends on the quality and tenacity of the foil,
and on the line of leaft refiltance : 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 quantity to be ufed, in a foil of fuch tenacity
as to need no frames to fupport it, in order to fhake the ground
from the bottom of the chamber to the furface, without dif-

placing it; fuppofing the powder to be of a firong quality and
weib preferved,
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Table of the Quantity of Powder, for charging Mines.
: under different Lines of leaft Refiftance.

Lines of leat  Interior fide of  Quantity of Powder for

Refiftance. the Chamber.  charging the Chamber.
Feet. Feet. Inches. Cuwr. gqrs. lbs,
10 - 1 2 - o 3 18§
134 — 1 7 - 2 o 1f
164 — 2 1 - g 3 108
20 -— 2 4 - 2 10
23% — 2 9 - 10 2 13
26% —_— 3 2 _ 15 2 27
300y — 3 6 — 22 2 1}
33% — 3 II — 30 1 16
3%y — 4 4 — 41 0 O
40 - 4 9 - S3 1 22
43y — 5 1 =— 67 3 17}
465 — 5 6 — 84 2 27d
49y — S 1 — 104 &9

78. In the ufe of this table, it ought to be obferved that
the obje@t of the befieger being to deftroy the countermines
effetually, 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
104 cwt., to which add g} 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 154 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 fandy
foils, the fame rule mutt be obferved ; as the elaftic fluid
efcaping 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 poffeflion of, to liften if the befieged make any
efforts to re-enter,

8o. The
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~ 80. The tountermines under the outworks or ditth, muft
be attacked ‘before the third batteries 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 506 or 60 feet, fhould be made near the foot of
the revetement by the battering guns ; floping even for that
purpofe, if neccffary, the 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 fhould be introduced into each hole, to drive a fhaft
into the terreplein, equal in length 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 betieged from
thence by forco'or ‘'other means.

Thefe operations are carried on under cover of an inceflant
fire of mufquetry from all the lodgements that bear upon
the ditch, to check the befieged in any attempt to deftroy the
epaulment, or difturb the miners.

81. If the attacked work be very fpacious and the be-
fieger under the neceflity of erelting batteries at the gorge ;
after having deftroyed the countermines under the breach
(80), he muft effet a lodgment in the gorge by affault;
and then by finking fhafts endeavour to cut off the commu-
nications between the countermines and the body of the
place: for this purpofe the direction given (43) for the attack
of the countermines under the glacis may be fuccefsfully
applied. While this is going forward, he (hould endeavour
by means of the fhafts funk upon the capital, or of the coun-
termines he has got pofleflion of, to penetrate into the gal-
Jeries under. the gorge of the work, and totally expel the
befieged, afcertaining by thefe means the fecurity of his bat-
xcries.

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
themfelves.

2. That it is neceffary to have an exa& plan of the
countermines ; otherwife much time may be loft in ex~
ploring them, or they may be o badly difpofed as not
to merit the trouble of countera&ing their effe&s.

CHAP. VIIL

Or THE SURRENDER OF THE Prack.

3. 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 befiegers ; 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 batterics and approaches.
When the capitulation is figned, and one of the gates of the
place taken pofleflion 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 evacuated.

84. A few hours before the garrifon marches out a 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 exad, the officer
commanding this detachment thould demand a copy of the
inventory of ftores 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 ftores muft be ‘made
out ; the guns, &c. drawn back from the batteries to the
park, and every thing prepartd for marching: the mg.‘uﬂn;
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fhould be examined, and their condition reported. The
commander in chief will dire& whether the town is to be put
into a pofture of defence, or the works difmantled : in the
former cafe, the commanding 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 works demolithed, he will lcave the
proper quantity of powder, wood and too]s, for undermining
and blowing up the works, and caufe all the artillery and
the remainder of the ftores to be tranfported to the places
affigned by the commander in chief.

CHAP IX

Or IrreGULAR S1EGES AND BLockADEs.

SS.SIEGES are termed irregular, when any of the
operations 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, direily
batter in breach the magiftral line, and annoy the garrifon in
their points of defence ; or under cover of which a lodgment
may be effefted on or very ncar the glacis, without being too
much expafed : if the garrifon be weak, or compofed of ill-
affected or undilciplined troops; the profiles ofP‘t)he works
Rot according to the true principles of fortification ; or any
weak point be dilcovered after the covered way is taken:
in any of thefe cales, the befieger is juflifiable in precipitating
matters, and omitting fome of the fteps taken in regular
fieges.
86. Thus a fmaller proportion of artillery, or at leaft of
fores, is requifite for irregular than for regular fieges: and
when before the inveftiture, the befieger is in poffeflion of
the neceflary data (s, 6, 7) he may make out with the
greateft accuracy, a ftate of7 the flores, and concert meafures,
to bring the expedition to a fuccefsful conclufion ﬂ:: TI:

. rt
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fhorteft fpace of time poffible ; which in =Stwry cperations
thould cver be 2 leading maxim. . .

[n irrezular fizzes that 2re of fhort dovssion, the bameries
for the fake of expedition 2re¢ confrod-d wish srbines
When there is a fcarcity of earth, as often Er-pers in mrows-
tainous countries, every pioneer brines 2 Bk Med wigh
carth, which are laid tozether to furm 2 parapet. o con-
ftrudting batteries on a2 rock, wool-packs are prefersiie e
- facks ot earth.

87. In beficging towns farrounded with 2 fnrle wall, or
o'd caftcs, there is feldoer 2 neceffirs for breatiny zreond,
and never for making reculer aporsackes; a Eﬂd‘htny
being genenally fufficent for makin: 2 brexck : it fhoudd be
made 1n that part of the w2l wasch beads o fome
or {pacious place, where the infantry 2:t2r the alfrmle ey drzw
up in order to attack the gasrifon, in cafe they have retired
behind intrenchments or pali:fadocs. The &fance of dhe
battery from the place fhould be about 4>0 yards; & may
be conftrutted with cafks or gabicns ranged in two rows,
and filled with earth; openiczs made in 2 garden wall or
other building, may occafionafly ferve for embrazores, and
a plank may be laid ender cach wheo] br way of plform,
unlefs the ground be firm enouzh withoot i.

88. With proper information concern—z the fate of the
place previous to its invefliture, the nuxber of attacks, 2nd
the quantity of flores requifite for cach, may be eafily afcer-
tained; thus, the garrifon being dif2ed by feveral atracks
at once, may be the fooner compdid to furrender. The
general rule is to allot four or fix 25 or 72 prs. to exch 22
tack, and 100 or 200 rounds for each :un, in proportion
to the folidity of ths works : the guarwty of mrenchimg
tools is regulated by the trencke: .tnded 1o be opened.

89. A breach is fom=times m2d= wiizn the arrclery is in-
fufficient for the purpofs, by und:rm:zinz the wall: the
miners are lodged in 2an openinz rot exyofd 10 the fire of
the garrifon, and a fhed of planks overed with fand-bags
or raw hides, ecre3ed to fhzlter them from the !m:d-f‘?:.
nades or combuftibles that the enemy m2y throw down
the wall : they then proceed to make the mines in the fame
manner as in the deniolition of places.

It there be an aqueduct or fubterraneous camai that pafles
under ‘the wall, the miners thou!d lodge themicives n it
and in the firft place, form a tarricado to fecure themfzives

againft
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againft the enterprizes of the enemy; and then in the ides

:F the canal ‘excavate one or two chambers large enough to

mpake a breach in the wall. In every cafe, the miner

be fecured againft the attacks of the garrifon, by potting 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 effeCted 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 og
ignorance of the garrifon are infufficiently guarded, or badly
conftru@ted, 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 ruth
into the town the moment the gates are 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 ftrong iron fork : the
fufe is then fet fire to, and as foon as the petard takes effe,
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 fhould be in readine(s with
their axes to cut away any obftruction.

91. Blockades are fo termed when the befieger having
invefted a place, and carried on regular approaches, fufpends
his operations either through choice or neceflity ; confining
himfelf to keeping up a fire from his artillery. This me-
thod of attack is praltifed in the following cafes :

' 1. When a town is unprovided with cafemates and
magazines : whence the befieger may have reafon to
hope that by keeping up a continual fire, the inhabitants
may be fo harrafled as to rife againft the garrifon; ar
at Jeaft, thata part of the ammunition and provifions
may be deftroyed. '

2. Whena tow&n full of inhabitants, ftrongly fortified,
and well provided with troops, artillery, and ammu-
nition, is deftitute of fufficient fupplies of provifions
to fuftain a fiege : from which circumftance, the gover-
nor may in a fhort time be induced to furrender, pro-
vided that by the inveftiture his condu is apparently
juflified.

3. When from morafies, inundations, rocks, ravines,
er precipices, it is found impra&icable to carry on the

approaches
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+  approaches in any manner likely to bring the fiege to
a [peedy termination. : :

4. When from bad roads, or other circumftances,
the artillery is infufficient to profecute the fiege with
vigour.

g2. In the firft and fecond cafe, the enginecers make
trenches of communication from different parts of the line of
circumvallation, at the diftance of 700 or 1000 yards from the
body of the place, and batteries mounted with heavy cannon are
erected by the artillery-men : each battery is inclofed in a re-
doubt of refpectable profile, and fpacious enough to contain a
guard fufficient to fecure it againft any attempts of the garrifon.
Guards are likewife pofted in the hollows or ravines in the °
vicinity of the battery; and.when the ground is level,
detachments are placed in the intermediate parallels, be-
tweén 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 general fally: but if the batteries be
covered by a river, canal, morafs, precipice, or defile, a
firong guard in each redoubt will be fufficient fortheir fecurity.

gg.gln the third cafe, (g1), the befieger muft exert him-
felf to turn every acceflible point, whence the town can be
annoyed either with fhot or fhells, to the greateft advantage,
by planting on them a proper quantity of artillery of large
calibre,

The proportion of ordnance for this kind of fiege is
rreater than for regular fieges, particularly when the block-
uded town is very large; unlefs in regular fieges, a fire is
directed from every fide on the moft populous quarters of
the town, in order to excite confternation and terror among
the inhabitants.

94. In the fourth. cafe, the lines or trenches judged ne-
ceflary on the occafion, ought to te conftruéted with a view
to their being ufeful, when an adequate quantity of artillery
arrives, to convert the blockade into a regular fiege; the
-vivacity of which muft depend on the knuwledge the befieger
has acquired concerning the firength ui the garrifon, the
ftate o? the fortifications, and the nature of the adjacent
country. :

An ariny fometimes fits down before a place of great im-
portance, in_hopes of inducing the enemy to abandon an
advantageous poft in order to relieve the place, and per-
baps hazard a general engagemeng.  The moit vigorou:

attac
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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.

95. Whatever be the motive for undertaking this kind
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 thot 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 magaziaes,
hot-thot 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 varicty of incidents
to which military operations are peculiarly liable, be fre-
quently changed.

CHAP. X.

DIRECTIONS FOR DEMOLISHING THE FORTIFICATIONS
or A CIry.

96.IT is generally deemed fufficient to demolith the
revetements of the works, and blow up the 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 thould be made at the foundation,
that the upper part of the building may be raifed and
thaken to pieces ;

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
effe 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 counterforts, chambers thould be made in them,
though they be above the furface of the ground.

4. 1'he largelt chambers (hould be placed under the
firongeft parts, where the mafonry has moft folidity and
coheficn ; as at the point of interfection of crofs vaults,
and large buttrefles or pilafters 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 lime, and the time
it has food. The cohefion of .walls raifed above the earth,
and cemented by the beit lime and fand of Piedmont and

Lombardy, is generally eftimated at 16400lbs. for every 20

fquare inches ; while that of fubterranean walls cemented

with materials of certain qualiries, as the lime of Superga or

Cajal in Montferrat, and the fand of Trchia, is more than

double. The cohefion of walls conftruéted on the coaft of

Provence and Genoa, exceeds 41000lbs. and that of buildings -

adjoining to the fea, and cemented with Pozzolana, is fre-

quently triple. : :

‘I be officer of miners, therefore, charged with the demo-
lition of any place, fhould previonily 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 16400 Ibs. and the powder very firong.
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 half 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 eafily deter-
mined.

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 interfect, and under the pilafters Q_
which fupport the fronts A B, CD, and on which the roof
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 fide
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
effe&t, 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 claffes ; 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 plane
PP (97, No. 1, 2), letalong trench be dug 1§ of the
thicknefs of the wall D E in depth as 1D B, and 31 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 moifture 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 projections or cavities in the wall where
the trench is dug, fhould be fmoothed or filled up with
well worked plaifter. The planks for blocking up the
. chamber (hould 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 CFK L, BDIM, 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
interftices (illed with clay and dung well rammed.

- 101. To
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101. 'To make mines of a cubical form in a crofs wall
A B; 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 31 feet high, 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 a box be fitted 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 croff-
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
cffe@s will be proportionably greater.

102. If the wall be more than 7 feet thick, (Pl 4,
Fig. 7) the chambers fhould be hollowed in a hemifpherical
form, in the following manner: A A is the profile of a fingle
wall ; dig a fquare pit BD CF the fide of which is 4 § feet;
then make the branch BL 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 fmooth 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 QL O on the bottom, and the other GENM on the
roof of the branch, drive between them ftrong beams R ; then
clofe the entrance BE, 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 carefuliy bringing qut the fauciffon. )

103. The figure reprefents the plan of two walls which
interfeét cach other, and exg;cd 7 feet in thicknefs : (Pl!:' 4

2 igr

.
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Fig. 8) to determine the exa& pofition of the chainber,
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 it 3 of the thickeft wall A; then the point
of interfetion 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 GH L M D, 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 layers 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 deep : 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, o that the two chambers on each fide of the opening
may correfpond. In the proper difpofition of counterforts
to fupport revetements, the ftrongeft points are at the flanked
angles ; viz. thofe of the fthoulder and flank ; the principal
chambers fhould therefore be made in thefe angles, the
others may be diftributed along the walls that forut the an-
gles. 1f the revetement be built on a rock, and of nro great
thicknefs, the number of chambers fhould be increafed and
brought 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 before defcribed, we will difinifs this fubjet for the
prefent; only remarking that in blowing up ftone or brick
bridges, the chamber fhould be made in the foundation of
the piers, or in the thoulders of the arches. It frequently
happening on fervice, that a tower or other flight building
is to be inftantly demolifhed : it may be effected by placing
in the ground flory fome open barrels of powder clofe to
. each other, blocking up the doors and windows with ftrong

planks, and covering the floor above with a thick layer of
carth ; -then fetting fire to the faucifion that cumnitanicates

with
.
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with the powder, the great refiftance oppofed by the earth
upon the upper floor, prevents the powder from a&ing up-
wards, and dire&s 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
oF PLaces.

105. TH E fcience of defence conflitutes one of the
motft effential branches of the military art, fince a few troops
are thereby frequently enabled to make head againft a very
fuperior army, to ghe prefervation of a whole country : and
as in the profecution of this fyftem, the inferior army is
often compelled to fuftain a fiege, the defence of places forms
one of the moft importart parts of this fcience. Now the
detentive fyftem 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 oblige an army which began the war
with the faireft hopes of conqueft, to change its fyltem and
a&t on the defenfive.

106. When a defenfive war is forefeen, fome of the fe-
nior officers of artillery are fent to infpeét the quality and
number of arms and ftores of all forts in the different gar-
rifons ; examine the condition of the magazines, works,
and countermines ; and take nates of every thing that may
be wanting in cafe of a fiege. o

After the infpection, -each officer makes a report in wri-
ting of the number and nature of artillery and carriages,
with his propofed arrangement of them; and alfo 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
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he farther explains the motive of each demand, and points
out the place where every article can be lodged ; diftinguith-
ing the magazines that are bomb- proof, and remarking par-
ticularly any that fhould be made fo, previous to a fiege.

An engineer is likewife detached to each fortrefs to re-
port the number of troops neceffary for its defence; make
out a diftribution of barracks and magazines; and examine
the repairs and alterations for putting the fortifications in a
proper ftate of defence, with the quantity of pallifadoes and
fafcines for repairing the damage, that the enemy’s artillery
may do to the works during the attack.

. The governor then calls a council confifting of the artillery
officer, engineer, and flaff of the parrifon ; where the me-
rits of the two reports are canvaffed, and thofe propofitions
adopted that appear conducive to the beft defence : the opi-
nion of the council is then fubmitted to the fovereign for
his decifion, who orders the neceffary mines and works to
be conftrutted, and the ftores to be provided. When they
arrive in the garrifon, they are depofited in the magazines
allotted in the plan for each particular fpecies.

107. But if a ftate be furprized into the defenfive fyftem,
the officer commanding the artillery in a place menaced with
a fiege, thould make the ftore-keeper give him an a&ual ftate
of the difpofition and condition of every article under his
charge, and immediately examine thofe that are of the moft
importance : and in his report to the governor, fhould par-
ticularize what may be wanted in addition to the quantity
at prefent in fore, 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 pol-
feffion of the inhabitants that may be ufeful during the fiege,
fhould be taken after a jult 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
government, to complete the ftores of all frontier towns on
the lcait apprehenfion of a war,

CHAP.
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CHAP L

OfF taE DisposiTions For THE Recrrar Drerexce
OF A PLACE PREVIOUs TO ITs INVESTITURE.

108. TH E firft difpolition that an officer of artillery
thould make for the regular defence of a place, is to form
a ftate of the number and nature of guns, carriages, and
flores. To do this with juilnefs and precifion, he thould
recur to the rules laid down in the former part of this trea-
tife, and be not only acquainted with the fervice of artillery
in all its branches, but capable alfo of judging in the fulleft
extent of all operations, in which the other troops of the
garrifon can bear a part; fo that every thing may be ade-
quate to its particular purpofe, without deficiency on the one
hand, or fuperfluity on the other. Thus two extremes
equally prejudicial will be avoided ; the ons of makinga
provifion of ftores infufficient for the defence the place is ca-
pable of ; the other of providing fuch quantities, that oa
the furrender of the place, a complete arfenal may fall into
the enemy’s hands.

109. The fundamental maxim in. the defence of places, .
is to retard as much as p:[hole the progrefs of the beficger,
and in proportion as be advances to multiply bis dangers and
difficulties.

To this end, the artillery-officer fhould examine on the
fpot, the natural obftacles that the befieger may have to
furmount in the attack of the works, and countermines ;
and after matureiy weighing the weak and ftrong points,
fhould confider how far the advantages of each front may
be improved, and the defe&ts remedied. Any ftrong pofi-
tion in the vicinity of the place, thould, if poffible, be ren-
dered ufelefs to the beficger; and every vulnerable part
ftrengthened by additional works. If the firft pofition that
the enemy muft from the nature of the ground take up, be
very confined, the proportion of artillery and ftores may be
made out with the greateft accuracy, and there will be good
reafon to reckon on a fuccefsful defence ; as the enemy will
of courfe be extremely circumfcribed in all his operations.
But when he is free to choofe his pofition, the artillery

: T 4 officer
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officer fhould be informed whether the artiliery the enemy
can bring up be only adequate to a regular fiege, or fuffici-
ently numerous to enable him in a few days to beat down
all the defences on the front of the attack, and keep up
fuch a continudl 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 one more extended. Thofe violents attacks
where the defences are in a few days deftroyed by the
firft batteries, and the garrifon prevented ftrom repairing
them, feldom occur but in finall places : fuch examples are
very rare in places of firength and importance ; particularly
when the enemy is obliged to bring his artillery by land,
from the prodigious number of carriages and hotfes required
for the tranfport. But if from circumilances there be reafon
to apprehend a fiege of ‘this nature, the fiate of the maga-
zines and barracks fhould be examined, and any that are
expofed to be cannonaded covered with fubftantial epaul.
ments.  When the profiles of the works are fo advantageous
thar the befieg:r muft effeét a lodgement on the glacis be-
fore he can make a pralicable breach ; the moft effe@ual
mncede of retarding liis progrels is by countermining with the
urmolt diligence. But when the barracks and magazines
are fecured ; a breach in the body of the place impraéticable
froln its beina cut out of a rock ; or, when made, is rendered
inaccellible by fome nawral or factitious obftacle ; every at-
tempt on the part of the enemy will be futile, provided the
garrifon condult themfelves properly in this cafe, where
perfcverance and firmnefs, rather than courage and exertion
a-e requifire.

111, The firlt flep towards forming the eftimate of ftores
for fuftaining a regular ficge in a fortified town, is to con-
fider what front 1s moft attackable, and what are the beft
meafures to be adopted for its defence. Bur as the befieger
may through incapacity or ignorance commence his attack
on the firongelt fide, the proportion of ftores fhould be large
enough to tuke advantage of this error; and to avoid ex-
tremes (108), the defence of the two fronts fhould be car-
ried to the fame point, either by raifing new works, counter-
mining, or dilpefing to greater advantage and ftrengthening
the old works. But if the fhortnefs of time doth not admit{

°
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of this, two eftimates fhould be made out; one for the
defence of the firongeft front; the other, of the weakefts
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 contain them : when the adjacent country is favourable
for making fallies, or conftruéting lines of counter-approach,
fome iight 4 pounders are included in the inventory. It was
the cuftom in the lait century to place fome pieces of large
calibre, refembling flone-guns or long howitzers, on the
flanks, from which, when the affault was given, they fired
cafe or grape-thot on the affailants: but thefe pieces are
now dituled, fince the befieger covers himfelf with epaul-
ments in the ditch 2nd at the breach : inftead of them, we
fire round fhot from heavy guns, to deftroy, or at leaft retard
the confiruction of, the epaulments.

113. In fortified towns confiruted on mountains or emi-
nences, the embrazures are generally made of brick or ftone,
and the curtain furnithed with guns, when it bears on any
pofition favourable to the befieger ; the number of guns mult
in this cafe be regulated by the number of embrazures. 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 flianked angle for the barbette bitteries ; the
remainder is divided fo, that there be never lefs than 20 feet
between cvery two embrazures, to give room for the infan-
try, whofe fire, when the enemy comes within mufquet thot,
is the mott effeCtual method of retarding his progrefs ; and
with lefs diltance between the embrazures, the merlons would
be foon deftroyed by the enemy’s artillery: the fame rule
thould be obferved in vpening embrazures in the outworks.

A few guns {hould be added to the above diftriburion, for
the barbette batteries on the other fronts, and for the flank's
correfponding to the attack.

114. To determine 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-
Jins, and the remainder divided into equal parts with inter-
vals of 20 feet for the embrazures ; but in the ravelin on
the front of the attack, a greater fpace is left from ehe faliant

‘ anglé
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angle for the barbette batterics, to avoid being enfiladed or
taken in reverfe on the adjoining face.

P1. ITI. With a counter-guard before the baftion 15 or
13 toifes are fet off from the faliant angle for the barbette,
2, 3, and embrazures opened at 3, 4 of the face correfpond-
ing to 5 of the barbette on the baftion, when the height of
the baftion above the counter-guard is lefs than yo feet ; but
when it is 15 feet or more, the whole face of the counter-
guard fhould be lined with cannon, in order to have two
ftages of fire ; as there will be no danger of the lower work
being incommoded by the fire of the upper one. In the
counter-guard before the ravelin, the fame precaution fhould
be attended to. Guns on the faces of horn or crown-
works large enough to contain them, fhould be in the fame
proportion.

115. T'he guns on the front of the attack fhould be of
brafs, as they ftand firing for a long time : on principles of
csconomy, iron guns may be planted on the parts whence a
very heavy fire cannot be kept up ; as the barbette batteries
on the fronts not attacked, and the points which there is
reafon to apprechend the enemy may endeavour to cairy by
affault.

116. The moft advantageous and at the fame time moft
ceconomical ufe to which mortars can be applied in the de-
fence of places, is to project ftones and royal fhells upon rhe
approaches and lodgments of the befieger. There is fo
much uncertainty in the range of fhells fired from large
mortars againft the firlt batteries of the befieger, notwith-
ftanding all poffible attention in the bombardiers, that ther
are only employed at great diftances to proje& 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 beficzer 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
cach of the batteries in breach expofed to he enfiladed.

117. The
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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 burft. The greater part of thefe
arms are mounted with locks, of which the cocks are of a
ferpentine form 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 defence of the
covered way, for a ficge of 30 days ; for one of longer du-
ration, the number fhould be increafed.

There thould alfo be a referve of mufquets with bayonets,
to fupply the place of any that may be damaged : for a fiege
of 30 or 40 days, the number in referve thould exceed by
a third the number of infantry in garrifon. Some large wall~
pieces are alfo provided for firing at a diftance againt recon-
noitering parties of the befieger.

118. There is no abfolute rule laid down by military au-
thors, for determining the 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 every 10 feet in the co-
vered way, on the front of the attack, including the two
collateral places of arms ; when the town is fortified in the
common method with no outworks but ravelins.  If the
body of the place be conftru&ted on a fyftem of demo-
lition ; the fire from the flanks command the points where
the enemy muft ere&t his counter-batteries; or there be
counter-guards before the baflions, the reft of the works
being in the common method ; ¢hen 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 5: with two ftages of
countermines ; or the body of the place conftruéted upon a
fyflem 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 gates, 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 mountainous fituations, where there is no covered-wav,
two men are allowed for every 10 feet along the magifiral
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.

119. For example; fuppofe a regular pentagon, of which
the line of defence is 134 toifes ; this gives 56 toifes ior the
faces of the baftion, and 25 toifes for the flanks; let the
profiles of the ravelins, which are fuppofed to be the otly
outworks, admit cannon. The following will be the difpo-
fition of artillery.

No. of Guns.

’ Brafi.  lIrom.
On the two faces of the baftion on the front
attacked  .ocveeerreenenn. reessnesnssnransnreserens snns snen 20 -
Qn the two faces of the collateral ravelins ....... . 12
On the two faces of the ravelin between the
Dations  ceocneeennneene e sent st anes - ; 1 -
On the barbette batie:ies and flanks  ......... .. — 18

[

Total 44 ;5

—

‘This number, defigned for the firflt part of the dire& de-
fence, will be more than adequate for the fecond part; two
or three light 4 prs, may be added for fallies or counter-
approaches, when this mode of defence is pradticable.

If the place be hexagonal with a line of defence of 134
taifes, and the flanks a little longer, two pieces of brafs and
twa of iron fhould be added to the above proportion.

Suppofing the befieger can carry on his approaches upon
the capitals of th: baftions and ravelin, and ereét batteries
in breach on the creft of the glacis ; the number of mortars
will be at leaft

Stone-mortars
Royal ditto
10 inch ditto
13 inch ditto

’-F-P (S o))

. Total 20
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The mortars always being placed under cover of the ram-
parts cannot be affetted by dire& firing: the interruption
from curvelinear projeflions may be reckoned at about } of
the whole number of difcharges that could be made from
them in 24 hours; as this is generally computed at 6o
from each mortar, it is thus reduced to 50. They may
begin to fire with eife&t 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 moft confiderable fieges, it appears that each
foldier on duty on the front of the attack, fires from 35 to
40 rounds a day: now fuppofihg 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 5o rounds a day for each man on duty, in-
cluding the allewance for forties. The 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 place for retarding the progrefs of the
befieger, and the obltacles he muft furmount before he can
ladge himfelf in the different works, muft be confidered.

Suppofe the place be fuch as reprefented in paragraph 119;
that a pradticable breach is effeted in the baftion ; and that
the garrifon is not in a condition to fuftain a general affault;
the duration of the fiege if the befieger has been a&ive and
enterprizing will have been about 40 days, viz.

Days.
From the opening of the trenches till the lodgment} 15

is compleated on the creft of the glacis ......
For conftrutting and completing the batteries in }
breach vt e et seesene
For making a breach in, and getting poffeflion of the
For making a lodgment in the breach in the baftion 4
Total 30

When there are more outworks; or the baftions are con-
firudted on a fyflem of demolition, fo that the befieger is
obliged to bring up guns through the breach to batter the

interior works, the defence may be prolonged for ro :r 12
. aysj
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days ; andeven for 23, if there be {mall mines in the ditch, to
blow away the earth and ftones, beat down in making the
breach in the baftion.

W ith counter-guards before the baftion, the furrender of the
place may be retarded 12 or 15 days: with one ftage of coun-
termines properly difpofed under the glacis, the defence may
be prolonged 20 or 2§ 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, fup-
pofing the latter to be conftru&ed on a good fyftem of demo-
lition, the defence of 30 days may be prolonged to 80 or g9,
provided the proportion of ftores be fufficient.

123. T’he number of rounds from each fpecies of fire-arms
‘having been thus regulated, it will be eafy to apportion the
quantity of fhot, fhells, grenadeés, lead and powder; allow-
ing for each charge the quantity mentioned in paragraph 22 :
the allotment of powder for the countermines is to be com-
puted from a general confideration of their number and
extent.

To this proportion fhould 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 has 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, the 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. The mortar beds, &c.
are in the fame ratio. In cafe of affault, a number of pointed
and cutting infiruments, as efpontoons and fcythes, fhould
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 combutftibles form a very effen-
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 likewile
included in the proportion of ftores.

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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op are to be depofited; diftinguifhing thofe that may be
wanted for common ufe, from thofe that can be only want-
ed in cale of a fiege: likewiie the laboratory, carpenter’s,
black{mith’s, and armourer’s fhops. In very large towns
they are generally fixed in fome buildings at a diftance from
the atiack; but in ci-adels, forts, caftles, and fmall places
which are expofed on every iide, they mult indifpenfably be
fecured in bomb-proofs. The powder magazines are the
moft important and haza'dous of all; they fhould be dry
and fecure. Duiing the fiege the powder ought to be dif-
tributed in feveral bomb-proof magazines at a diftance from
each other; that in cale of accident, the whole may not be
blown up at once; and that the enemy may not be able to
find out the quantity in ftore.  The nature alfo of the places
in which the different anticles are dzpofited thould be atiended
to: fince the powder, faltpetre, fulphur, cordage, iron, &c,
ought to be depofited in dry places; whereas the greale, oil,
pitch, candles and other articles fubjeft to melt or evapo-
rate, fhould be kept in very cool places. It being the duty
of the engineers during the (iege, to keep all the parts of the
works in a proper ftate of defence, they are to make returns
of the quantity of fpare fafcines, gabions, pickets and pal-
lifadoes, that may be neceffary for that purpofe: There is
no danger of providing too great a number of thefe articles;
for any that are not uled in the repair of the works, may be
collected together in the breach, and fet on fire; which wiil
ferve 10 prolong the defence of the place.

125. The following is a particular ftate of the quantity
and quality of the different fpecies of ordnance ftores requifite
for fultaining 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 ... wed 16 18
L8 12
Iron ditto R we 8 18
Brafs thort ditto e 4 4

Total of guns 64

——
Carriages
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Carriages of different natures for the above guns .« g6

Setts of fide-arms for dittd e veervnrvenreemersinsisnsseiens 96

Mortars  ...ucrcinrmasnrane Stone
13 Inch
10 Inch
Royal

1141

" Total of mortars

'S
o

Beds for the above mortars . v
Setts of fide-arms for ditto weereser we 40

Spare Arms for Carriages and Side-arms.

Wheels with iron fireaks for carriages of different calibres 36
Iron axle-trees for ditto .viuereecsvcrsncnscisinsencsssssensss 30
Cheeks forcarriages  wunccmimennimiimemsmme 24
Spokes for wheels  ...ccvecrsrennsene 200
Staves for [PUNEES  ...ccurrernrecrmssnrirne cmasensasesisisessiseiones 100
Rammers for ditto .uuercririevessurcsnsesssensisnsusesenasenns 200
Sheepfkins for dittd  ..u.ccccerevimernscesesenscisisesissmnsncens 100
Wad-hooks ...ouiericricrnnnscns cresesasnssensennenines 12
Plates of copper for ladles . evvreiveeineresresiiseecicsisrene 60
Copper nails for ditto ........c.cecvueereecivensernense 1bs. 20
Iron nails for fide-arms  .ccceveveenrerrivenniciaem  ditto 40
Iron wire , ditte 20

Shot, Shells, and Grenades,
Shot for QUNS  cereeee ecvrmreereirescnnctssnenpsansspssnssesgersens 3320Q
viz. 32 prs. At goorounds agun ...... 10800
— 16 — At 6oorounds .....ccvreereee. 30800
— 8 — At 600 rounds for each brafs

gua and 200 ditto for each } 10800

iron ditto  eeeeevenneesennnene
— 4 = At 20010UNdS  coenrrreriniininiens 800
Cafe-fhot for 32and I6PrS.  coevevscnncenisenicsensasesnns 2000
Ditto for 4 prs, * ... poassnssssssasnenes " 400

[3) Shells
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Shells, _
’ ' : "l{ﬂ‘(fo
13 Inch fhells at goo for each mortar  ...ececevueenee 3620
Ditto to roll from the breach rresresssnsaennes 1200
1o Inch ditto ar gco for each mortar — .....occvemneeees 3600
Royal ditto at 1200 for each mortar  .u.ccuvureuencae 7200
fs{and BrENAAES  eeureeeiuitrinecnccsesitencanane e sbsnsaanes - 12000

tones fi o .

(:)o u:l . sc)n;ar:;‘e flone=mortars at xzoo}ca rt loads 1520
13 Inch fufes  crirroannne. cesersonsnreatannsuessermasanses 53c0
10 Inch ditto ....cceeeve . 4000
Royal ditto .c.eeiveens 8coo
Hand grenade ditto ... 14000
Bottoms of wood for flone mortars  ...cccveeeecenneens 8ooo
Bafkets for ditto ... S 8000

-
- Machines and their Apparatus.
Handfpikes - .cocomerunesunnee. 6oo
Large ditto  weeeceeecrsceemnnnciisinnineinne st sstsasesensone 40
Long levers with horfes - 10
Quoins Sueseest 400
<Gins complete 6
Hand-jJacks .....cceeercevesporsrssiesssenrenessesssssssses ssasadinsnes 4
Capftans complete with ropes .......ccccocecsnsssccenncs 2
Pullics : ’ 6
Skids v 40
Sleighs = weueuee RPN 6
Sling-waggons 3
Limbers et setensn et sesssearasarasas seasneee 12
Block-Waggons  ....cccccveuimicsusnsssnrcsnrensssesensssnsssons 6
Common ditto - - 30
Cordage.

Ropes for guns e 10
Spare ropes for gins 6
Ditto for windlafles and capftans  ccccuveceeriecnscenne 2
10

Double flings  uveenn

Ropes of various fizes : 18
Packthread “ I
Drag ropes Verrsaeianns

cwt. gry. b

Number,

50
Armoury
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Eong wall-pieces  wvvvenrucnernencrnncnne

Wall. pneces vestorsseesssnassaasasereas serssrenassssassanen e inesse
MUfQUELS  cucceierriereassnsasneenssasesensesnssesssnsssassases
| T105) N - : oo
Spare rammers for mufquets ............ FRE— -
EfPONtoons i .cisserescessssssencsssssmmsesssnscsasessasese
Scythes with handles ........ccercerernanisanienserenes esoren
Cuiraffes with cafques  coceuveerene - e

FHOtS o rsancnnsarsennsennse -
Bullets for wall-pieces

cwr,

T.ead for mufquet balls at 20000 rounds a} 2
day, including fortics  .....c.... 74

Match et enae 50

Powder - whole barrels
cwt,

viz. For 10800 rounds from 32 prs. at
10} Ib." each 3 p } 988
For 10800 rounds from 16 prs at 5,  Ib. } )
F each ... - f oasee l 494

or 10800 rounds rom 8 rs. at 3 Ib.
20z, each ... ..p 3 } 316

For 800 rounds from 4 prs. at 1lb,
100Z. 4dr. ..., sesessenes sene suananssene 1L

For 3600 ditto from 13 inch mortars
at 121b. 43 0Z.  cecoreressreerrrcanereaen 395

For 1200 ditto to roll upon the breach
at 8lb. 3§ oz. 69

For 3600 dxtto from 10 inch mortars
at61b. 80z. 14dr.  creeeccnrrvsreneenns 210

For 7200 ditto from royal ditto at 3 Ib.
40Z. 7dr. e, 210
For 7200 ditto from ftone ditto at 4lb. 63

10z.gdr. ..
For 12000 hand gmnaies at 3 oz. 4. dr. 22
. 2

397

Number:

12
600
6oo
20
600
400
400
50

40000,
3000

grs.

/7
—

Numbey
3600

.

bba,
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ewt,
For 600000 cartridges for the infantry 182
For 3000 carti ld"t’S for wall-pieces ... 3c0
For artificial fire-works and combuftibles 91
Add 5 for accidents  coecrcvenneinccinnnnns 300

Combuttibles.

Faggots dipped inpitch  weeveervenievrnnveeee e
Iron grates for lighting the ramparts to be filled

. with different combuilibles «............ ;
Light balls of the diameter of the ftone mortars
Carcaffes ditto  .vcevreveremarinsncisanesssanane

sesecsssicnesse

cwt,
Port-fire compofition to be put into the fhells 54

Articles of different kinds.

Oaken planks for platforms —................
Sleepers for difto  ....ccceeerireniannee
Ballafi-bafkets ....... ST, -

Hand barrows  ......
Spare helves for mtrenchmg 10018 eoo

*seessncecsntrscrcaneccce

¥and bags i eeusseseranaesessaansnans PR
Large 0il-cloths  wevecvvvnesssnences et sacsaeenne .
Small dIittd e

Greafe oo ssnesmnssnssnessn s 36
Flannel for cartridges  wooverveorresneceenes. yards

Iron-work and Nails.

il
Iron-work of forts for gun carriages and 6
mortar beds ... evesesees 3
Iron-plate for carriages, round fquare and
flat e cesesseannnnine - } 7
Nails for wheels ... .“ : 9
Ditto for platforms ..eucvereiveriinesseisesnsesesensene 18
Ditto g0 to the lb.  wevvenrcsernresevicerrnsesivianss 3
CIron WIre  secccmsessimensiesn s o 3
Steel R - 9

Nan:bers
1Co0
500
1000
100
2000
20000
100

b { <o)
grs. Jbs.

300

&

Se

qrs.

il
NENE

Articles
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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 reified ; oil of olives and lintfeed ;
vinegar; yellow wax ; fuet; greafe; afa-feetida; glue; thread;
fine and coarfe tow; linen and cotton cioth and barras;
fewing thread ; old lincn and match; faggots; iron wires
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®
Chefl Of ArawWers .cccecess cossersonecssresneseacssss ssoesessasesss
Steel-yard s s s
Balance with fcales  “verrenene rrevorarescase

T'AIES ettt ereese s areapasae st
Ditto for mealing powder and mixing compofitions

Large copper Cauldrons ....iwueeeeesesssssessossasosass sasnesss
Medium and finall ditto . : :
Iron trivets for ditto  .ccvvevvencanne
Large peftle and mortar of bronze
Common hammiers  .ocvucvviccnerssosssasteres sesssasensannene
PINCers eeeiniercirnriesiscesnssst snsssnessencnsees PAICS
Large and fmall axes  coceennnee.
Rafps for wood  ..veereeneeee 10

EETTTRYTTTY TN LYTRTITTEY

seescevessesrocsenes

sscescsscenscse

WWW = ONWL NW m m -

Files vt s s s asaste e 10
Drawing knives .. vsn expesssnasonrase 10
Common ditto .“ cesnsnearersasesesarasesusbionnanns 6
Large and fmall fciffars U Y1 S
Iron punches e iiiinncsnsnsnsnsesass e vonnsnsaenenang 10
Straight and crooked awls  .ocoeeveucseresesecencrennen. 10
Packing needles ...cciiiensenssnsninasan s snonsasesnsssenns, 12
Sewing ditto  ........ woeenene 100
Common and fine faws 8
Augres and gimblets . 30
Common ficves  coecveeeseenns eaeqenrsanssas 6

Fine filk ditto  evmvresvsse , R—
Us Small
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Number,
Small wooden bowls for holding compofitions  ....... 10
Benches for driving fufes  ..uconeeeceecesernnccrnne PR, < 10
Drifts for ditto ... reviersensansrm anen - 24
Tin funnels of fiZes. ......cccvrmremenssinsscrcvssssesssnes 10
"Tin meafures dittd  ...cvvenevecsinsassesenrsscsssnssstisosasnss §0
Wooden fetters for fufes 10
Small ditto demassenane snesaaneses sous saarares sammaseranss sanssans 20
Ouken planks with holes for loading the hand gre—§ 1

nades and fufes  .occovveree

Bench with 2 beaks, one of iron and one of wood ¢
Benches for tying up the fire pots, &c. .ccverme - 3
Y. amtems ordinary and dark - 50
Eprouvettes for powdcr R 1

Can-hooks  ....ccemmermmnnseretnssimunsasesssines. seressssssnsasase
Quadrants

- . 30
Priming wires - 300
Copper ladles . 2
Large buckets eressstr s s absauss e s s - 4
Pails eeussaseenssssmmanes 6
Brafs feales  oivenenneminnsinniensae s e snnns 2
Wooden ditto eeesensassosessarnassnsans 12
Large and fmall oil cloths b s snssatssmenseseses 20
Common compaffes  ..ceccermrenccserninsneeensee P2IFS 4
Calibres  .uvceecrmvcssmmrmnsenssmisnicssensisssessssnssncses  Pairs 2
Glue BIUTHES coeeecereneeernraesaerresesenscnerassesserenerssseas " 12
Royal and coMMON PAPEr  «snereserssarnnsrnen auee reams 10
Pafteboard ......... Y 111 0°) 2
Flints, ficels, nndcr-box and matches ............... . :
ewt. gre. lbs
Tacks and large nails  cvcvvrnenricmemesnescccsennen v I = e
Wax candles ... v 3 - —
Intrenching Tools.
Nusmber.
Pick -axes desasennss - 1008

Mattocks  eouvevseiomrcsn semmesseseissansssarssssnsssssssmsassrssmasen 4500
Shovels  oeisveriirrnsesrensasn st ssssassssnnems 400
Large and fmall BXES  svmesersemesneressemmee oo 200
Hand bills
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Tools for 12 Carpenters, :
Number,

Broad axes . 12
Small ditto  .euerreececerer e . oes 12
Crofs-cut faws ... S 4
Common ditto of forts ... 12
Triangular files for faws - - 24
Planes  ccvcviceic s soms cssssssennsssseresissssess 30
Mortaife clnﬂ'els - anrees 24
Hatchets i e cenrcencsnrensennes tessassns e saeree 12
Square and round gouges ... we 16
Chuflels of fizes ....... 36
Large and fmall compafies ) v 8
Large gimblets ... . 16
Small ditto ... PR 8o
* Drawing knives 12
Sledge hammers .....oc.ccccuenecrmomsscssssnmssessssssasesacnee 4
Pincers pairs 12
Whetftones v
Hand-vices ....ccee ;
Iron crows ... '
AWorkmg benches ’ 3
Tools for 6 Blackfmiths.
Large bellows with anvilsand ffocks  ....... voremormsssssee 2
Forge tongs ... wee  paits 16
Nail DOrers  .ceveecescnsessccnecssenoes " 6
Forge hammers . cvraene 12
Sledge ditto  wunriivriensusnnnnnne - 6
Files of fizes ........ 24
Benches with beak i 1rons, -one large one fmall  ~voees 4
Small vices  ..cverriee 6
Small anvils  cceevcencnninineeinnconens . 4
Iron prefs for binding and ftreaking wheels  ccccuens X
‘Tools for 12 Armourers,
Forge bellows . 4
Anvils with focks  wiecereriversnsrnsennsasssasesnansns . 4
Small anvils ... . 6

U, Forge
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' Numbor,

Forge hammers of fizes o 24
Forge tongs ... brsaseresbossassensanen pairs 16
Benches with irop and wooden beaks ...ccvvuiiciiiinanne 12
Files of fizes s - wiee 200
Rafps doee . soe ves.oee: dessncecsree 50
Planes ' ceercieernner 23
Large and fmall gouges . 48
Inflruments for making fcrews of fizes  wecevcercees * 16
Drills with bows ... beresatmensasees 12
ANErES  uvnteeseesbonss P ousevnns . 12
Gimblets 00690000 00000580 000090080000 0600 0000008 6000 10T0E000T0T00E00 00000 60
Drawing knives | e uecsisiness: esrneres - 312

é

Hand vices tovetnsstrnass reteressnesastanenas 12
With a proper quantity of coals for the black-fmith and
armourers. ' L

denad

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 rantlets; beams of 5 inches by 7; planks
for occafional works, and for boxes to contain the powder;
beams for making the frames of the occaional works ; pitched
wooden troughs; fauciffons made of coarfe cloth; large
oil-cloths ; fand-bags; petards of fizes; fhells ; piftols ;
blunderbuifes’; tin chandelters. Lanterns; olive-oil; can-
dles; nails of 4040 the Ib. ; powder; clay; eld dung; in-
flammable and fetid compufitions. The quantity of each
of thefe articles muft. be apportioned to the manner in which
the mines are churged, and to the method of carrying on
the fubterranean war, which will be enlarged on in the 4th
chapter. :

126. The number of artillery-men fot the daily fervice
of the guns'and mortars contained in this inventory, may be
eafily interred from the former remarks on that fubjet (57):
three times that numbet will be the proper compliment
the defence of the place; one partis on duty on the bat-
teries, and the fecond is preparing «nd providing the batteries
with ftores, while the third is repofing. If the corps of
artllery be not fufficiently numerous for all thefe duties,
the line muft furnith a certain number of additional gun-
ners: four men at leaft, fhould be attached to every piege‘
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ot ordnance; fo that if thete be 60 guns.and 20 mortars .
in the place, there ought to be 320 arullery-men, befides
ferjeants, ‘o every piece of ordnance there fhould be a
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 garrifon.  Befide the commanding offi«
cer of artillery, there thould be § or 6 others of inferior rank §
and even more, if the place be capable of making a long
defence. Co

The number of carpenters, black-fmiths, and armourers
wiil be regulated by the proportion of tools in the prece-
ding inventory ; part of them may be taken from the artil-
lery, the reft from the infantry of the garrifon, or the inha«
bitants of the place. o o

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 3co, when there ‘are two
fages 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
care that the latter are men of approved courage and fidelity.

CHAP. 1.

OF THE FIRST DISPOSITION TO BE MADE FOR THE
Derence or A ForTrREss NN.. -

127. TH E magazines being furnithed with the ordnance,
ammunition and flores contained in the inventory ; every
article depofited in the place allotted for it in the diftribution j -
the proje€ied works completed, and the countermines pre-
pared ; the commanding officer of artillery 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 invefliture, from thofe
that may be deferred till the place is invefted.

128. In the firft place, the mufquet cartridges are made
vp; 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 t: be

one

e
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done but to fill the reft of the fhells and grenades; and
make up combuilibles as faft as they are want:d. All ihe
guns are mounted ; part on the moit attackabie fronts, the
reft on the barbette.batteries : each of which fhould be fpa-
cious enough to contain feveral guns, the better to comn-
mand the adjacent country; and the governor direéls the
engiaeers to cut out the embrazures in the flanks.
~ If the place be countermined; a quantity of well fifted
earth is laid in different parts of the galleries, and frames
and plenks prepared for carrying on freth branches: an
exa& plan and prafile of the countermines are taken, which
thould be very carefully preferved; and the miners drive
fmail fhafts on every fide to determine the nature of the
ground, with a view of -afcertaining the time requifite for
making an excavation of a cubical foot; and judging how
far the found of the ememy's miners ar work can be heard ;
which entirely depends-on the tenacity of the foil : that no-
thing, in a word, may be wanting to render the fubterrancan
ions conducive to fuccefs ; experiments are mnade, to
determine the line of leaft refiftance for a chamber, made
between the f{urface of the ground and an excavation g
feet below it (which is the depth of the work that the
befieger fhould carry on in fearching for the counter-
mines) and to afcertain the charge for only fhaking the
earth, and burying the enemy’s batteries without making a
eatennair. The care of the miners is iatrufled to an
intelligent officer ; fome men are occafionally picked out
from the infantry for that fervice. The carpenters, black-
fmiths, and armourers fhops are fixed, that they may pre-
pare the feveral articles belonging to them ; and fome horfes
snd 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 copnomy in the daily iffues of ftores, and in the extra-
Py to the artillery-men and additional gununers is a matter
af great moment ; a -commiffary and fome clerks of ftores
ere appointed to keep an account of all iffues and expen-
ditures, that exa returns of every thing may be made out
avhen called for.

129. At the fecond epoch (127) viz. when the place is
savefed ; the commanding officer of artillery dire@s the
powder and every other article that will be wanted during
she fiege, to be diftributed in the different magazines ; and

the
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the thells 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 a 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 every opportunity
of annoying the enemy. '

An dofficer of the civil branch is appeinted to affit she
ftore—keeper, through whofe hands all .iffues -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 magazines remain according to cuftom with
the governor and flore-keeper.

It may be neceflary during the fiege to proje&t fhot 'and
thells to different diltances 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 thot for 4 and 8 prs. ; and } for’
16 and 32 prs. The chambers :of the mortars are elliptical,
and filled with powder; thofe of the ftone.mortars are in
form of a troncated cone. ’

Point
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Point Blank. Longeft Range.
Yards. 7;1-11:.

Mufquet iiieivisisninnisne. 270 1348
Wall-piece  coivernenennsnnieninsens 303 1550
Long wall-pieces  ....cccmrveevcnnee 43 2360
438 3035

n 3372
Guns © 3541
' 4046
1348

Mortars 4 13 ORO ccvievcrecntcnnrrrannares 2192
. | 17 A0 et 2697

L Stone - seseses st ane s st asns 337

1

CHAP I

Or e DisposiTiONs FOR THE ACTUAL DEFENCE.

130¢- b ‘ ‘H E'N it is known cither from the previous dif-
pofitions of the enemy, or from his breaking ground, which
fron: heintends to attack ; the commanding officer of ariillery
dire@ts the guns allotted 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 carpen-
ters lay down the platfarms for the guns in the flanks. The
engineers conftrutt in the works of the front attacked, occa-
fional magazines for containing the powder and cartridges
for one day’s expenditure. The infantry furnith the necef.
fary number of additionals to affift in working the guns; the
fame men fhould be always attached to this duty, to fave the
trouble of inftru&ing 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
scquainted with the principles on which the defence is to be

condu&ed,
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condu&ed, they may do their utmoft to contribute to its
fuccefs.

131. In this plan, the firlt axiom is to retard as much as.
poffible the progrefs of the befieger, and to multiply his dangers
end difficulties : this is effecled by a judicious application of
fire-arms, fallies, and countermines. The whole front of
the atrack is lighted during the night, that the artillerifts
may dire&t their guns with greater precifion, and difcover
the movemeunts 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
thells filled 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 effect 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 thould fug-
geft any method that occurs to him of rendering the fire
of the artillery more effetual 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 defence (131). When
the befieger begins to break ground, the proper detachments
are fent to the barbette-batteries, with injunctions to let
the additional gunners affift 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 thefe batteries is dire€ed 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 ﬁ:?}tyr et‘.':

. ‘
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diftrefs the enemy ; thells filled. with combuftibles are froas
time to time projected to light the country (132).
- 135, Wiren the fituation of the enemy’s firft batteries
#s known, the embrazures on the faces of the battions and
the other works oppoled w0 the attack are opened, and the
platfornis laid; this fhould be completed in 24 hours.
The direttion of fome of the embrazures in conform-
ity to the eftab'ithed axiom (131), to be towards the ground
on which the enemy muft carry on his fap; the others
ainft 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 ftill greater, to fise agaiaft works that
ase already completed, and confequently proof to cannon-
thot. The commandmg officer of artillery points out the
objeds agzioft which the fire is to be direCted, enjoins the
moft exa& attention in loading and laying the gums, and
forbids them to be altered. He goes round the atsack at
Jealt 3times every 24 houss ; early in the morning, to re-
connoitre the enemy’s works, and alter the dire&ion of the
guns, if neceffary ; in the afternoon, to take memoranduins of
what ammunitien 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 amnllery and mufquetry is direCted againdt the
vafinithed 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 might to enfilade the com-
munications : this manceuvre is continued till the enemy’s
mufquetry is advanced too clofe to the works. The 10
nch and royal mortar batteries are opened, as foon as the
befieger advances his communications between the fecond
parallel and the place: thefe mortars thould be placed in
fuch a fituation that, in fpite of the inevitable irregularity
of the ranges, the thells may fall on fome part of the ap-
proaches. . During the night, light-balls are projeéted ‘to
affift the dircQion of the cannon and mufquetry. When
the approaches are advanced within 300 yards of the co-
vered way, the ftonc-mortars come into ufe; they are
planted in the faliant angles of the covered way, againft
which the enemy is dire¢ting his approaches. All the more
tars fire day and night: when the third parallel is nearly
finifhed, the fone-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 during
the night from the covered way: the guns that enfilade the
glacis are direGed againtt the lodgements oa the creft of its
and every emnbrazure that flanks the enemy’s approaches is
furnithed with cannon.

137. The third parallel being completed, the enemy’s
difpolitions (hould be carefully obferved to judge whether
he meditates-an attack on the covered wayv by ftorm or fap3
if the former appears to be his inteation, the guns that enfie
lade the creft ot the glacis and the covered way, fhould be
farni(hed with flannel cartridges for quick firing, and fome
rounds of cafe or grape-thot ; and the men attached to them
inflruted how to conduét themfelves in cafe of an aflault:
at the clofe of day, quantities of pitched faggots fthould be
thrown on the glacis, and the fire-grates higiwed in the
faliant ‘angles of the moft expofed works.

When the enemy has gained the creft of the glacis, round
fhot fthould be fired from all the guns that enfilade it, till
the garrifon is compelled to abandon the covered way ; then
cafe-thot fhould be fired : the mortars thould keep up am
inceflant fire on the returns of the faliant angles of the glacis,
where the befieger muft eftablifh his communications.

The garrifon will rally in the places of arms and the
ditch, and endeavour to regain pofleffion of the pofts they
have loft ; the fire from the ftone-mortars fhould ceafe the
inftant the troops are in motion for that purpofe, and the
cannonade re-commence.

In all aflaults, the officers of artillery thould be ftationed
in the works that contribute moft to the defence, with di-
reitions how to a& on every emergency : their command-
ing officer fhould take up his ftation at the point of the grgt-
eft importance.

138. When the befieger has gained the creft of the glacis
by fap, all the mortars thould play on the. communications
that will be made along the faces ; and while the fap is car-
rying on, it fhould be enfiladed by the guns and mortars
that bear on it. If the guns in any of the attacked works
€an plunge into the enemy’s lodgments on the glacis, fome

embrazures
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embrazures f{hould be repaired : throwing light-balls during
the whole night, that the firing may be the more exatt
and effectual. The fame difpofitions fhould be continued,
while tie enemy is conftrulting and firing from the batieries
in breach; and be fupported by a continual fire of muf-
quetry, dire&ted againft the embrazures of the batteries.

139. The beleger having completed his defcent into the
ditch, and begun epaulments to cover his approach to the
foot of the breach, overy poffible exertion fhould be made
to retard his progrefs : the guns fhould fire inceffantly againft
the epaulments with round fhot; thowers of fhells, and
hand-grenades be thrown from every part; and when the
eneny has gained the foot of the breach, the largeft thells
thould be fet fire to and rolled down.

Thefe difpofitions intended for the out-works will be ftill
more effectual from the body of the place, where the fire
from the flanks that defend the breach is greatly fuperior
to the enemy’s: fince, befide this flanking fire againft the
epaulments, a heavy fire can be alfo direQed againft the
counter- battery.

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 a 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 great num«
ber of burning fafcines and light balls fhould be thrown
into it; and over thefe dry faggots and combuftibles 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 coluinn in mounting to the affault.

From the different methods of repelling affaults explained
in the fecond book of Military ArchiteQure, 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 judicious condu&, combined with the exertions
of the other parts of the garnifon.

Though the preceding regul.tions may feem to be adapted
only to places where the works mutually fupport and com-
mand each other, and every point in the environs; yet

thcy
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they are equally applicable to fortrefles fituated on mountains
with different profilés : provided that in the proportion of
flores, an additional number of mortars and combuftibles
be allowed for the defence of the dead angles, which fre-’
quenly occur in places in fuch fituations; and the weak
points be carefully diftinguithed from thofe that are inacceffi-
ble, even when a breach js effeted.

141. When at length, the place is no longer defenfible,
the chamade is beat: at the furrender the commanding offi-
cer of artiliery in terms of the capitulation, will give the
enemy an exaét invenrory of the ordnance and ftores. If
permiffion be’ granted to take out any covered waggons, the
largeft guns fh..uid be carried out on block waggons covered
with oil-cloths, and iot inferted in the inventory given to
the enemy. But if the fiege be raifed, all the flores liable
to be pi'lliced fhouid he immediately carried back to the
magazjaes, and 2 general inventory taken, diflinguifhing the
ferviceable from the unferviceable ; the guns and mortars
fhould be alfo examined, and thofe that are damaged fent to
the foundery,

CHAP. 1V

OrF THE DeFeEncE oF THE COUNTERMINES.

1

142.IN the greater part of fieges, the befieger his a
decided advantage ; for the environs of moft places being
fufficiently fpacious, it is in his power to plant a very nu-
merous artillery in his firft batteries, and cflablith a fire fupe-
rior to that of the place: butin the attack of a fortrefs where
the countermines .are judicioufly difpofed, the garrifon ‘at
the inftant the befieger is endeavouring to lodge himfelf on
the glacis, and in the other works regains their fuperiority ;
fince he is under the neceffity of feeling his way with much
danger and lofs of time, in order to afcertain the fafety of
his lodgements and batteries ; without knowing the points
where the befieger awaits him, and often finding himfelf
buried in his own works at the moment he leafts expe&s it.
143. To oppofe the befieger effectually in his refearch
for the countermines requires much difcernment, an uninter-
mptcd vigilancc, and great exertions of bravery. The fun+
damenta]
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damental maxim is to anticipate the attempts of the enemy,
and to referve as long as poffible the countermines deiryred
Sor blswing up the principal lodgements, and she latterios in
breach. i or this purpofe;

1. The provifional branches fhould be completed 5y
the time that the befieger reaches the fuot af tie pin- ..

2. The enemy’s miners fhould never be atuai o
get below the countermincs, fince in this wariare v to-
ever has loweft ground has the advantagc.

3. Every attempt thould be mad: with fcugaffes and
petards to deftroy the enemy’s works at a diitance from
the permanent countermines. )

. The charges for ruining the enemy's works
fhauld be czlculated to produce the defired effe&t witnout
running any rifque of damaging the permanent coun-
termines.

5. When to fruftrate the enemy’s attempts, it is
nceeflary to fpring a mine at a point, that may inter-
rupt the communication with fome of the permanent
countermines; a frefh communication fhould be imme-
diately made from the branches, or the neareft galleries.

6. Provifional branches for feeling for the enemy
will be moft effectual, when made to the right and left
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 provifional 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 judze necef-
fary. The objects of the befieger being to render ulelefs the
countermines of the place, in order to fecure his principal
lodgements and batteries in breach, he will be ebliged either
to attack them in front by the means of {lopes and galleries ;
or to attack the paffages leading to them by finking fhafts in
the covered way (Part I. Chap. VII.): the following are
the difpofitions for oppofing 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 obfructing the paffage, and a larg: quantity of dung
laid in"the ditch near the entrance of ‘ths couniermines. A

miner
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tniner is pofted in every three or four branches that point
towards the enemy to liften whether he be at work: on
hearing him, the miner (hould keep firi¢t filence, and redou-
ble his attention to afcertain exaltly 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 fhould beimmediately clofed with a fand~
bag, and the fpace between the bottom of the gallery and the
ventilator filled up very folidly. When from the nature of the
foil the enemy can drive his fhafts under ground without beir;
heard, a well braced drum thould be placed at the fufpc&eﬁ
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
is advancing towards the countermines, the five following
¢afes may occur.

1. His fhaft may fall on one of the branches of the
firtt ftage.

2. (I)r on a gallery of the firft ftage.

. It may approach very near to a branch or galle
of l%)e firft ftage. ‘ y gy
a 4. It may fall on a branch or gallery of the fecond
age.

i. It may fall obliquely on the countermines of the
fecond ftage, without the befieger being vverheard in
working from the countermines of the firft ftage.

146. The general method of oppofing above ground thefe
sttempts of the befieger is to throw fhells into the fhaftsg
the fituation of which is eafily difcovered by the foil of the
excavation : the explofion of a fhell falling into a fhaft, ren-
ders all further attempts for fome time impradticable.

Another method equally effeétual is to make a fally, and
throw into the fubterranean works of the befieger 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 (age
(145, No. 1), it fhould be immediately filled with (and-bags
prefled 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 befieger gains the roof of the branch, and by

- X2 their

’
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their explofion deftroy the fhaft and loofen the foil, fo that
the befieger wili be unable to renew his work without great
trouble and lofs of time.

In atenacious foil, a hole about 4 fect fquare may be made.
by taking fome bricks out of the roof of the branch at thiz
part where the fhells are lodged, and fupporting the earn wita
planks; the explofion of the fhells will do more wj.iry 10
the thaft and lefs to the branch. '

When the fhaft falls near the extremity of a branch, a
box containing about 1 cwt. of powder may be placed clofe to
it, the branch filled with fand-bags and dung for the fpace of
10 feet, and a fauciffon laid in a wooden trough to fet fire
to the powder, the moment the beficger 1eaches the roof of
the branch. .

148. In the fecond cafe, viz. of a fhaft falling on a gal-
lery of the firft ftage leading to the advanced countermines ;
fome firong treftles equal in length ro the width of the gallery,
and about 3% feet high fhould be inftantly placed under the
fhaft acrofs the gallery, and at the diftance of 5 or 6 feet
from each other; and upon thefe fhould be laid a floor of
planks 20 feet long, and the fpace between them and the
roof filled with fand-bags: 4 or 5 large fhells (hould be
then placed on this floer, difpofed as in the preceding para-
gtaph, and fet fire to the moment the beficger reaches the
roof of the gallery.  As by this method, the communication
is kept open below the trefiles, 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
freth communication may be made from the neareit branches
or gallerics, after the explofion of the (hells.

The befieged fhould perform thefe operations as filently 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 paflfes near a branch or gallery of
the firft ftage (145, No. 3,); its direGion 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
fides_to {ind out the fhaft, and have every thing in rcadin‘g&

: or
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for charging a chamber inflantly to deftroy it.  As the be-
fieger muft be aware of this, ‘the befieged fhould 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-
guih between the found that is made in hollowing out the
earh, 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 fhaft thould be compared with the dif-
tance between the bottom of the (haft and the furface of the
ground ; and if the line of lealt refiftance be towards the fur-
face, it it will be fufficient to make a noife 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 fpring his mine without doing any detri-
ment to the countermines, yet greatly to his 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 proper quantity ‘of powder and fprung. If the be-
fieger, notwithftanding, continues his work, the branch
fhould be advanced within 7 or 8 feet of the fhaft, that it
may effetually 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 befieged will make
the fame difpofitions as before (147, 148), and fet fire to
the fhells the inftant the befieger reaches the roof of the
gallery ; when the fhaft paffes near any of the counter-
mines of the firft ftage, the befieged will carry on horizontal
branches as dire€ted in the preceding paragraph, making at
the fame time the neceflary difpofition in the countermines of
the lower ftage, that are threatened by the enemv.

When the fhaft without paflinz near the countermines of
the firit ftage falls obliquely on thofe of the fecond, horizontal
branches thould be carried on from the lower ftage 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
thould be waited for in filence, till arrived at a proper dif-

X3 1ance,
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tance, and a2 mine fprung to deftroy his works (147). But
if he advance on a permanent branch at a diftance from the
provifional ones, the neareft provifional branch ought to be&
carried forward to meet him as before directed.

1§2. It may happen either through th¢ negligence of the
befieged, from the nature of the ground, or ¢he inftruments
ufed in boring it, that the befieger may without being heard
gain the wall of the countermines: in this cafe, a large
petard well propped behind fhould be inftantly fixed againft
the part he is approaching, and the fcrews that faften it to
the plank taken out, that it may act againit the wall with
greater force and do the enemy more damage : as foon after
the explofion as the fmoke will permit, the miners (hould
examjne if any communication be opened between the coun-

" teymine and the enemy’s works ; throw -in quantities of fetid
combutftibles; clofe the hole hermetically, to prevent the itench
from paffing into the countermines; and block up at the
fame time all accefs to the befieger.

Should the befieger gain an entrance into any of the coun-
termines, fome of the moft refolute miners armed with cui-
rafles and blundesbufies fhould be fent to drive them as far-
back as poflible, and the communication be interrupted and
blacked up wirh fand-bags ; all forts of combulftibles fhould 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 ememy’s batteriés; fince the de-
fence of the place will be thereby confiderably protraded :
Whereas (hould they under the idea of preferving the perma-
neat works eatire, be 100 cautious in counterating 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 fhould mever be too
hafty in removing the earth or rubbith that chokes up the
paffage to ity or in examining its effe&s ; this refearch being
attended with no utility, and moxcover, very dangerous:
the (mell and fmoke thould be drawn away, and the air pu-
rified by placing mantlets at the entrance into the counter-
mines, with tin pipes 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 fame direftions are to be obferved, in defending
the countermines under the ditch, in the out-works and in
the body of the place, -

Thefe operations fhould be alwaysfgpported by the fallies
of fimall parties, made unexpe&ledly in the ditch, to kill the
enemy’s miners, and throw fetid combufiibles mto thieir works.

From the method of attacking countermines, treated of
in the firft 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 archite&ure, 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 1the Use oF PrrmaneENT COUNTERMINES IN TH
‘ Derrence or PLaces. :

155. F OUGASSES 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&t. When the belicger 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 fau-
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 fougafles at the moft faliant angles may
be fprung feparately ; then thofe before the faces of the baftions
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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the places of a¥ms} it will be 2 matter of confideration, (a4
the number and difpofition of the enemy will be difoovered
by means of light balls, &c.) whether it will be more advifc-
able inftantly to fpring the fougaffes, or wait till their lodg-
ments are completed : This muft depend on the garrifon,
and the circumftanceg of the fiege.  Suppofing the attack to
be fo vigorous that the garrifon is compelicd entirely to
abandon the covered-way; a ftrong detachment fhould under
cover of a heavy fire from all the works that command the
places of arms force their way into them again, and fet fire
to the fauciffons that lead to the fougaflts; and immediately
after the explofion, retire to their former poit, and pour in
- a very heavy fire of mulquetry,

157. If the befieger attempt to get pofleflion of the co-
vered way by fap, the fougaffes thould be fprung fucceffively,
accordingly as he’ makes his lodgments’; taking care to
tpring them before the eneniy can difcover and render them
ufelefs. ‘ '

158. The befieger having re-eftablithed his lodgments on
the creft of the glacis, and begun to conftruét his batteries in
breach, the chambers of the countermines of the firft ftage
beneath the batteries are charged : the quantity of powder
“fhould not be too great for the following reafons.

1. Left the befieger lodge himfelf in the excavation
or entonnoir 3 the ground fhould only be fhaken enough
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 miay adtonly on the fide of the line
of leaft refiftance, the paffige to the chamber fhould be very
folidly filled u» for a length and half of the line of leaft re-
fitance. For exanwple, fuppofe the chambers A, B, (Pl s,
Fig. g) are to be charged, and each branch CD, EF, be
equal to the line of leatt 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 cafe of damp with oil-cloth,
. Then
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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
CD,GH, EF, KL, fuppoited by the horizontal beams
M, N, fecured by ftrong wedges, and fill all the interftices
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 interttices 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 conduéted in a pitched trough along
the branches C D, E F, fo that that the two chambers A, B
may be fprung at the fame inflant : for it is. evident, if they
be fprung at different times, that the . refitance .will not
be reciprocal, nor the effes 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 inftantly .
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 lyt. ‘Thele fallies fhould be fup-
ported by a heavy fire of cannon and mufquetry from every
work that bears on the enemy. 4 '

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 has 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 fprung, and their effects, afcertained, the troops advance
rapidly to the batreries 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,.Yie miners by the means of
manlets placed at the entrangg of 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 freth: they then immediatcly begin to extend
the intermediate branches under the glacis, in order to aver-
tyrn a fecond time the batteries in breach. If this be im-
prafticable, they muft employ the remaining chambers to
bury the befieger in making the defcent into the g\l’tli:n
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When no fuarther advantage can be derived from them, th
make in the large gallery a chamber on both fides of the
defcent into the ditch to c{eﬂroy it. -

162. The countermines of the firft ftage being fprung,
thofe of the fecond remain to overturn the new erefied
batteries in breach, and deftroy the defcent into the ditch ;
their chambers are charged with the proper quantify of pow-
der for the line of leaft refiftance, taking care to fill up the
empty branches or galleries of the countermines of the firft
flage 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 done, ti:e charges
fhould be increafed. ,

163. The befieger having at length afcertained the fafery
of his batteries on the glacis, and in the places of arms,
begins to batter in breach; and having completed his de-
fcent into the ditch, advances under cover of a double
cpaulment towards the foot of the breach: the beficged
then charge the mines under the different epaulments and
breaches with a fufficient quantity of powder to biow away
the rubbifth that has fallen down from tie breach ; and make
a large excavation in- the ditch, that the befieger mnay be
under the neceffity of firing a great many more rounds in
order to beat down materials to make the breach again
acceffible. - The 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
thould 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 a
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.
Springing the countermiries in the baftion will be the laft
cffort of the befieged, unlefs the body of the place be con-
ftru&ed on a fyftem of demolition, and well countermined ;
in which cafe, the condu& of the officers will be regulated
by the preceding maxims.

CHAP,
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CHAP. VL .

Or e DEFENCE OF PLACES CONSTRUCTED ON A
SysTeEM oF DemoLiTION. ’

164. TH E defence of places conftriled 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 demolifhed,
fhould remain entire unto a certain ftage of the fiege, and
the mines a& only on particular parts, without damaging
others 3 the greateft attention is requifite in determining their
fituation and fize. The four following paragraphs contain
the principal cafes that occur, with a few reflections on each.

165. When from the combination of the works, the
pefition, number, and fize of the mines, can with-accu
be afcertained from an infpeQtion of the plan of the place,
without a neceffity of performing any previous operation,
they fhould be made before the place is attacked, (Chap. 160,
Part 1) and charged a few days before they are to be fprung.

166. When the pofition and fize of all the mines are
detesmined, but their conftruion 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 1o him 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 leagth of defence he can fafely reckon.

167. It being impoffible from the conftru&tion of the
works 1o determine the fituation and fize of the mines froow
an infpetiom of the plan, the officer of artillery muft exa-
mine how the walls are connelted together, in order tor
afcertain what parts can be demolithed without injuring the
others. For the fake of obviating thefe difficulties, it is tor
be wifhed that the mines were always made when the for-
tifications ave confrucled ; and that the walls which are ;:h

.
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be blown up were not built into thofe that are to ftand, bat
merely joined to them, or difpofed in the manner mentioned
in the 3d book of Military Architecture.

168. The fyflem of demolition ouzht to be perfeGted
previaus to the invefliture of the place : when that has not
been done, the artillery officer thould fpecify whether it may
interfere materially with the other inditperifable operations of
the defence : fince inftead of being beneficial, it may on the
coatrary prove. very detrimental to the befieged, by oc u-
pying a fpace of time that can ill be fpared during the actual
defence.

C H A.P. VI

Dispostrions For DEreEnNce oF A Prace
IRREGULARLY BESIEGED.

169. TH E fubje& of this chapter applies to all fortifi-
cations conftructed on the modern fy(tem ; to thofc thrown
up on the fpurt of the occafion, as well as to thofe intended
to be permanent. ' -

The motives that may induce an enemy to difpenfe with
-any of the fteps ufual in regular fieges, may be inferred from

the ninth chapter, and be reduced to the four following cafes ;
‘ 3. 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 fyftem, 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 whole
fidelity and courage cannot be depended on.

370. The common axiom, that if the caufe be dene away
e gﬁﬂ 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-
gines, 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 neceffity,
or during 2 ftat¢ 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
advantages, be expofed to it.

171. Suppofe an officer of artillery detached to a fortre(s
labouring under any of the afore-mentioned defe@ts, with
orders to make out a plan for the defence: he thould atten-
tively weigh every circumftance that can favour a precipitated
and irreguar attack, and in his demand of artitlery and ftores,
confine himfelf to the neceflary quantity for oppofing the bes
fieger when he arrives at certain given points. Any guns in the
neighbouring towns not perfectly good, but competent to
the expenditure of the propofed quantity of ammunition
or any guns of intermediate calibre fhould be fent to thefe
places, -fince after the furrender they will be of no fervice to
the enemy. ’

172. Again, fuppofe a place invefted by the enemy under
circumitances favourable to a precipitate attack, there are
two cales to be confidered : the one, with refpeét to places
imperfettly fortitied and provided only with ftores, &c. for
ftanding this kind of fiege (171): the fecond, with refpect
to regular fortretles well fituated, and abundantly fupplied
with 1tores of all kinds, but of which the garrifon either
from fmallnefs of number, or want of experience or zeal
(163, No. 3. 4), is incompetent to a regular defence. :

173 In the firft cafe, the arti'lery officer guided by the
particular motives that influenced the commander in chief
to adopt this plan, (hould exert every pofiible means to pro-
tralt the fiege ; 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 himfcif on the works; which will greatly
accelerate the capture of the place, efpecially when they are
badly conftructed or out of repair.

Tne only method of determining the precife line of con-
dut to be obferved in this cafe, is to weigh on the fpot the
" adtual ftate of the place, with all its advantages and difad-
vantages ; and from a general view of the whole, to lay
down the plan of defence moft likely to protra&t the fur-
render. '

174. In the fecond cafe (172), 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 effeéts a lodgement on the glacis
till the place capitulates, the defence will be almoft regulgr:

T owhen



334 SERVICE OF ARTILLERY

when there is a fuperabundance of powder, fireworks, and
combuftibles, large boxes full of powder may be buried at
the foot of the breach, the mines on the front of the attack
overcharged, large fires lighted on the breaches, and fup-
plied with fuel till the whole be expended.

One of the molt effential points towards prolonging the
defence in this: cafe, is not to expofe the garrifon to unne-
ceffarily hard duty. Every avenue by which the enemy can
get accefs to the place through the ditch, as canals, aque-
duds, &c. ought to be effeGually blocked up, and every
precaution taken to guard againft furprize : no more men
thould mount guard during the night than are abfolutely
neceffary ; and even this number thould be diminithed during
the day: the'garrifon ought to be well fed, and for the fake
of exciting emulation, any foldiers diftinguithed for a&ivity
or intrepidity, thould be handfomcly rewarded. But if the
troops, though fufficiently numerous, be from want of ex-
perience or {ufpicion of their fidelity, unfit to be intrufted
with the defence of the covered way; the governor and the
principal officers fhould endeavour to inftruét them in the
moft fimple and material parts of their duty, and fet them
examples of indefatigable zeal and exertion : they ought ta
be particularly careful to prevent their being feized with a
panic, check all irrcgularity, and be on their guard againft
mutinies, which frequently happen in regiments compofed
principally of deferters.

175. The four cafes in which a fortrefs is blockaded,
have been already meationed. To render the blockade of
no effe&t in the firft -cafe (91, No. 1), the magazines and
barracks are made bomb-proof, and proper precautions taken
to prevent and extinguifh fire : in large cities expofed on 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 poffible, fhould endeavcur by the moft
prompt and vigorous meafures to keep the enemy at a dif~
tance; by making powerful fallies, throwing up lines of
counter-approach, and feizing and fonifying with artillery
every ftrong poft in the vicinity of the city.

176. When a blockaded city has not the moft diftant
profpet of fuccour, the garrifon thould 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 thefe

- means
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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 dire&ts his attacks ; the greateft efforts of
the garrifon fhould be oppofed to the works and batteries
that incommode the place moft, without wafting ammuni-
tion againft the others. .

Finully, in the fourth cafe every advantage for which the
enemy gives the leait opening, (hould be feized ; taking care
at tiie fame time to be {paring of the ammunition, that there
may be futficient for maintaining a regular defence, when
the befieger has brought up the neceffary artillery for puth-
ing his attacks with vigour.

CHAP., VIIL

Or COUNTER-APPROACHES.

177. C_OUNTER-approaches are thofe works which
the garrifon throw up either previous to or during a fiege
at different dittances from the place, to enfilade and take in
revesfe the trenches and firft batieries of the befieger: hence,
by a judicious difpofition, he may be 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 eftablifhed as a maxim, to make counter-approaches
whenever it can be dene to advantags. They may either
form a pait 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 be perfectly
underftood, 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 navigable river, ravine, precipice, or morafs; or befare
which the enemy will be under a neceffity of opening trenches
before he can advance towards the place itfelf, a counterl;

attac
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attack is then projefted. The works to be ere@ed in this
cafe previous to a fiege are forts and redoubts, far enough
advanced in front of the place to enable them to enfilade
and take in reverfe the parallels and firft batteries of the
befieger : if expofed to attack, their ramparts are made of
the lame thicknefs as permanent fortifications with good
profiles ; and covered communications with redoubts at pro-
per diitances thrown up between them and the fortrefs, to
cover them fram any attempts of the enemy. They are
planted with heavy cannon and mortars, with a proportion
of ftores adequate to their firength and importance.

Sometimes from the nature of the ground, a part of the
fortrefs itfelf will ferve as a counter-approach : in this cafe,
the officer of artillery thould intert in his plan of defence
the neceffary aumber of guns, mortars, and ftores, for car-
gying on the counter-approach with vigour, independent of the
proportion for tie actual defence of the place.

179. When in the vicinity of a place fituated on a navi-
gable river, or on the {ea-coaft, into which fuccours can be
occafionally introduced ; there be any points that command
the ground- where the befiezer muft open his trenches, they
fhould be ft:ongly fortified, and amply fupplied with artillery
and ftores ; fince the navigation being open, frefh fupplies
can be at any time thrown in.

180. A fortrefs is fometines proteted by an intrenched
camp, that ferves to keep the commubication open with
the country whenceit diaws its fupplies ; firong works fhould
be thrown up to fecure any commanding points in the vici-
nity : the ncceffary quantity of artillery and flores for this
counter-approach may be afcertained with fufficient accuracy,
by knowing the extent and nature of the ground where the
befieger muft open trenches, and ere& 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 conftru&ed, be inattackable, or
covered by the fire of the place, they fhould be inftantly
executed, and planted with the artillery defigned for the
barbette-batteries, and the other parts at a diftance from the
front of the astack, As the introduction of fuccours is not

- - fuppolcd
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fuppofed praQticable, the fire thould be direGed againft the

batteries that mott annoy the garrifon ; according to the inva-
siable maxim of protracting the furrender as lng as.poffible,
by employing every thing in the mo/! advantageous manner.

182. An army or a confiderible corps of troops having
been worfted in” a&ion, has frequently takeh refuge in a
Jarge fortified town, where was a depot qf heavy artillery 5
ind to which the viQorious 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 gL'ce,, and reduce
him to the neceflity of a blockade, (hould be oecupied by firong
detachinents, and fortified : when the adjacent country is fo
favourable to the conqueror, that he can inflantly break
ground and carry on his appraaches in form, the troops in
the town fhould endeavour to form cpunter-appraaches 3
this being the moft effcciual method of rendering the enemy’s
enterprizes abortive ; or at leal} of embarraffing his opera~
tions, and lengthening the defence. ,

Counter-approaches cannot be made in low flat fituations,
except under cover of an impaffable morafs or river : in this
cafe, a trench 25 feet wide (héuld 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 erected 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 thould 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 project the counter-
approaches ; the duty of the artillery officer being only

. to furni(h them with proper ftores and defend them : it is

unneceffary therefore to enter farther into the principles of
their conftruction.

Y THIRD
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THIRD PART.

OF THE SERVICE OF ARTILLERY IN THE FiELD.

183. T H E two former parts of this work were confined
to the fervice of artillery in the attack and defence of places ;
but the prefent obje& being the fervice of artillery in the field,
and nothing having hitherto been advanced on this part of
the art of war, it is neceffary to give a general idea of tac-
tics ; in order ta explain the principles on which the feveral
fpecies of troops operate, and the various combinations that
may be made according to the particular exigency.

184. The fyftem of a campaign between two armies is
called offenfive, when one of thein feeks an oppoftunity of
forcing the other to a&ion ; or of obliging him to retire and
abandon the country he is mafter of: if both armies ftudi-
oufly avoid an engagement, yet fecretly watch for an op-
portunity of attacking the adverfary to advantage, this is
called @ 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 himlfelf in firong polts, 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 fuccefsful‘iffue.

T'he firt point is to have the army oproperly 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 thé 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 theatre

¢ of



IN TIME OF WAR. 339

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 either 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 coveréd with woods :
the number and quality of the enemy’s troops. is likewilg
another point effential to be afcertained.

CHAP L

OF THE SEVERAL SPECIES OF TROOPS THAT
COMPOSE AN ARMY.

186. UN IV ERSAL experience proves that the fuc-
cefs of an army depends on its compofition, and the man-
ner in which its mfarches 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 fefvices
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 narrqw paths,. and over mountainous and difficult
roads; and a bridge of flight conftru&ion ferves for his
paflage over rivers, canals, or broad ditches.

In common marches that continue about 6 hours, a foldier
walks with a free and natural flep 2 + miles in an hour;
a regiment therefore when the roads are tolerably good,
mmarches 14 miles in 6 hours. Waithin reach of the enemy,
the pace is regular, but quicker or flower, according to cir-
tumftances : in the flow movement, calculating each ftep
at 24 inches, and 60 fteps in a minute, a regiment of in-
fantry paffes’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 conflitution of infantry, the fmall fpace
that each foldier takes up, and the arm he casxies, this fpe-
. Y 2 ’ cies
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cies of troops is well adapted to offenfive or defenfive ope«
rations in all kinds of countries : fince they can fight in line
or column ; halting or marching; firing with ball when at a2
diftance from, or charging with bayonet when clofe to the
enemy. :

. The intention of fire-arms bein2 to annoy the enemy at
a diftance, the foot-foldier fhould above all things be taught
to load his mufquét properly ; and level and dire&t it well
againft the obje&t: -platoon firing by word of command
from the officers is never fo dsftru&ive as when each foldier
takes his obje& feparately : this is called pallifadoe firing,
when the mufquet refts upon any thing.

Infantry having occafion for very few -carriages, are ealily
fubfifted in countries where forage is fcarce. :

189. Cavalry are highly ufeful in marches and engage-~
ments, when the country is fufficiently level and open, to
give them room to perform their feveral evolutions. The
#ate of marching of a regiment of cavalry for 6 hours is calcu-
lated at 17 miles ; but in cafe of neceffity, it may be extended
to 21 or even 28 miles. Wherefore from the celerity of
their movements, they are excellent for making incurfions
into an enemy's country; fupporting a diftant poft, or corps
of troops ; cutting off detachments, 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. Ia
altion their great advantage confifts in the celerity of their
amovements, 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&ion; it is ferviccable 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. :

192. Dragoons are a fpecies of troops that a& occafiomally
as infaniry or cavalry: in open and level countries they

: perform
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perform the duty of cavalry, and in ftrong and inclofed.
countries, difmount and a& as infantry : wherefore inftead,
of a carabine, the dragoon is furnithed with a mufquet.

191. On confidering the peculiar properties of infantry,
and cavalry, it is evident that whenever thefe two fpecies.
of troops engage each other, the fafeft method for the in«
fantry is to aét on the defenfive, endeavouring to prevent
the cavalry from furrounding them and charging their rear:’
they fhould therefore take pefleflion of fome fituation that
is naturally ftrong, or may be eafily made fo. But if no-
thing like a breaft-work can be found, they thould form in
the beft manner for keeping the enemy at a"diftance by a brifk
fire, in order to enable them to execute the manceuvres beft
calculated for fecuring their retreat.  In fhort, the difpofitions
of infantry confift in their order of march, and in regulations
for keeping up a heavy fire in time of attion. .

Cavalry will have a great advantage over infantry when
the latter are pofted on a plain, and expofed to be charged
the inftant they have given their fire, or begin to be in move-
ment; or when they are drawn up in fuch a manner, that
they cannot well fuftain the fhock of a chaige, as three deep.

192. Under the name of field-ariillery are comprehended,
the royal regiment of artillery, the guns with their ammu-
nition, horfes for drawing them, and drivers for taking care
of the horfes. Hence, from the number of carriages, artil-
lery cannat fubfift long in a country where forage is fcarce,
The roads for artillery ought to be wide and good, and the
bridges ftronger than either for infantry or cavalry; then,
the common rate of marching artillery is from 14 to 17
miles a day, and with the fame expedition as infantry,

When guns are pofted in the front line of an army that
is advancing to the attack, the ground (hould be Jevel and
open, that they may preferve the pofts afligned to them in
theintervals of the troops: in inclofed countries, rhey (hould
be preceded by a number of pioneers and carpenters for
filling up ditches, making bridges, cutting down hedges,
and opening roads : yet fometimes in fpite of every exertion,
they cannot reach their deftination, *and are frequently much,
embarrafled to keep their proper ftations, Hence it refults,
that artillery cannot aiways take the [ame route as infantry,
gor accompany them on every expedition.

When the army halts with :;1 intention of giving battle,
* Qe
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or remains in a fixed poft, the guns are drawn up at the’
diftance of 8 or 10 paces from each other.

193. To leflen the difficulties that arife from the badnefs
of tge roads or the unevennefs of the country in offenfive
operations, the guns fhould be made lighter; but not in
fuch a degree, as render their etfeéts uncertain.  The 8 and

prs. defcribed in the preceding treatife charged with } of
the weight of the fhot are more manageable than thofe of the
common length; and are fufficiently reinforced to refift the
explofion, and project the fhot with the requifite force for kil -
ling men and horfes. In a word, pieces of this kind will
be fully adequate to every purpofe of firing round or cafe-
fhot ; if regard be paid to the dutance and difpofitions of the
enemy.

194).'. A round fhat, fired againft a body of troops drawn
up in order for battle, can deitroy but one file of three or
four men, whatever be its diameter or velocity. But, if
fired fo as to enfilade the fame body of men, or againft a
¢olumn, it will do execution till its force be entirely fpent =
its effets are then in proportion to its diameter and velocity.
For it was proved in the Treatife on Proje&iles, that the
effe@s of fhot 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 demonftrated that the initial
velocities of 8 and 4 lb. fhot being equal, their effe@s when
fired againft a body of men near to them, are in the ratio
of their diameters, or as §: 4; but in long ranges, the refift-
tance of the air being greater to fhot of {mall 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 folid or lwaft refiting parts of the body ; it is
impoflible therefore to afcertain the exa& number of men,
that one fhot will kill or maim : ‘the only point that can be
alcertained is, that a 4 b. fhot difcharged from a light 4 pr.
with 1§ Ib. of powder and well wadded, firiking a column
of infantry in the leaft advantageous circumftances cannot
deftroy more than 30 men ; but under the moft advanta-
geous circumftances may kill or wound more than 60.

198. In action, cafe-fhot is fired from 8 and 4 prs. when
the enemy is at a dutance of abour 170 s, and drawrt
up with fuch an extended froat that it will do more execu-
tion than round fhot. "T'he number of men difabled by c:fne

, =
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cafe-fhot compofed of 60 fmall balls proje@ed from a 4 pr.
within proper diftance againft an extended front, will far ex-
ceed what will be killed or wounded by a round fhot of the,
fame diam.ter.

196. Quick firing is of very eflential fervice, cither when
the enemy’s difpofition can be enfiladed by round fhot or
expofed in front to cafe-fhot : for the fake of expeditiop in
loading, the powder is inclofed in flanne] cartridges; which
prevents the accidents that might otherwife happen, as the
flannel leaves nothing burning in the gun.

_In general, at the beginning of an engagement the enemy’s
army is at a great dittance, and prefents but a finall front ;
in this fituation, from the great care requifite in loading and
laying the guns, fome minutes elapfe between every two
rounds. If the enemy’s front be very extended or he is
advancing, the guns need not be laid with fo much accu-
racy, and the wads may be difpenfed with ; which will tend
to accelerate the firing. At length when the armies are very
near each other, it is no longer neceffary to lay the gun each
time, the cafe-thot is fixed to flannel cartridges, the ufual
method of ramming the charge is difcontinued, and the
guns are primed with tin tubes : the artillery in this cafe fire
fafter than the infantry can do, and the gun is loaded in
three motions.

1. The cafe-thot fixed to a flannel cartridge is put into
the gun. /

2. It is puthed to the bottom of the cylinder with one
ftroke of the rammer.

3. The rammer is drawn out, and at the fame inftant
the tin tube is introduced into the ven:. Thegun, when
heated, may be cooled with a wet fpunge.

197. Different fyftems of artillery have been from time to
time devifed with a.view of firing quicker in ation : from
an impartial comparifon of thefe feveral fyftems with the 4
and 8 prs. in queftion, it might be afcertained how far the
adoption of any of them would be really advantageous,

198. The diftances at which artillery and infantry may.
engage, may be reduced to three ; and the advantage of each
arm is relative to the diftance.

1. The diftance may exceed the range of a muf<

uet ; or ’

2. It may be from 200 to 260 yards,

e 3 It may be lefs than 170 yards,

Y¢ Ia
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In the firft cafe, it is clear that the whole advantage lies’
oh the fide of the artillery ; more efpecially when the enemy
can be taken in flank.

199. But in the fecond cafe, the fuperiority refts with the-
infantry when drawn up three or four deep; fince each gun
is expofed to the tire of ten files, or 30 or 40 mufquets, which

may make great havock among the artillery-men ; while the
utmoft execution ‘that a gun can do, is to carry off one file
at each difcharge : the fire of the infantry may be alfo better
divefted, and quicker than that of the artillery from the ne-
ceffity’ of laying the gun every time to enfure execution :
mioreover, the infantry always continue firing in proportion
td the number of men that remain, whatever lofs they may
have fuftained ; whereas the fire of artillery decreafes in a
shuch greater ratio : ‘thus, ‘if half of the gunners be difabled,
the fire dimithes in a quadruple or even greater proportion.
Hence if-a body of infantry be drawn up 4 deep at 200 or
240 yards from a field-battery, or be pofted behind fences
or walls, whence they can keep up the pallifadoe firing, the
attillery will be more galled and fooner difabled than by op-
pofing gun to gun. Theidea which the greater part of mititary
then have without due refle@tion adopted, of the vaft fuperiority
of artillery ‘has nota little contributed to increafe its effes ;
even veteran troops have under the influence of this terror been
incapable of improving the advantages they had obtained ;
and new levies have been known fhamefully to turn their
Backs at the very report of the guns and whiftling of the thot :
for when thot are not perfeQly 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 (196).

When the infantry unable to bear any longer the galling-
of thé cafe-thot, ceafe firing, and advance to the charge ;
the artillery fhould profit of “their error and fire as taft
ss poffible, putting over the cafe two or three round fhot iff
‘the enemy be drawn up very deep. In doing this there is no
reafon 1o be afraid of burfting the guns conftrucied on the
principles laid down in the preceding treatife. T

; . . - o
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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 80yds. in a minute; the guns will eafily
(196) make three difcharges in a minute without being ane
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 rouns 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 detachments of infantry
or in fome other manner. --Each gun (heuld be fired twice in
half a minute, being the time that cavalry takes to gallop
at full fpeed over a fpace of 140 yards, which is the greateft
velocity that cavalry can charge with. . :

"+ Guns of the largeft calibre fhould be oppofed to cavalry, as
they proje& a greater number of fmall balls, and with round
fhot do more execution in enfikding (194). - -

202. Thefe feveral fpecies of troops compofe the bulk of
armies; and from their folidity and mutual fupport when
properly combined together, are deftined for all great military
operations.

There are other troops, which differ much from the
former in their fervice and method of fighting: they are
diftinguithed into light-infantry and light-cavalry, and are de-
figned to a& by detachment ; for fecuring the tranquiity of
the camp ; covering convoys ; beating up the enemy’s quare
ters ; and harraffing them on marches. On them devolve
all the more minute duties ; but as they are never accom-
panied by artillery, it is needlefs to examine their conftitu-
tion more particularly. The neceffity of being acquainted
" ‘'with the method in which the feveral fpecies of troops that
campofe armies can aét, and be combined together.on marches
and in ac¢tion, 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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CHAP. ' IL

RerLEcTIONS ON -THE COMPOSITION OF AN ARMY.

S o

203 T O compofe an army judicioufly, the nature of
the country, the quality of the troops, the number of the
enemy’s forces, and the plan of the campaign muft be previ-
oufly confidered, A general, mafter of thefe points, may make
the moft advantageous and mafterly arrangements: wheregs,
an army formed without attention to this general maxim, will
labour under manifald difadvantages; and probably in the
event reap nothing but difgrace and defeat, ar, at moft, but
partial fu cefs.

204. The firlt requifitc in the farmation of an army is,
that it be quick and ravid in its movements, and fubffied
without difficulty: wherefore it fhould be limited in number,
reflricted in guantity of baggage, and free from every unme-
¢cjjary incumbrance, "The movements of very large armies
sre fo flow and their marches fo fhort, that their number by
no means compenfates tor the heavy additional expence :
befide, from the difficulty of providing fuch numerous bo-
dies of troops with forage and provifions, a general is fre-
quently obliged to abandon entire provinces, and to move into
an open country within reach of fome navigable river, by
which the means of fubfiftance may be facilitated. When
. the theatre of the war is in a very ftrong country, a fkilful
general will turn this circumflance to advantage, and regu-
late the number of his troops accordingly. We find in
hiftory numberlefs examples of celebrated captains, who with
{mall armies have by a judicious choice of pofts and encamp-
ments, made head againft an enemy greatly fuperior in
number ; and in the event, by a feries of rapid and mafterly
manceuvres reduced him to the greatet fraits.

By conftant habits of furveying ground in a military point
of view, and [pppofing the various cafes that may occur on
fervice, officers may acquire a quicknefs in difcerning the
advantages and difadvantages of pofts ; which has ever been
sltecined among the firlt qualities of an able general,

305. After determining the number of troops of which
the army is tq confity the next point is tg afcertain the pro

potuon
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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 o? fupport are neceflary
in a defenfive fyftem. But no artillery thould accompany ani
army that is to a& 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 practicable to bring up cannon ; or take
advantage of fome commanding eminences to diflodge the
enemy.

207. In flat countries interfeted 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 his army. ‘

208. The proportion between the infantry and cavalry
depends alfo on the nature of the country.” In flatexten-
five countries, the cavalry including the light-cavalry may be
eftimated at § of the whole army ; this number diminifhes
fucceffively to %, 5, 4’5 in proportion as the country becomes
ftronger; till at length cavairy is totally excluded and their
place fupplied by dragoons; who may amount to . tf %
of the army, when the tountry though level is very ftrong

207). - ,
( 229. The number and quality of the troops being thus
determined, they are formed into what is called an order of
dartle, The fuft line confifts of at leaft half of the b;t;a-
' ns
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lions and fquadrons : the remainder are difpofed in the fecond
line; and there is frequently 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 6 bartalions, and thofe of cavalry of 8 or 12 fquadrons :
cach brigade is commanded by a major general and a briga-
dier; and every two or three brigades are under the orders
of a lieutenant general. The light troops form a feparate
corps under the command of a general or field officer, whofe
rank is in proportion to the firength of the corps. The
chief command of the army is given to a captain general;
who has under him a general of cavalry, when that body is
pymerous,

CHAP IIL

OrF THE FieLp TRAIN OF ARTILLERY.

-

. 210 TH E number and calibre of guns for compofing
a train of artillery to accompany an army in the field, is
determined by the nature of the country, the fyftem of opera-
tions, and the number of the troops ; in order that the artillery
may - 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-

ign country, the train of artillery is the largeft (206) : it

as for a feries of years been cuftomary to reckon ane
for every thoufand men ; thefe pieces 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 infantry :
they were ferved by them and comprized in the ftores of Xe
regiment. As feveral other nations have adopted this maxim,
it W% 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 expenee and trouble that fuch 3 quantity of -
grtillery muft occafion.

_ In flat but very 130 cauntries, where the abje& is nog
ta kring on a gener ;éon,' but by marching and mancu-~

ang
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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 diminithed, 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
imay never retard the march of the troops: in hilly countries}
their number fhould 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 trogps
that are to a& among mountains, fmall guns weighing from
1 to 2 cwt. have been invented, and are tranfported 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,
adfing in a flat open country, with an intention of feizing
every favourable opportuni?' of coming to a&ion. In thig
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
to 120 rounds a gun (one third of which fhould be cafe~
fhdt) ; carried in tumbrils ; 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
}() and formed into a corps under officers and non-commif-
ioned officers: the number of horfes is regulated by the
‘guantity of ammunition, &c. never allowing more than
.54 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 16 prs. will form the fixth or park bri-
“gade; which is referved for cannonading works that cover
Jbrigades, and ftrong pofts of all kinds ; and for firing again(t
T cavalry,
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cavalry, or oppofing very powerful attacks of infantry : the
particular deftination depends on the ground and difpofitions
of the enemy.

: . The following is a retum of horfes, &c. for one
bnga e of 8 prs.

. Horfes

Five 8 prs. mounted on travellmg carriages, with 7
limbers, fide-arms, coins, and hand- fplkcs, thh} 20
4 horfesto each  cvcvureuivnnenns

‘T'wo fpare carriages, with limbers, carrymg 4 fparci
wheels, 4 fpare axle-trees, 4 fets of fide-arms .. 4

Seven tumbrils carrying 500 rounds for the above} 14

IS eereessarsescessusnsssessnsesensssesconssonesaassasessnesasssnenss

One light waggon with intrenching tools, &e. for}

repairing roads and bridges 4

One travelling forge complete 2.
One waggon carrying 43 cwt. of xron-work for gun}

carriages, 2 cwt. of fpare rope, 1 cwt. of greafe,
carpenters tools, lanterns and 1 cwt. of candles
Six powder waggons carrying 60000 mufquet car-
. tridges, 30000 flints for mufquets, 2000 flints
for piftols, 3} cwt.of powder, 5§ cwt. of muf-
quet and plﬁol ball, and 10 reams of cartridge

Two Waggons carrymg oats for the horfes with fpare P
RAINEM  ..cvececerineencanrersasienssssenssaess snsssese anesans ssoese
Horfes for one officer, two non-commiffioned oﬂi
cers and @ faITIEr convecererccnmannscsnesensassnsnsrssscsseas 4

—

Number of horfes forone brigade 84

—

Befide the above, two coumry 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
wveft 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 eight non-commiffioned officers ; ten cr twelve artificers §
with eight or ten gunners to each gun, according to its ca-
libre, and a conductor of ftores for taking care of the ammu«
nition, &c. All the brigades are commanded by a field
- officer, who has under him an adjutant 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 ia
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 feveral {maler rivers, a number of pon-
toons accomnpany the army, carried on proper carriages, with
baulks, chefles, cordage and every thing requifite for con
firu&ting 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: thg
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
Jaying a bridge over a river 3c0 feet broad, -
' Pairs of
Oxenr.

Twenty pontocns mounted OR CAITIAZES  wwressreees 6O
Twemfy-four carts carrying 360 chefies or planks}

13 feet long, from 10 to 14 inches broad, and 2 24
inches thiek  eeoveiiecienciirsnnnninencsnnnenns cveenesons
Fifteen ditto, carrying 120 baulks from 16 to 18} ‘15
feet long, and from 4 to 7 inchcs thick  ...veea..
.Eight ditto, 1o anchors and cables, (heer--lines,% 8
-6 capftans, artificers tools  ...coeemnne. ceernereans -

Number of pairs of oxen 107

D e —

Inftead of ponteons, boats made of leather are fometimes
carried in waggons folded up; when wanted for ufe, they

are firetched out with crofs pieces of wood, and 4 axlc-grcc;
fixe
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fixed to the bottom furnifbed with fmall wheels, that -they
may run into the water without being damnged; upon them
is laid a kind of flage, and over that the bridge is. con-
ﬂl‘ll&ﬂi. X . . .

In mountainous countries, fnall leather boats are carried

oa the backs of mules ; each mule carries two. Bridges made
of thefe boats will not fupport a weight exceeding 10 cwt.
. In laying bridges of all kinds, whenever the river is fo
fhallow that a heavy weight would fink the boat till it touch
the bottom of the river, treftles thould be fubftituted in theig
yoom, for reafons too obvious to need mentioning.

CHAP. IV.

Or TuE ENCAMPMENT OF AN ARMY, AND OF THE
" "PARK OF ARTILLERY.

- ary. THE troops that are to compofe an army are
drawn out of their cantonmnents and quarters at the begin-
ning of the war or of ecach campaign, and march to
fome particular place where they encump in order of batue
209). As the place of rendezvous is always at a diftance
om the enemy, it is fufficient if it be dry and abounding
with wogd, water, hay, and ftraw: but the other camps
“that the army may occupy ia the courfe of the campaign,
independent of thefe requifites, mult in other refpeQs cor-
refpond with the views of tiie geneial : the fint objedt is the
fecunity of the troops ; wherefore, ]
: 1. There thould be in the front of the encampment
a fpot fpacious enougi to draw up the whole army in
two lines, and to engage without being embarraffecd
by the tents.

2. The front and flanks fhould be covered by houfes,
villages, rivulets, ditches, ponds 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
camp, (hould be occupicd by ftrong detachments. lf
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s. If the camp be interfeed by canal$; ditches,
rivulets, or other obflacles (0 a free eommunication
between every part of it, bridges fhould be laid' and
paflages opened, that the whole may eafily move to the
Yupport of any part that is attacked.

218. in nothing ie the ability of a general more coafpi~
cuous than in the choice of his eacampments; and few
tircamftances have conduced more than this to gaining
the moft brilliant viGories ; but as the full difcuflion of this
imeretting part of taltics would be foreign to the purpofe,
our obfervations will be-confincd to a few points. -

(F1G. 10, Pl. 6) The fixth plate reprefents a common
encampment of 40 battalions and 40 fquadrons ; A, the en-
campment of the firlt liae ; B, ‘that of the fecond, diftant
fsom the fit 6 or 8oo paces; C, brigades of infantry of
five batwlions each; D, brigades: of cavalry.-and. drmgoons
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 firlt line to draw up in order
of batde, diffant from A at fea(t 600 paces ; 1, greund for
the fecord line 1o draw up in-order of -batde; K, heufes or
barns ocgupied by the advanced guards of infantry; L.,
advanced guards of cavalry, as pofted during the day; M,
points to which the cavalry retires during the night to be
covered by the infantry, ;

As mapy 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 firt line, that
thofe.of the.fecond line may, if neceffary, pafs through them
ard form at 1. :

As many paces as there are files in each fquadron and
one half .more are allawed 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 graund is level and open; but is deviated
from, if fuperior advantages can be gained by a différent
pofition, or the fafety of the camp better fecured. When
one flank is covered by a ravine, river, hke or impaffable
morafs ; and there iz 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 prac<
tifed ?or thefe two laft ccnturiezs; but in the defenfive fyﬂ:.;\:;
’ Q
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other modes are adopted, fuch as the clofz and the-extended
camp. In the clof¢ camp, the army is encamped ini-three
or four lines ; and with the antients, its form was fquare or
retangular, with little difference between the length of the
fides in open and level ground ; but the moderns without
regard to the figure, attend only to the nature of the
ground, endeavouring effeually to fecure fome of the fides,
that they may be the better able to oppofe the enemy at
the vulnerable points. Such pofitions are frequent in moun-
tainous countri¢s ; and thofe arc efteemed the ftrongeft,- that
are on a ridge between two vallies or rivers, or on a rifing
ground with a river in the rear; fo that the enemy however
numerous, cannot: furround the camp or cut off the fup.

lies. In the extended camp, the whole army is encamped
m one line; when from 'fituation or circumftances they are
under no apprehenfion of being attacked, and with to pre-
vent an enemy from paffing a broad river, or occupy a chain
of pofts in the mountains to cover a country.

220. 'The brigades of artillery being prepared, and the
eaptain commanding each having infpeted it, and received
his order of mrarch; they are put in motion along the high
roads; and join the army in one or more days joumey, ac»
cording to the diftance: when their route lies through a
fufpeted country, they are efcorted by a competent num-
ber of infantry or cavalry, as the country is more or lefs
" level 6r mountainous. -

The commanding officer fends forward the quarter-mafe
ter and camp-colour-men early in the morning to the villags
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
harneffed 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 Teniority ; the firft brigade on the right, the fecond on
the left of the firft, and fo on fucceffively to the laft, which
is generally the park brigade.. ' 1

- n
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In front of the park and about the centre, a quarter-
guard is placed fufficiently numerous to furnith centinels 3
and two alarm guns are {tationed there, and kept unlimbered
with a lighted match to give fignals for the army to get
.under arms. The non-commiflioned 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 diftance in the
rear of the marquees, the horfes are picketed intwo or moge -
lines with the tents of the drivers, &c. on the flanks.

. 221. The brigades being arrived, the commapding offi-
cer makes his report to the commander -in _¢hicf, and waitg
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 thg artificers examine the carriages, and
the conduors of horfe infpe& the harpefs;-at the fame
timg the condultors of flores 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 kis rounds
two or-three times during the night, and cawde them 4o be
repeated by the ferjeant and corporal of the gyard :. he fhould
alfo take care that the cooking places are at a. diftance from
the park, and all fires extinguithed at fyn-fet, and even
during the day if the wind blow hard. The next morn-
- ing before the guard is relieved, each-conducar gees round
his brigade astended by a nea-commiffioned officer of the
guard, to fee that nothing has been flolen ar broken during
the night. . _ _
222g. When the park of artillery is placed between the
firft 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 neceffary, the bri-
gades of artillery are pofted between the brigades of the fir(t
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
firlt 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 difpoﬁti_onz is called the artillery drawn
, : 2 . “
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up in dedér of battle. The other part which ificludes the
remainder of the brigade under the care of a non-commif-
fioned officer with fome gunners and the condu&or, are fla-
tioned between the two lines of the army, cr in the intervals
‘of the fecond hne: thofe fubdivifions are frequently drawn
up together, and go under the general name of the depét;
and then an officer is fent to command thent.

When the ground in front of the field of battle is low,
‘dnd there are any points that command the roads by which
the enemy muft advance to the attack, fome guns fhould
be polted theére fupported by pickeis of grenadiers, or other
chofen troops encamped on their flanks.

., CHAP V.

Or 112 MareH oF AN ARMY, AND oF THE DisposiTion
OF THE TRAIN OF ARTILLERY.

423. L ON G and frequent marches fatigue troops and
eccafion ficknefs ;, wherefore no march fhould be made,
* unlefs fome real and effential object is propofed from it.
. Previous, to a-movement, a general takes into one point of
. wiew the plan of operations; the nature of the country the
. army is to pafs over ; the time requifite for performing the
march ; the enemy’s force and diftance: and thence deter-
mines in how many columns the army ought to be difpofed,
that the march may be eafy and expeditious, and the troops
foon formed in order cf battle, in cafe of an attack on the
march ; how each column fhould be compofed, and which
road it thould take.

When there are not roads enough for the feveral columns,
the cavalry crofs the fields, and the infantry march on the
toads ; the columns of artilery on the broadeft and beft.
The light troops are fent forward early in the morning to
reconnoitre the country; and if the enemy be near, they
are fupported by a confiderable body of troops: in thete
rear n.2rch the detachment intended to guard the new en-
cars.pucirity With the camp-colour-men that are ro mark je
out. But if the enemy be at a diftance, the camp-colour-
men affeaubic at a certain time and place, and proteed with
e carp-guard, and the quarter-mafter-general undel;d the

oraers
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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.

g Each column has a‘front and rear guard ; the firength of

the detachment that covers the artillery and baggage is deter-

wined by circumftances.

224. When the drummers beat the general, the quartera
wafter 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, N 4

At the beating of the general, the artillery.men ftrike their
gents, pack their baggage, and harnefs and bridle the horles §
at 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 whole' move {nto the place
affigned 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
ammupition waggons, waggons with intrepching tapls, ang
laft of all the coyntry waggons and forge carts. 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 js alfo the
ftation of the condu&or of ftores. The artillery column is
preceded by fome pioneers taken by detechment from the
feveral brigades ; and fome artificers to mend holes in the
yoads, .examine the bridges, repair them or lay down new
ones, and open avenues into the park, in cafe the camp.,
golour-men have not had time to doit. When the bri-
gades reach the new cpcampment, they are drawn up ag
befare.

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 js preceded by 3
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 frontg
H, the van-guards of each column ; I, the rear-guards ; K,
#he new gngampment and the camp-colour-men ; L, light
troops detached in front to reconnoitre, When there is'any

Z3 apprehention
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apprehenfion of, being attacked on the march, 2 brigade - of
artillery marches at the head of cach column preceded by
the van-guard of the column. Accordingly as the ground
on the flanks is open or firong, they are covered by columns
of infantry or cavalry.

" Ina retrograde movement towards Q, the camp-colour-
men and new camp guard march firlt ; then the artillery and
baggage followed by.the army, difpofed in as many columns
as poflible, in crder to fhorten the line of mar¢h: each has
istear-guard.. In an apen country, the light cavalry forms
the rear-guard of .the army ; and in ftrong clofe countries,
the infantry.. When a movement is made by either flank,
there are gencrally as many columns as the ariny was en-
camped in lines :. the column of artillery and baggage marches
on a high road behind the rear line, and is efcorted by a
firong detachment. . The light troops march between the
firft Jine arid the enemy, to give timely notice of their ap-
proach. 1In this manceuvre, if the firft line march along a
high road, and the artillery be difpofed according to the
order of battle, the guns fhould follow €ach other in file,
and the tumbrils forin a fecond line parallel to them, when
the breadth of the road admits of it; but in narrow roads,
they fhould follow the guns: if the enemy advance to attack
the army, the tumbrils fhould be difpofed in a fecond line
behind the guns, in order to be ready for adion. -

226, If the army in marching from the camp A towards
B muft pals through a defile, and the enemy is pofled on
the other fide, thé mouth of the defile (hould 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 necefity of croffing a river by a bridge,
and the enemy is at hand to difpute the paflage, feveral pieces
of cannon thould be planted on the bank of the river to the
tight and left of the bridge, fupported by fome battalions,
under cover of whofe fire the army may crofs the bridge,
and form in order of battle on theother fide. Intrenchments
thrown up to prote& 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 effe®, an intrenchment fhould be thrown up, and
embrace a large extent of ground’; the better to enfure the
fafety of the troops, -

: ~ The

t
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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 fuperior
§n number. ‘ '

227. An army- in retiring from the camp A towards Q,,
is under a neceffity of paffing through a defile, and the enemy
is at no great diftance ; the defile ought previoufly to enlarged
to render the march more fecure : when-that is impra&icable,
fome chofen infantry with a few pieces of cannon thould be
pofted on the fides of it. In 'cafes of particular danger, a
firong entrenchment muft be thrown up at the entrance of the
defile, or at leaft a chain of redoubts at praper diftances from
each other, lined with cannon and mufquetry; the army thould
then retreat by night, and draw up in order of battle dfter
having pafled the defiles, to reccive the artillery that covered
the retreat; and the infantry thar 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 fhould
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 pafféd, the
bridge fhould be broken down. This manceuvre ought never
to be praifed but in cafe of neceflity, unlefs the intrench-
ment can be made of a very refpeltable profile.

CHAP. VI

OrF 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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ticular difcuffion, I fhall only endcavour to give a few geids
tal ideas on the fubje&.

229. All orders of battle may be reduced to twa, the pa-
rallel and oblique ; and each of thefe may be either offendive
or defenfive.

In the parallel order, thetroops are fo difpofed, as to bring
the whole extent of the front line into allion; this order was
principally pradtifed in the wars of the preceding centuries,
partioularly m level and apen countries.

Ia the obligue oider, a past only of the front line is en-
gaged, the remainder being kept in referve; this is pesformed
with the right or left wing, or with the centre: or with the
twq wings referving the centre; it is thea termed the deuble
obligue. N

An army may either attack or be attacked ; a general may
from fome particular advantage arifing from the nature of the
ground, combined with the difpofition of she tronps, be in-
duced to ftand an atwack : as in the two fellowing cafes 3

1. When the troops are drawn up in 3 pefiticn ma-
turally fireng, where they may receive the onceay’s at -
tack, and feize the firft favourable opportunity of alting
offenfively. .

2. When from the nature of the pofition, the defen~
dants can throw in a fire fo much heavier than that of
the affailants, as to give a moral certainty of repelling
the attack with great lofs to the cnemy, 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 gencrals been preferred
to the parallel order, whenever the ground admitted of it;
fince it affords an opportunity of difplaying the moft mafterly
and confummate knowledge o% taclics, 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 batile
adapted to cerain fituations: but the primary objet. of
every general fhould never be loft fight of; viz. of providing
for the {ecurity of hisown army before he attacks the enemy:
wherefore the diftribution of the troops and the figure of t
grder of battle fhould form a kind of a maveable fartification,

“‘where all the parts mutually cover and defend each other §
and each fpecies of troops {Hould be pafted in the precife fpot
where they can a& with the greateit energy, and oocaﬁc;mlly

ange
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change their operations from defenfive to offenfive: cavalry
for inftance, fhould be pofted on level and open ground,
that they may perform the neceffary evolutions without im-
pediment or embarraflment (189).

The artillery thould be drawn up in the beft fituations for
enfilading the oppofite atmy with round fhot {194), or fiting
cafe-thot againtt their front (195). 1n advancing with the line
of the arny, the ground in front fhould be level and open
(192): this circumftante is not very materia} wheo the army is
not to advance, but receive the enemy in their prefent pofi.
tion; it will then befufficient, if their rear be fecured by ditches
or other obftacles 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 inceflant fire and manceuvre freely

- - - or fome paces behind 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 part
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, 2c0 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 neglected; but thefe intervals
are unneceflary 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 half the front of one fquadron.

In making a long charge in line, the fquadrops fhould
never touch each other, from the almoft ablolure certainty of
their being in diforder before they reach the cnemy.

232. (Fig. 12, Pl. 8) AB is an army drawn up in the
‘parallel order of battle, to engage the frft liae of the enemy’s
CCs and may be fuppofed to be acting either offenfively or
defenfively.

(Fig. 13, PI. 8.) The :rm( Is drawn up in a parallel
erder of battle defenfive; in this difpofition the right wing

Gis
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G is fupported by the artillery A, planted on an-adjacent emi-
nence, and covered by fome battalions B drawn from the fe-
caond line. The left wing A joins to the village C in which
are, pofted the guns D fupported by the battalions F, drawn
alfo from the fecond line. '
- {Fig. 145 -PL..9.) The ninth plate reprefents two oblique
orders of battle: the cavalry is advanced on theright of the
army to attack the enemy ; the left of this difpofition is de-
feafive, being fecured. by the height A, on which are pofted
fome battalions B with artillery C, and farther fupported by
the columns D, kept in referve.

(Fig.. 15.) The cavalry C is on the left of the army in
a defenfive pofition; fince the front line of cavalry being in a
line with the fecond line of infantry is covered by the flank
A, formed by fome battalions, and the brigade of the park.
The right wing D of the army is compofed of the grena-
diers and chofen infantry, fome ranged in column and others
in. order of battle, in feveral lines to march forward to the
atrack. Bgfore the troops advance, the artillery at B keep.up
a heavy cannonade, feconded by the firft line. The fqua-
drons S, {tand ready to feize the firft moment of the enemy’s
being thrown into diforder to charge.
. When ‘two armies engage in one or other of thefe or-
ders,. it is called a pitched battle or general engagement: 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 action. The 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
- alionms, the vitory 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 wifelt precautions could not guard againtt.

The principal maxim is, to adapt the difpofition of the trosps
#o the inequalities of the ground, in fuch a manner that they can-
not be taken in flank ; but may be able to attack in front and
flank, or at leafs obliquely the enemy’s army: and to bring inte
adlion a greater number of men than the enemy can oppofe to
them 3 this is obtained by drawing up the army with a morg

extended
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. exténded front, in order to out-flank the enety; with the
infantry four deep to throw in a heavy fire. - a
The artillery is pofted at the points, whence from thé‘#a-
ture of the ground and.the enemy’s difpofition they ¢an’do
moft execution, e
234. The commander in chief having refolved to give of
receive battle, communicates his intentions to the'gencrals
and the commanding officit of artiflery'; that they ‘rhay
do their utmoft to fecond them. If the commanding officet
of artillery forefees that the feveral -brigades may during'the
adtion labour under a deficiency of men to execute the feves
7al neceflary manceuvres, he fhould apply for a cerrain
number of additionals to be attached to each brigade ; eithet
to affit in working the guns; levelling ‘obftacles ; filling up
ditches; or laying down bridges: for the greater fecurity,
they fhould be under the command of their own officers and
non-commiffioned officers. ' ’
" Itis fometimes impoffible previous to an engagement, to res
connoitre the country fufficiently, to know the points where the
artillery ought to be planted; the commanding officer fhould
in this cafe ride along the front, before  the two armies
come ‘to clofe a&ion; and fubmit his obfervations to the
‘commander in chief, propofe fuch difpofitions of the artillery
as- appear.the moft advantageous, and inflantly execute the
orders he receives. - '
When the armies engage in the parallel order, and confts
‘quently .the whole front is brought into action, the coms
‘manding officer of artillery, befide his ftaff, thould be' at~
tended by fome fubaltern officers, that he may be able'to
fend orders to the feveral brigades; fince during the action
‘he thould never quit the commander in chief without pér-
miffion ; and then only to examine the ftate of his brigades,
or tranfport himfelf to any fpot where his prefence may ‘be
abfolutely requifite : it refts with him to demand extraordis
nary reinforcements for making a vigorous pufh againft tlie
‘enemy, or for futaining a very lively attack.
2135. The officers of the feveral brigades having reccived
- their orders, diftribute the artillery-men and additionals to
“the guns, and immediately open paffages.in the front and
.flank, that they may be able to move without impediment. -
When the army advances in line, the guns are drawn by
horfes to the place of aétion - at the commencement of the
#adlion, the fpare carriages and waggons are placed 250 paces
in
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in the rear, net to endanger their taing blown up, and &
tumbril is kept near each gun with the. light woggons.
The artillery-men and additionals not aétually employed
(hould be fheltered behind the waggons; without which prg+
cautioh,- many ‘men anay be facrificed to no purpofe at the
beginiting of 1he alion, and the guns bacome unferviceable
long befare it is over. ‘

1f infanwry and’ cavalry be ranged in twe lines, that the
fecand may fuppbre and fupply the place of the firlt; how
gvoch more ought the artillery, which during the whole a&ion
is expofed in the firl line, to have fome mon in referve to
fupply the place of thofe that are difsbled, that there may be
always the necefiry nuinber for keeping wp a brifk fire?

The bri%:dc is divided into two pans, each under cona-
mand of a fubaitern ; who is to take care that the fire is weld
directed, and the fervice carried on rly, and withous
confufion : the captain infpects the whoc brigade, replaces
the men that are killed or wounded, and wakes them bring
up another tumbril when the ammunition in the 6nt i

expended. When the aQion is likely to laft loog,

he fends t- the depdt (222) for more ammunitian, and ine
forms the commanding officer of his lofles and expendisure.

. 236. To derive the greateft advantage from amillery, the
firing thould be brifk and without confufion ; and the skmol
atrention paid to loading and laying the guns, thet the fhoy
at the feveral diftances may reach the enemy: an aofficer
will thew his judgment by cannonading that part of the
enemy’s difpofition, which it is of the moft confequence to
throw into diforder; or by firing cafe-thot, when the dif-
tance and other circumftances permit.

Confufion in the fervice of artillery arifes either fram the
want of a proper diftribution of the-men; from their auk-
wardnefs ; or from their being feized with fear, or a (pecies
of delirium, under the influence of which they are defirous of
firing with the utmott precipitation. To prevent which ;

1. The artillery-men fhould be exercifed every day
till they have habitually’ acquired a fuperior addrefs in
the management of the guns, according to the plan of
exercife laid down in the fchool-pratice : 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 brigade to another. The

T 8
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3. ‘Thé men fhould be pofied t5 the refpe&ive guns,
each man informed of his particular duty ; and the ad~
ditionuls praifed in dragging them.:

g. The officer fhould ever preferve an air of coolaefs
and tranquillity, and employ arguments rather than wmes
naces, to encou the timid, and reprefs the ardour of
the violent; punithment fhould not be ufed but in the lat
extremity. : .

. The guns thould fire flowly at firft, by which meansnhe
foldier not being ‘flutried at the onfat will preferve-his-pre-
fence of mind in the heat of the-engsgembnt, end perfom
his duty with coolnels and alacrity. SR e

237. The brigades follow the movements of the infantry,
preferving the proper intervdls. In thewneaixtime, thg wag-
gons and ammanition casts, that are ia front of the fecond
line, follow the gunsatthe diftance ol 250 paces, till the conteft
is determined. If the enemy retire, the carriages are brought
up and the guns limbered to follow more ealily the move-
ments of the army: but if the iffue be unfavourable, the
captaing commanding the brigades, when ordered to retire,
exert every means in their power to fave 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 allion. When all retreat is impra&icable, the guns
fhould be fpiked or rendered uiclefs in fome other manner,
the ammunition blown up, and the princpal articles deftroyed
er carried off. .

238. The commanding officer of artillery, who has al-
ways remained with the commander in chief, fhould have
foreteen the fatal moment of defeat, and have given fuch
directions that the guns may not on the retreat, embarrals
the movements of the triops. On the réceiving the order
to_rerire, he will caule the depit that is ftationed behind the
focond line to move inftantly, and all the brigades of the
firlt 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 experionce he may extricate his officers and men
out of the ftraight to which they are reduced; and as the
limbers are fometimes broken and ulklefs, he will apply for
an additional number of infantry to affift in dragging off the
guns. The brigades and depéty fhould repair as faft as

poflible
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poffible to the place of rendezvous, that the troops may fale
low without confufion. .

. When the army is io lecurity, the captains thould examine
the ftate of their -biigade, and make a report of deficiencies
ta she commanding, officer, who makes his demands ascord-
ingly.;.the artificers are inilantly fet to work to repair the car~
Fiages that ar¢ damaged. _

"€ H A P. VIL

"Or THE ATTACK AND DEFENCE OF F1ELD FORTIW.
FICATIONS.

239. T O tonceive on adequate idea of the beft' mode
ef attacking and defending field-works, their conftruc-
tion and ufe hould: be firlt underfluod : to this end, fome of
the fundamental principles laid down in the Treatife on
Militery ArchiteSture will be here repeated. :

The abjeit of field-works is detence: yet the mode of
defence is very- different from the method of defending re-
gular, or even irregular fortrefits.  Sihce the latter are amply
ﬁ\pp“ed with provifions an’l flores; whereas ficld-works
are open on one'fide and communicate with thie coantry,
by which ‘avenue ‘the troops ‘can always receive fupplies of
provifions, and are generally attacked without the difpafi-
tions and precautions ufual in fieges,

240. Field-fortifications are conftru&ed either with 2 view
of covering an army that wifhes to avoid an engagement, or .
fecuring 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 render a
flege diffizult or imbracticable. Thefe fortifications are diftin
guithed into natural and artificial : in the firft clafs, are ranked
heights that the enemy wifh to get pofleffion of, at the fooe
of which are hollows or fences that are commanded : and
eminences, houfes, villages and woods near to the camp or
field of battle, that may be ufeful as points of fupport, or as
advanced pofts to intrench on.

A pofition on a rififig ground with fteep banks is firong ;
and when on the fide towards the enemy, there be a canal,
river, lake, mortrafy, quickfand, (teep~ pregipice or narrow
pafs through which the ¢nemy mu@t defile before he m':

qttac
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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 interfeCted by large canals or rivers, &c. or in moun-
tainous or firong countries, whither an inferior army is co*
pelled to retire from the open champaign country to avoid
being furrounded and cut off from its fupplies. -

In field-works confiru&ed on the flat parts of a ftrong
country, one ftage 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.
al 242. In the conftru@ion of field-works, regard muft be

ways 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.
‘tural or artificial obftacles cannot be approached by the enemy
in regudar order (242, No. 1): when the intrenchment can~
‘not be made inacceffible along the whole front, a part of it
atJeaft thould 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 thould be fo fpacious, that all the
‘troops may epcamp in good order, and perform the neceffary
manceuvres for defence without beihg ftraitened for room.
-When the army is encamped in one line, 500 paces are left
between the intrenchment and the tents for the troops to
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-
xily extended, left there be too few men to line the intrench~
. ment: when there are any ditches, canals, precipices or other
obflacles to a free communication between the fevcralbp:lm,
: ridges
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bridges fhould be laid and the heights levelled : and the en.
campment fo difpofed, that the army may mave by either flank
in the arder that may appear the moft advantageous for gain-
ing any object in view, fuch as feizing an important poft, &c,

From thefe remarks on ficld-works it may be inferred,

that an officer ought to be camplete mafter of the manner of
sttacking and defending this {pecies of fortification, before he
can be competent to decide upon the advantages or difad-
vaptages of particular fikuations.
-~ 245. Redans conneted by curtains is the moft common
figure for field-fortifications in a campaign country : when
from the mature of ‘the ground this figure muit be deviated
from, it fhould be a maxim that every part .b:({qauhd, that the
Jine of defence mevsr axceed 260 yards, even lefs when
pacticularly vulperable (242, No. 3).

The figure of fmall forts ereted to fecure the flanks, or
ferve as points of fupport to the weakett parts, ar as advanced
pofts, muft depend on the nature of the ground: a covered

- way before the fort, or a fmaller fort conftru@ed within the
larger one will give two ftages of fire.

"} tvere are two methads of fortifying houfes, villages, and

. other large buildings : the one is to clofe and barricado the
ftreets, doors and lower windews an the fide of the enemy
-gnd onlarge them on the oppofite fide, to give free room for
the traops to entey for the defénce : the other is tq eftablith
two ftages of fire, the firt from the intrenchmeant that fur-
founds the village ; the fecond, fram the upper windows of
the houfes. In tracing the intrenchment, an interval of
pacos at leait (hould be left between it and the houfes, that
sraops 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
village and the army, the front and flanks only need be in-
qrenched ; except it is intended as an advanced poft, then the
work (houkl be clofed,

346-NFicld) fortifications may ‘be claflod under three heady
{242, No. 4
{ The firft kind is the mof fimple, and confiits of a parapet
4% or g feet high and 3% feet thick at the top without bane

. quette : this is thrown up in places which the enemy can-
ot spproach without being ablized to defile ; but never on
fiat open ground, unlefs the army ke but littls inferior in
aumbss ta the eneray, The
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. “T'he profile of the fecond kind confifts of a parapet 71 feet
high and 6 feet thick with a broad banquctte, 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 74 to g feet wide and 4§ feet deep. Boih thefe kinds
of intrenchment are liable to be infulted ; or in other words,
expofed. to affault without any previous fteps on the part of
the affailant,

The profile of the third kindis a parapet from 12 to 1§
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 ereting
batteries. A row of palifadoes fixed horizontally half way
up the parapet, or with a flight inclination at the foot of it,
adds much to its ftrength. 'The banquette is from 7£ to g
feet broad, that the infantry may draw up two deep an] 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 : )

5. The parapet is lined with one 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 effectual, and produces more'than
any other, that folidity and confiftence which forms the
excellence of every body of troops. 4

2. Befide the troops on the banquette, there fhould
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 matt ferioug
attack is to be apprehended, a fecond line of infantry
fhould be formed 300 paces from the parapet; with
fame fquadrqns of cavalry, drawn up in the rear an a

& flax
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flat piece of ground, ready to charge the enemy, the
inftant they force the intrenchment.

3. In the third kind of intrenchment, the difpofitiort
of the troops depends upon the mode of attack : when
the enemy makes regular approaches, the fame regula-
tions are to be adopted as in the defence of fortreffes, If
the enemy attempt to carry the work by affault, the
troops fhould be drawn up 3 or 4 deep on the banquétte
to throw in a very heavy fire, in order to make him re-
pent of his temerity. ,

248. The dilpofition of artillery in the two firft fpecies of
field fortifications depends on the nature of the ground, and
thcl: order in which the enemy approaches. The general
, ruleis,

1. To poft the artillery at the parts where the moft
ferious attack is apprehended, leaving to the infantry the
defence of the other parts.

2. If the enemy advance in column, guns are placed
on every point that can enfilade it ; and if in line, cafe=
thot is fired from all the guns that bear diretly on his
front: fome others are brought to bear obliquely with
round fhot. An inceffant firing is kept up, till he is
obliged to retire out of gun-fhot to rally: then the
firing is fufpended ; and every thing prepared for giving
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 difpofition at plea-
fure and keep the defendants in doubt which part he in-
tends ta 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 7co or 8oo paces of the front
of the intrenchment in the parallel order, and then make the
attack 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 feems 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 direéted againtt that part 5

: otherwife
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otherwifes the greatelt efforts fhould be made at the point
where the exterior ground prefents fome advantages : the in-
fantry being difpofed in feveral columns, conne&ted with
other troops and fupported by a fecond line of infantry,
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 difpofitions being made 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 latteris, at the beft, but uncertain ; while
they are expofed to a very heavy and weil-direéted 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 numter of guns are
brought up to filence them ; and when there is any
commanding ground at 200 or 300 paces from the
works, fome infantry is pofied 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 directed againft them to throw the troops that defend
them into diforder; the inftant this is perceived, the
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
artillery bas thrown the garrifon into confuficn.

3. Xny ground in the viciniR: of the intrenchment,
that enfilades or commands it, fhould be occupied by a
fufficient number of guns to take full advantace of this
favourable circumftance.

Aa2 4. In
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4. In the three preceding cafes the diftance of -+
guns from the works thould be from 240 to 340 yeris:
and when very much expofed to the enemy’s muqueiry,
they may be in fome mcafure fhelter=d by calks nltcd
with earth, or with the docrs and windows of theneizh-
bouring houfes: Some officers from an akfurd 2nd 14ife
principle of honour have cifregarded this moae of (o=
vering the artillery ; but thofe who confuit the real Lo-
nour of a foldier will know, that it coufifls in ad-
vancing the interefts of their country in the moft cer-
tain and expeditious manner; it is therefore the firft
duty of an officer to cover his men 2s effeCtually as
pofiible. Some guns ought to march in the rear of
the column to feize any opportunity of afling to ad-
vantage.

251. Artillery is alfo employed in the attack of intrenched
pofts, in the follewing cafes :

1. When the intrenchment is of great extent; as
lines of circumvallation, and expofed to infult : fome guns
are fent with a body of infantry to make a falfe attack
during the night, in order to caufc a diverfion of the
enemy’s troops : the falfe attack js made at a diftance
from the real one, and chHmmences fome hours before n
with a very heavy fire.

2. When the profile cf the intrenchment fecaves it
from infult, a kind of irregular ficge is carried on with
batteries and trenches : thefe attacks are generally di-
reQed againft the flanks of the intrenched camp, o
fome faliant point,. .

3. In battering bridges built of boats, and covered
by redoubts or intrenchinents, fome guns are brought
to the edge of the river, whence they can bear on the
bridge ; aud if the oppofite thore be lined with -1nuf-
quetry or artillery, a fuperior fire muft be direQted
againit it, to cover the guns: when the intrenchment
is injudicioufly conftru¢ted, the infantry after the fire
of the artillery has continucd for fome time, fhould
advance and florm it. ~

4. When the enemy having laid'a bridge of boats,
endeavour to pafs the river; the troops and artillery
that are to difpute the paffage, form oppofite to the
bridge, to enfilade tlic enemy, who having croffed the
bridge in column, will endeavour to deploy in ordert:

. ¢
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of battle; fome guns are alfo planted on the bank to
cannonade the bridge: and if the enemy cover his
paffage by a fire from the oppofite fide, a fuperior firé
muft be eftablithed. It may be remarked here, that
whenever a bridge is to be attacked, or the paffage of
it difputed, and there are guns on both fides of the
river, if the two banks be not on thé¢ fame level, the
troops on the higheft bank will have the advantage,
when the river is not lefs than a mufquet (hot acrofs.

CHAP. VI

Or THE QUARTERS OF AN ARMY.

252. IT is cuftomary to put the troops into winter quara
ters towards the end of autumn 5 and in fomne 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 encamped 3
that is to (ay, the troops that compofc 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; regard is alfo paid to the
pofition of the wings and centre, fo that the troops may on
occafien march forward to the ground that is fixed on for
their general rendezvous, without confufion or danger of
croffing each other in the march. The quarters arc more
or lefs extended in proportion to the diftance between the
two armies, and there is generally a river or defile in front.

2§3.. The brigades of artillery arc generally quartered
together in fome city or town in the fecond linc, with a body
of infantry to cover them.

At every halt during the campaign, the damages were
repaired as far as circumftances would admit ; and advantage
is now taken of the fummcr cantonments, to examine and
put every article in a complese 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 haracfled without
contufion.. When the ammunition is carried on beaits of
burthen, it is unloaded and lodged in fome building not
expofed to fire, and fpacious enough to contain it wil.owt

mlkiﬂi
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mixing the feveral fpecies together.  The officers, non-com-
miffioned officers, artillery-men, «drivers, condu&ors, and

- horles are quartered in the houfes contignous to the park,

with a proper guard ; particularly in conquered countries.
“The commanding officer of artillery having been previoufly
advertifed by the commander in chief, .of the pofition each
brigade is to take up inthe field of battle, and of the route
by which they are refpectively to march, examines the roads
and ground attended by his captains, and orders the necef-
fary repairs to be made to facilitate the march : he explains
to his officers the intentions of the general, that they may
be enabled punctually to execute the orders they receive,
whether by exprefs or concerted fignal ; in the latter cafe,
fome attentive men are pofted day and night to obferve the
fignals. ‘

254. When in front of the line of quarters, or on the
only road by which the enemy can approach the canten-
ments, there is any poft or commanding fituation ; - it fhould
be occupied by a detachment of infantry, fupported by one
or two brigades of artillery, that it may be able to hold out
for fome days, and give time to the army to affemble and
march to its relief. The officer who commands thefe bri-

_gades will confider attentively the nature of the poft, and

the adjacent country, and judge whether it be expofed to
a coup-de-main; and whether it can be ftrengthened by any
additional works : he will communicate to the commanding
officer of the poft, his ideas upon the plan of defence, and
poft his guns at the moft important points, with a propor-

-tion of ammunition in cafg of attack.

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 themfelves 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-
te&ed. Being arrived at their quarters, which fhould be
covered from every attempt ofthe enemy, 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

§ield in the enfuing fpring with recruited ftrength and vigour,

F I N I S
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MILITARY BOOKS,

PRINTED -FOR

7. E G E R T O N,

AT THE

Military Library, #Whitehall,

. ULLER’s Works of Fortification, Attack and
A Defence, Engineering, Artillery, &c.

2. 8imes’s Military Guide far Young Otficers, containing
Parade, and Field Duty, Regylations, Qrders, Re-
turns, Warrants, &c. 8vo. 1os. 6d.

Military Courfe for the Government and Con.

duét of a Battalion, 20 copper-plates, coloured, 8vo.

10s. 6d. <

- Treatife on the Military Science; comprehend-

ing the grand Operations of War, and General Rules
for condu&ing an Army in the Field, 4td. 1gs.

Regulator to form the Officer and complete the

Soldier, 8vo. 6s.

Inftru®tor for Non-commiffion Officers and
Private Men, 1amo. 3s. 6d.

- Rudiments of War; comprifing the Principles of Mili-
tary Duty, 8vo. 6s.

8. Difcipline for the Norfolk Militia, by Lord Townf-

' hend, &c. g2 copper plates, 4to. 13s.

9. Regimental Book for the Ufe of the Major or Adjutant,

beautifully engraved, with procrer Heads, fol.

10. Returns for Horfe, Dragoons and Foot; Mufter-Rolls,
Atteftations, Furloughs, Difcharges, &c.

t1. Miller’s (Capt.) Art of Self-Defence, on copper-plates,
folio, tos. 6d. :

12, Orders relative to the Sale of Commiffions on Full and
Half Pay. ' ,

13. New Exercife by his Majefty’s Order.

14. Recruiting Book for the Army, 2s. 6d.

15. New Art of War, by Capt. Anderfon, 8vo. 3s. Gd.

}6. Jones’s Artificial Fireworks, 7s. 6d.

-
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17, !Drummer’:
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18.
19.

20.
21.

22.
a3.
24.
25.
26.

27.
28.

29.
30.
31.

32.
33

34-

35
36.

37-
38.

39-
40.
41.

42.

. MILITARY BOOKS.

Drammer’s Inftru&or, with Englith and Scotch Duty,
with Beatings, Marchings, Calls, &c.

Cadet, a Military Treatife, 8vo. gs.

Phipps’s Military Difcipline, with copper-pl. 12mo. 4s.

General Effay on Taéics, 2 vol. 8vo. with 28 copper-
plates, tranflated from the admired Effai Géncrale
de Ta&ique de Guibert, 2 vol. bound, 14s.

Saldern’s (Gen.) Taics, tranflated by Landmann,
7s. 6d.

Lochée’s Field Fortification, with copper-plates, 8vo. gs.

Obrien’s Naval Evolutions, with copper-plates, 4to.
ros. 6d.

Military Inftru&ions for Officers detached in the Field,
copper-plates, 12imo. 4s. 6d.

King of Pruffia’s Military Inftru&ions to his Generals,
cuts, 8vo. gs.

Campaigns, 12mo. 3s.

Dalrymple’s Military Effay, cuts, 8vo. gs. -

Bell’s. Effay on Military Firft Principles, 8vo. gs.

Donkin’s Military Colleétions and Remarks, 8vo. 4s.

Cambridge’s Account of the War in India, many large
plates, 8vo. 6s. : -

General Review, Manccuvres and Exercife, cuts co-

- loured, 8vo. 3s. 6d.

Wolfe’s Inftruétions to young Officers, 12mo. 2s. 6d.

Elementary Principles of Taétics, many copper-plates,
8vo. 6s. :

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, gs. :

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.

Hiuts to the Gentlemen of the Corps of Mounted Yeo-
manry, with copper-plate, 1s. 6d.

43. Paymafter’s Abftra&ts.









