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162 OF PROJECTILES.

138. There may be fome defeds fo flight as not to merit
attention ; while there are others that mult 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, ora failure in other
points previouily concerted with the contractor,  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 ferupulous in their examination, left the foun-
ders under pretence of the minute firictnefs of the fcrutiny
enhance their price.

139. Iron guns thould be fubjected to the fame proof and
examination: but as the hardnefs of the metal is afcertained,
there will be no reafon to apprehend any orbicular cavities
being formed in the charging cvlinder, or any impreflions
made by the fhot in the bore. If properly caft of metal of a
good quality, they may be proved with iron fhot without
fear 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 : but any little hollows or
flaws in the chafe may be difregarded, unlels from their num-
ber and proximity, there be reafon to apprehend an eflential
defect in the interior of the metal.

$.BE C O N-BenP-AR--T.

Or ProjecTILES.

141, TH ERE are two general methods of annoying’

an enemy : with miffile weapons ; or with pointed and cut-
ting inftruments, Under the firft head, the ancients made
ufe of the baliffa and catapulta, for throwing large flones and
arrows to great diftances ; and of fings and bews for throw.
ing them to fhorter diftances.

The

———
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‘The invention of the powder gave rife to- the cafting of
guns and mortars ; which project iron fhot and fhells of
different fizes ro very great diftances, for the deftrution of
men, and the demolition of fortifications and buildirgs.

“he non.commiffioned officers and foldiers of artillery per-
form the operations requifite for producing thefe effe&s,
The theoretical part of the profeflion confifts in certain
principles and rules, with which the officers ought to be
fully acquainted : as from mere practical knowledge they can
never hope to be diftinguithed ; nor can their country reap
from their exertions the advantages expected from a corps,
Purpofely fet apart in all armies for this particular fervice.

Our anceflors fecling the neceflity of regulating their
Praclice by fixed principles, were foon convinced, that, to
expertnels and adroitnefs in the mechanical parts, it beho-
ved them to join a juft theory ; that from a knowledge of
caufes they might be enabled to account for effe&s, and
conduét their experiments without the confufion and abfur-
dity inevitably attendant on an erroneous fyftem.

If it hath not already been fufficiently proved, that an
artillerift fhould be converfant in phyfics and mechanics ; the
fecond part of this work will clearly demonttrate, that unaf-
fifted by feience, he never can enfure facility and ceconomy
in execution, which is the moft certain and ready method
of obtaining vitory, the fole object of military operations.

142. To this end, each fhot fhould Srike the objest in the
manner that will produce the bejt effect that circumflances
admit of ; or in other words, tbeprf:je.ﬂi!e Jhould produce
the greatefl effect poffitle in any particular cafe. The offi-
cer then, who commands a battery, thould examine the
calibre, fhage 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-
jedtile ; the refiftance of the air to its movement ; it’s nature
and form : the quality and fize of the objeéts againft which
the fire is to be directed ; their relative and abfotute fituation -
the pofition of the enemy’s troops ; and the nature of the
ground.  Each of thefe circumftances merit a particular dif-
cuffion,

L'y CHAP,
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CalA Pk

OrF thEe InitiaL VerociTy OF PRoJECTILES.

143 TH E initial velocity of fhot and fhells muft be in-

difpenfably known, before the problems in projectiles can be
folved : but as it may be much diverfified by the quantity
and quality of the powder, the force ufed in ramming the
wads, the clevation of the guns, and the length of the bore ;
it is neceffary to treat all thefe circumftances more in detail :
.the powder will be fuppofed to be the fine " war-powder in a
good ftate of prefervation.

1. The largelt fervice charges for heavy guns, are
equal to ; of the weight of the thot in 32 and 16 prs.
and to 3 in 8 and 4 prs. Thefe charges are only ufed
on particular occafions ; the wads are well rammed, that
the powder being clofely collected at the bottom of the
bore, may all take fire in the piece; and that the in-
flammation of each grain being as inftantaneous as
poflible, the thot may nave the greatelt initial velocity.

2. The medium charges are § of the weight of the
fhot in 32 and 16 prs. and } of its weightin § 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 thot. :

3. The fmaller charges are equal to 3 ; and the leaft
to + of the medium charge. © Thele 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 veloctties 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
fitlt part of this work.  Shot made, as direfled in the

firt
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it book of artillery, have heen found adequate 'to every

purpofe; nor can their furface be more polifhed, or
their firures more perfeét, without incurring an exor-
bitant and unneceffary expence. :

144. 'he initial velocities of fhot are determined from
experiments made with {kill and difcernment, and condutted
with care and circumifpection : before we proceed to'the me-
thod of determining them, it will be neceffary to mention’
the principles adhered to in carrying on the experiments.

1. The piece was always loaded in the fame munner, -
and placed exaclly in the fame pofition, left the refult
might be erronecus.

2. Since effects are always proportioned to their
caufes, when any remarkable differencearifes in the courfe
of the experiment, it fhould excite no amazement;:
as it muft proceed from negligence or accident. Some -
pratitioners take the mean refult of all experiments,
but conclufions drawn from thence muft be faulty.’

3. Infpite of the utmoft 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 apjwoach neareft to each other : this may then be-
confidered as the abfolute refult. If, for example, the
queftion be concerning the length of ranges ; the mean
only of thofe fhould 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 exact
manner, ,

145. There are three methods of determining the initial
wvelocity 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 projectile on quitting
the piece.

3. By deducing it from the thicknels of metal of the
fire-arm, when it is in equilibrio with the preflures of -
the elattic fluid, in every point of its length, The .

3 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 velocities are compounded of the im-
pulfion and preflure, as has been explained in the funft
part.

146. The initial velocities are found very nearly by the
firft method (145, No. 1.) if the butt be perfectly homo-
geneous and confiflent. ‘To determine its confiftence, fire
a piece of fmall calibre, with an iron fhot 1 inch in diameter
= D): and meafure the initial velocity = # =200 feet, ( Trea-
tife on Powder 164, 165). ‘Then the piece being loaded
and fired as before, the penetration of this fhot into the butt
will be 15 inches=8; and fubftituting thefe data in the
formula fS§=D U *; we fhall have fxi=+4sx1200";
then f =g6ooo for the confiftence of the butt: let it be
written in the formula, which theén becomes g6ooo § =D U 2.
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==5 of the penetrations of
the fhot ; fuppofe it=8 feet, and the diameter D of the
fhot=4 inches ; then by fubitituting thefe data in the for-

/ o X 8x
mula, g6oocox 8=+ U*; hence U= gboo;TS_xgz
1517 feet, the initial velocity fought, In thefe experiments,
the penetrations fhould be at fuch a diftance from each other,
that the loofening of the ecarth by the firlt (hot, may not
facilitate the entrance of the others ; the leaft difference will
be then perceptible, fince the penetrations of the fame (hot
are as the {quares of the initial velocities.

147. To determine the initial velocities, by analyfing the
curve (145, Mo. 2); let us take the nrft part of the curve,
where the effe& of gravity has not been fenfibly altered
by the refiftance of the air. It is a matier of indifference,
whether the fpace that the fhot pafs through by the gravi-
tating or impelling power, be firft confidered ; fince the latter
may b deduced with equal facility from the former, as the
former from the latter. et us in the firft place examine
the ipace pafled through by the power of gravity.

(Pl s, Fig 14.) Let the gun A B, mounted on its car-
riage, be placed on an even and folid platform, and laid ina
horizontal direétion A C ; fo that the fhot at the firflt graze
may

—
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may touch the earth in the point G of ‘the horizontal line
D F: the vertical diftance K G between the two planes,
exprefles the fpace=S paffed through by the gravitating
power, and the horizontal line D G=AK exprefles the
length of the range, or the fpace =g pafied through in the
fame time by the impelling power. If the known value

g_3% 18 #*
S 4

K G be fubftituted in the formula , it will give

-
: : : /2KG | : .
with great precifion the time = — % in which the

thot is driven from A to K by the impelling power. Hav-
ing fired feveral rounds, and meafured the length D G of
the rdnges, take the mean=g (144, No. 3); and confider-
ing this fpace as uniformly paffed through, efablith the
following proportion ; the time=¢, is to the fpace pafied

through=¢ ,as one fecond, is to the fpace= :i which the

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

2X4 5
22..18

fecond ; and fuppofe AK =700 feet, :henf_= \/:_m}

32. 18

!

city. For example, K G=4 feet, then t=4/

—

2oy 400 feet, the initial velocity fought. The initial ve-

1

locity thus found, is not abfolutely juft, fince the fhot, from
the moment of quitiing 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 {hortened, the initial velocity will
be greater, and approach nearer the truth.

148. To determine the length of the movement of im-
pulfion A M, in order to deduce from it the fpace paffed
through by gravity ; place vertically in M a butt L M N,
lay the gun in a_horizontal dire&ion, or nearly fo, and at M
where the line of direction cuts the butt, draw tranfverfely a

Ly horizontal
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horizontal line. Fire fome fhot into the butt a5 nearly as
poflible in the fame direétion, fo that after each round the
vertical diftance M H between the horizontal line marked
on the butt, and the hole H made below it by the fhot,
may be exaltly meafured: take the mean M H=S (144,

/o MH

No. 2) and fubflitute it in the f = . tl
0. 3) and fubflitute it in the formula t= / < then

by meafuring the difftance Ddb.=AM=yg¢, it will give the
fpace paflfed through in the fame time by the movement of
impulfion; and confidering -this fpace, as uniformly paffed

g

through, _ / ZMI; will be the initial velocity fought
32.1

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

2
_I_ ——
then t= \/2_><T =L of a fecond, and \ﬂ A H::
32.1 2218

2—?0:1200 the velocity fought. The nearer the piece is

=
brought to the butt, 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
thay be applied to guns of all Iengths and calibres. The
velocities may be compared together when the experiments
have been made under a conftant ftate of the atmofphere ;
but as its frequent changes affect the explofion of the pow-
der, the following rules fhould be obferved :

1. To make the experiments under a mean ftate of
the atmofphere both with refpect to heat and moifture ;
as the inflammation and explofion of the powder are
then imuich 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 &
gun of fmaller calibre of a known initial velocity, asa
wall-piece, placed very clofe to a butt perfeétly homo-
genous, to alcertain whether the penetrations be regular.

3. If the refults be conftant, it will be a proof that
the procels has been juft in every particular, and thlat

. the

—
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the flate 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-
l€ted : but if the refults from both pieces are irregular,
it will be proper to defer the profecution of the expe-
rimenes till another day, when the atmofphere is more
fettled : in the mean time the utmoft attention fhould
be paid to re&ify any error in the apparatus, or in the
mode of conduéting 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 the afternoon
the initial velocity of a 16 pr. be 1424 feet, while that
of the wall-piece be only 1600; a few rounds fhould
be fired from the 32 pr. the initial velocity of which
muft be neceffarily lefs than it was in the morning;
fuppole it to be 1315 feet: the following proportion
13%3 _>£_x_4__2_{.: ;493

1315

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
flates of the atmofphere, may be compared together.
with fufficient accuracy.

150. If under a mean ftate of the atmofphere, with re-.
ipect to_heat, denfity, and moifture, thefe experiments be
made with guns of medium length loaded as before (143)5,
it will be found, en firing them in a horizontal direction :

_ 1. That with the largeft charges the initial veloci=
ties are nearly as follows :

willbe formed, 1315:1383:: 1424

Nature of Guns Initial Velocities.
Prs. y Feet.
32 — 1517
I — 1618
Shot 8 % 1606
4 = 1720
2. That
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2. That with the medium charges they are very
nearly as follows ;

¢

Nature of Guns. Initial Velacities,
Prs, Feet.
22 71 1350
16 — 1416
8 o 1449
4 e 1467

3. That with the lefs charges (143) they will be
about i lefs than with the medium charge; for in-
ftance, a thot from a 32 pr. charged with 711bs. of pow-
der, will be impelled with an initial velocity of about
1180 feet, and a fhot from an 8 pr. with 21lbs, 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 1ib, 10 0z. of powder, will be impelled
with an initial velocity of 1061 feet; and a fhot from
a 16 pr. with 2}ibs. of powder, with an initial velocity
of 1028 feet. It fhould be recolle@ted, that with {mall
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 furet mode of keeping all circum-
flances as nearly equal as poflible, is always to ram the
wads well.

151. In experiments with three or four guns of the
fame calibre, but of different lengths, loaded as above (150,
No. 2); the following rule will furnifh an approximation
fufficiently exaét to draw from it conclufions applicable to
practice. (Pl 5, Fig. 15,) EBF reprefents the bore of a
gun of any calibre; the medium charge of powder D and
the wad § are fo placed, that the fhot A is diftant from B

ZAF\amd

three diazﬁctcrs of the bore FE: make F C=

from the point C as centre, with the radius C A, defcribe
the arch AK PR, reprefenting the fcale of initial velacities,
by lines drawn perpendicularly from AF to the arch, To
determine the initial velocity of a fhot fired, for inflance,
from a long gun B L (66), loaded in the fame manner (1 Iao,

Q.
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No. 2); a 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 velocity, make the
following proportions : the relative velocity F P of a gun of
the length BF is to its abfolute velocity, as the relative
velocity L Q_of the gun B L is to its abfolute velocity ; by
the fame method thgjinitial velocity of a fhot impelled from
a gun of any length as BG may be found. The fcale
A KR would ferve for longer guns, but it fhould not be
ufed (65). -

152. Experiments made with a view to' determine how
much the initial velocities of fhot are affected by the differ~
ence in the lengths of the guns, fired with different charges
of powder, will be found (o vary very little, from thofe com-
puied 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
m the piece, the following modifications ought to occur ;

" 1. In diminifhing the charges in guns of the fame
calibre but of different lengths, the initial velocities of
fhot from the fhort pieces fhould correfpond more nearly
thofe from the longer ones, as the charges of the latter
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 luppofed to be fired horizontally, or nearly fo : but the
velocities increafe as the guns are elevated, which proves
that the entire inflammation 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
(150, 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,
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CH AR e

~ OF THE CURVE DESCRIBED 8Y CANNON SHoT.

155. TH E charges of powderf for common fervice
have been already mentioned (150, No. 1 and 2); the
objects againft which they are directed fhould not be very
high ; and to fire with effect, be lefs than 1000 yards diftant -
cven then the air’s refifiance to the thotis very great, though
its cffects on the gravitating principle be almoft infenfible.
When the line of delcent is lefs than 260 fest, and the time of
the thot’s flight not more than 4 feconds, the {hot’s path is a
curve of the fecond Kind ; fo denominated todiftinguifh it from
the curve of the fourth kind, where the niovements of unpul-
fion and gravitation are both greatly affeéted by the refittance of
theair. In the Treatife on Powder, it was demonitrated that
the air’s refiftance confiderably retarded the movement of
leaden bullets ; and in the laft chapter on hydroftatics, the
air’s refiftance to military projectiles is exprefled in pounds.
In this chapter we propole to determine the Jaw by which
the air retards the movement communicated by the impel-
ling power, in another manner, viz. direttly by its forces.

- 156. T folve this problem, we muft find experimentally
tbej?:nfe of [paces pajfed through during the time of an impui-
ﬁw movementy retarded by the medium that the fhot flies in :
the iniial velocities may be found by the method exprefled
in the lalt chapter. Hitherto we have only confidered
the cffels of the alterations in the ftate of the atmofphere,
on the inflammation and explofion of the powder, and con-
fequently on the initial velocities of thot ; we will now ex-
amine how far they can vary the air’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 finall
guns 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 ‘elevated foot fhould be
chofen for thefe experiments, where, the gun laid horizontally,
may be directed to the right or left, that the firft grazes

of
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of the thot may feverally be on planes one below the others
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 3, 1, 13, 2, 23, and 3
feconds; thus, the equation of the feale 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 d g EPL: 5 7 Fib.
7): turn the gun to the place 16 feer below its plane 3
fite fome rounds, and call the mean rp; let nébe the
mean to the place 36 feet, and K yto the place 64 feet
below the gun. On the direlrix 4 K fet off the timesz=

55

22. 18

defcent 4, 16, 36, and 64 feet ; and ere& from the points 4,
r, n, K, perpendiculars to the line ¢ K, refpedtively equal
to the means of the ranges already found ; the line agp by
paffing through the extremities of thefe perpendiculars, will
be the feale of fpaces paffed through during the times of the
retarded movements of impulfion. - 15
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 moeuntain as (Pl. 5. Fig. 16) H L A, at the
bortom 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&igns 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 feet, that the refitance of
the air may not fenfibly affe@ 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 initial
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=RR,
from the point H=N Z ; mark upon the directrix 4 K (PL.
, Fig. 17.) the times correfponding to the vertical lines
é; K,PF,ZX ; ercct from the points 4,7,n, the normdl
lines dgy7psn b equal to the means of ranges alréady found,
and

—ad, ar, an, a K, correfponding to the lines of
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and drawing a line through the points a gz p by, it will be the
fcaie of fpaces in the times of the retarded movements of
impulfion. :

158. Having conftru@ed this feale (156, 157), the refult
of the experiments thould be examined to fee that there be na
error, andas it is the lcale of a retarded movement, it fhould
have the properties exprefled in the treatife on moving bodies :
in the firlt place, the line ag p 6y fhould be a curve concave
towards the diretrix, and the differences pm, 5o, L y be-
tween the ordinates, (hould decreafe in a regular progreflion
from a to y; wherefore, if the fcale be a right line, or a
curve convex toward the diredrix, it is a proof that fome
errors have been committed in making the experiments, or
in taking the refults. - But if they differ a little in one or
two points only, it is immaterial, fince fmall errors are ine-
vitable : when this occurs, the differences thould be judici-
oufly corrected. "' this end, deduct the fecond differences
from the firlt; and if the refults be ftill erroneous, take the
third differences ; in the latter, the leaft irregularity in
carrying on the experiments will confiderably diturb the
order of progrelfion. To fet this matter in a clear point of
view, fuppofe the following to have been the refult of the
experiments.

Spaces paffed through by the Shot from the impulfive motion
in correlponding times.

Differences.
Seconds of Time; Feet. Firft, |Second. |Third.
1 — 1302 et —_ —_— =
2 — 2394 —_ 1092 | — | —
2 -— 3310 —_ 916 [ 176 [ —
4 i 4082 — 772 | 144 | 32
B S AFROT.. 648 | 124 | 20
D, = 5284 L mem 5541 94| 30

If no error be perceptible in the firlt ; but in the fecond,
the progreflion does not decreafe regularly, and in the third
the difference after decreafing from the firft term 32 to the
Tecond 20, increafes from the fecond term 20 to the third
term 20, to correét thefe errors, let the refults be modified as
below ; then will 31l the differences decreale jn a regular
progreflion and be fufficiently accurate,

Refults
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Refults modified. Differences.

Beconds of Time, Feer. Firft. | Sceond (Third.
X s 1302 — = etiopon] Fater
2 e 2394 oy  forol 00 At
3 —_— 3310 —_ 916 [ 176 | —
. . e 772 | 144 | 32
5 — 4736 —_ 654 | 118 | 26
6 — 5202 —_ 556 | 98 | 20

159. When the feale thus modified has the properties
expreffed in the preceding paragraph, we fhould proceed to
examine whether the refults are juft and conclufive.

F1G. 17. For this purpofe, if agpby be an equa-
tion of this fcale; and i fhe the equation of the feale of
velocities in correfponding times ( Treatife on Moving
Bodies), which fhould be a curve-line convex toward
the direGrix, whofe greateft ordinate @i 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 7 £ 5 e will
approach the dire@rix, and touch it when the fhot has
entirely loft its impulfive motion. For example, fup-
pofe the equation of the curve agp by to be g +ng=
mt; where g exprefles the fpace pafled through by rhe
thot from the impulfive motion, # the time; = and
# are two conftant quantities which exprefs the initial
velocity : if from this equation be deduced the equation

ST . m 2
of the velocities in the times, U:;——-—z—-—-—- will

n
— 4 m ¢
4

lmavg 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
agpbybepr*=4* where p is a conftant guantity, and
2pt
34"
where =0 the velocity is then equal to o, which is 2 ma-
nifeft abfurdity, fince it muft be equal to the initial velocity
of the fhot, - Again, if p t—1*=¢" be the equation for agp

5

the fcale of the velocities in the times be deduced; U=
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by where p is a confiant quantity ; and the equation for the

P . et
fcale of velocities in the times be deduced, e nda Ty

2\ pt—t*
which is an abfurdity ; fince when #=o, the initial velocity is
infinite.

16c. In fine, if the fcale of velocities in the times be
conformable to the retarded movement, the fcale of the
air’s refitance to the fhot at gach inftant may be deduced
from it ; if this fcale 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 feale of refiftances not have the requifite pro+
perties, the refults muft be faulty.  From the equation of the

m
——— may be deduced the

2

n
2 —-mi,
4

{cale of velocities U=

m*

of prefluress =p; then p=-
eals BISHITSE . 08 t2 n"+4:}1tX\/f'¢ﬂ’+m£
is an equation that combines all the requifite properties.

161. The refiftance of the air to the rapid movements of
projectiles depends not only on the a&ual denfity of the at-
mofphere, but on the condepfation 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 veiocity exceeds 1300 feet.

After repeated experiments and obfervations on this fub-
je&t, it appears that when guns are fired with charges. that
give an initial velocity of about 1300 feet, the formula ¢=

€Tk, 5 F e 1 .
il will exprefs the retarded motion of impulfion with fuf-
%

ficient exaélnefls for pradlice, 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 letter ¢ exprefles the line of projection,
which in fhot impelled borizontally always correfponds to the
length of the range ; ¢ the initial velocity of the ‘fhot, # the
time that it takes to pafs through the fpace =¢; and r a
humber proportioned to the diameters of the feveral fhot ;
this number is combined with the actual denfity of the at-

: “moiphere,
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imolphere, and its value may be found by experiment. The
diameters of the fhot are as follows :

Nature of Guns. ", Diameter of Shot,
Pr, Intehes.
22 —_ o — 5.760
16 — — ~— 4.566
8 s o mes 3.653
4 — — — 2.881

If from the denfity of the air, »=12 in a 3alb. fhot, the
value of  for fhot of other diameters may be found by ana-
logy ; hence in a 16lb. fhot, »=g.5 ; in an 8lb. fhot, r=
7:6; and in a 4lb. thot, »=6. If from the denfity of the
air, in a 321b. fhot r=14; then in a 16lb, thot r=11.1;
in an 8lb. thot, » = 8.8 ; and ina 4lb. fhot r=7.

For example, fuppofe from the denfity of the atmofphere
7=12in a 32lb. fhot, of which 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,
1349 X 12 X 2

e T

=2312 feet; and in three feconds, ¢g=

1349X12X3
1243

feet, in three feconds the line of projection is 3640 feet.
In a 16lb, fhot with an initial velocity of 1416 feet, the
1416 X Q.5 X 2
9-5 +2

3237 feet, If the initial velocity be 1517

Jing of projeion in two fecondsis g= =2402
feet; and in 4 feconds is 3985 feet.

In an 8lb. fhot with an initial velocity of 1696 feet, the
line of projeftion in 3 feconds is= 19-99::5—79& =13648

2.6+ 3

feet,

In‘a 4lb. fhot, with an initial velocity of 1550 feet, the
line of projection in 4 feconds is 3720 feet.

Suppofing the atmofphere to become lefs denfe, fo that in
3 32lb. thot r=14; then if the initial VCIQCitY he 1433 feet,
the line of projection” in 4 feconds is 1458 feet,

: M In
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In a 16Jb, fhoty with an ipitial velogity of 1934 feet, the
line of projeétion in 2 feconds is 2599 fect.

In an 8Ib, fhot, with the initial velocity of 1450 feet, the
line of projechion in 1 fecond is 1302 feer.

Ina 4lb, (hot,” with the initial velocity of 1720 feet, the
line of projection in 3 feconds is 3612 feet.

162. If from the equation q:f% be deduced the fcale

of velocities V in the times, (159) V.—::__, which will
r4t*

give the remaining velocities, after the fhot has pafled through
the fpace ¢ in the time #. For example, fuppofe from the
denfity of the air r=r14.in 2 32lb, thot; then if the initial
velocity be 1349 feet, the remaining velocity after 4 feconds

will be V=2340214 —gy6 foct. A 161b. thot, with the
14+4"

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 feet, will after 4 feconds be 7g6 feet. The
remaining velocity of a 4lb. fhot, with the initial veiocity of
1467 feet, will after 2 feconds be 887 feet.

Again, from the flate of the atmolphere » =12 ; then the
remaining velocity of a 32lb. fhot, with the initial velocity of
1517 feet, will after 2 feconds be 1114 feet: a 16lb, thot,
with the initial velocity of 1484 feet, will after 4 feconds be
734 feet : an 8ib, fhot, with the initial velocity of 1686 feet,
will after 3 feconds be 866 feet; and a 4lb. fhot, with the
initial velocity of 1600 feet, will after 2 feconds be goo feet.

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

may be refolved by the formulas 4= %8 O :__32-18t g
r it 2

(Pl, 5. Fig. 16.) Given the initial velocity=c of a 32lb.
fhat fired from A with the horizontal direftion A K, to deter-
mine by experiment the value of r. Suppofe that the fhot
touch the ground in thie point G of the plane D Z, as the line
of projeltion A K=D G =4, and the line of defcent K G
are known ; by fubflituting this laft value in the formula

B 2 K o oA
S:iz—r-'——, it will givey/ =+#, and by {pbftituting

2 32.18
the
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> cre
the known values of ¢, ¢, # in the formula pEvieh the
=

value of r will be found. For example ; let c=1517, and
A K be found by experiment=2655, and K G=064 feet;
¢t =~ ahegxg
ct—g 1517 %2 —2653
=14. Having thus found the value of r for the 32Ib. fhot,
it may be found for the 16, 8, and 4lbs. from the propor-
tion of the diameters of the fhot (161).

164. 'The value of r being given, to find by experiment
the initjal velocity of a fhot fired in any diretion. ~ Suppofe
in the firft place, that when the gun is fired in a horizontal
dire&tion A K, the firlt graze of the fhot is at G : the line
of projection and the line of defcent being known, by fub-

22.181*
2

then 7=3 ; and confequently r=

the timé

ftituting this laft value in the formula S=

of flight will he found: the fubflitution of which in"the
other formula will give the value of ¢. For éxamplej if
an 8lb. thot be fired in the fame refilting medium as in the
preceding paragraph, r=8.8: and fuppofing AK=q;78
fect, and. K G==r44 feet, then #==7; and confequently ;=
gXr+t_3478x8.8+3

rt 8.8x3

Suppofe, in the fecond place, (Pl 6, Fig. 18) that the gun
be fired in a dire¢tion A M, forming with the horizon the
angle M A R, whofe value is known ; and, that the fhot
ftrike the ground in H : by meafuring the horizontal diftance
AR, the line of projetion A M and the line of defcent
MH will be found. If MH be lefs than 260 feet, the
initial velocity will be greater (154), than if the gun had
been fired with the fame charge in a horizontal diré&ion.
Let MH=100 feet, then t=2%: let A M=2920, and the
fhot be a 4 pr. fired in the fame refifting medium as above,
r=7 5 confequently c=148s.

165. To determine the angle of elevation (PL 6, Fig, 19)
D A ¥ under which a fhot with a charge. that gives a
known initidl velocity=c will from the point A firike the
obje&t B, above or below the horizontal line A F,

Draw the perpendicular line B D, and fuppofe D A to be
the direction in which the gun muft be fired. .Then as the

M2 ; angle

=1554.
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angle BAF and the fide AB in the re@angled triangle
BF A are known, the fides AF, BF will alfo be found ;
call AF=m, BF=pn, Since the line of defcent=B D=

S:gz'lSt » and the line of proje@ion A D=g= &
2

r+i‘

DF=3218¢+
o

— 1, according as the point B is above or be-

Iow F. As in the reQangled triangle AFD, AD*=AF"
+D F*, by fubftituting the analytical values we fhall have

¢ : g ., 1035¢% + -
the following equation, =————— =m" + —2— —132,18xf"
= q ] ?’z+2?‘f+f! 3

-+ x* : 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 #==s, 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. Fig. 20.) From the point B to hit the object
L fituated in the fame plane as the gun : the value of # may
be found in the following manner with fufficient accuracy
for pradtice ; 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 obje&, may

be confidered as the line of projection g= -:—_—3_—:, and fubfti-

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

et LA ;81 gives the value of S for the line of defcent L G :

draw the line B G; then, in the reQangled triangle B L G,
the angle G BL will be known : make the angle L B H
equal to theangle G BL; B H will then be the diretion
in which the gun fhould be 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¢ feet (150); and
from the refiftance of the air »=12: by fubftituting thefe

1350X 12 ¢

numbers in the firft formula, 1680= , and con-

fequently
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fequently t==1.4 again fubftituting this value in the fecond

formula S= 3}-'—I-i—xﬁ=3| feet=L G, and finding trigo-
nometrically ~ G BLz=1° 7, the £ L B H that was fought
is alfo 1°, 2",

167. From the preceding theory, (Pl. 6, Fig. 20) it will be
eafy to determine the value of 7 and the initial 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 z60 feet ; and, fuppofing the fhot to
firike the ground in E, find geometrically the line of pro-
jection B D=g, and the line of defcent DE=S; and, by

the formula S= :i-z'—ls-f-ﬁnd the time ; then fubftitute thefe

values in the equation BD =g=:——:.. If the gun be again

fired with the fame elevation, and exally 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 oneE ;
having found geometrically the line of projection B K =g,
and the line of defcent K G, find the value of #, and fub-

ftituting it in the equation BK=¢= f-f-—_i_i ; thefe two equa-
r

tions will give the values of ¢ and r. :
Suppofe, in the firft inftance, that B D=1820 feet, and

DE=36 feet; and, in the fecond, B K=3237 feet, and

K G=144 feet: then fubftituting thefe numbers in the firft

C3

3
2

formula, 1820= ——; and again in the fecond, 3237=

£rX3

; from thefe two equations, ¢=1348 feet, and r=12,

In firing againft the height, R H (PL 6, Fii;l 18) having
fired one round from A, in the direétion A M; the gun
{hould be advanced to L, or retired to P 3 and, from one of
thefe two flations, a fecond round fired with the fame eleva-
tion ;) fince whenever it is altered, the initial velocities differ
) | .

: 2%8 The elevation AD, (Pl 6, Fig. 21) and the
initial velocity =¢ being given, and the value of » and of
the line of defcent B D being known, to find the dire@ion

M3 and
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and the quantity K B of compound velocity, with which
the fhot ftrikes the point B.

From B D deduce the value of 3 and by the formula #
=32.18 ¢ of the velocities in the times through the move-
ment of gravitation (Treatife on Moving Bodies 283) find
the value of #, which fet off from B to H: from the point

H draw HK parallel to D A, and by the formula V= c-:r’
E
(162) find the remaining velocity =V arifing from the
movement of impulfion after the time ¢ ; then by fetting off
its yalue from H to K; and drawing the right line BK, it
will give the dire@tion, and the quantity of compound velo-
city which the fhot has at the point B. Let R D=144
fect, then t=3, and «=32.18x3=06=BH ; and fup-
1350 X 13’

1343
=891 feet ; and fince the £« BHK is equal to the 2
BDA which is known, the direQtion will be found, and alfo
the quantity of compound velocity B K.

pofe ¢ = 1350 feet and r=13 ; then HK =V =

32.18 *

169. A combination of the formulas S—=

g e dm
2y (163 ) will give the equation § = 32.18 .
T 4 ¢ -
?‘!. rt '

i P e appertaining to the curve of the fecond
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-
quired ; it will be fufficient to fire a round in a diredtion
A D correfponding to the given velocity ; and fuppofing the
fhot firikes in B, by finding geometrically the values of the
line of projeétion A'Dz=¢, and the line of defcent BD =S,
and fubftitdting them in the equation of the curve, it will
give the value of . Again,to find the initial velocity, and
the value of #; it will be neceffary to make two experi-
ments with the fame charge, and at the fame elevation (16% )
in“cach of them the values of the lines of dirc&ion and de-
feent maft be found and {ubflituted in the formula S=8
32.1

2
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TEC & i e :
32 % ———y whence the values of ¢ and r may be

[ r—q
deduced.

The application that will be made in the following chapters
of the doctrine here laid down on the unequal movement of
il:npulﬁon (161) will enable us with a moderate fhare of
difcernment, to derive the greateft advantages (141) from
the ufe of artillery.

170, To determine the curve of the fourth kind ; when
thie refifiance of the air to the two unequal movements that
conftitute it is great, and the ranges are lonz 5 it is neceffary
to make a courfe of experiments, which from the continual
variation in the Rate 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 farif=
faGtory on this head, [ 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 elevated fituation, where the gun may be turned
to any fide; fo that the fhot may feverally ftrike ‘points, one
below the other, in fuch a proportion that the lines of delcent
may be 848, 1696, 3046, 5088 feer. From this fpot fire
feveral rounds in a horizontal diretion towards the fame
objedt, with a charge that gives a known initial velocity, in
order to obtain a medium of horizontal ranges and of lines
of defcent. Perfons {hould be ftationed at different parts
with fecond watches, to reckon exaétly the time that the thot
takes from the inflant they fee the fmoke of the gun, till it
touch the ground. Having found the mean of the two
movements of impulfion and gravitation, furn the piece
towards another obje&, in order to obtain a different me-
dium, then towards a third and a fourth, with the fame

recautions as before.

Thele experiments fhould be repeated with a gun of a very
different calibre, with the fame care and attention (156),
¢hat the refults may not be affeéted 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 wellstempered clay, which will be thus

M 4 com=
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completely enveloped by the melted metal ; the refiftance of
the air to thefe projectiles will be much more fenfible. If
this hollow fhot be to a folid one of the fame diameter, 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 a
much more {imple manner.

After the experiments, conftru@ two feales for each gun :
one for the fpace pafied 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 diretrix. 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 exprefled as to ferve for
all the different ftates of the atmolphere.

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 inference 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 op-
poled by air of 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 defcent 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 different heights ; whereas by
firing always from the fame place H (170), the fhot
will at the firt graze firike 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 direGtion H X.

To afcertain the modifications that take place in the
inflammation and explofion of powder, and in the refiftance
of the air to projeciles, owing to alterations in the ftate of
the atmofphere, the following experiments may be made:
Let a mufquet be fired very clofe to a butt in the bottom of
a valley 3
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a valley; and another be fired with an equal quantity of
powder of the fame quality againft the fame butt, at the
diftance of 675 feet : at the fame time let another perfon, at a
place 5000 or booo feet above the former fituation, difcharge
a bullet from a mufquet of the fame calibre equally charged,
and at the fame diftances as the former one, againft a butt
equally homogenous and confiftent : the penetrations will be
much decper 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 diftance of
675 feet, than from the upper one at 675 feet. Thefe effeits
were fo fenfible in the campaigns of 1743, 1744, and 1747,
in the ALps, that there were days when the mufquets fired
at the top of the mountains ranged 4 more than the fame
mufquets at the bottom : fometimes the mountains were
enveloped in thick clouds, while the vallies beneath were
perfectly clear ; at other times the atmofphere in the vallies
was loaded with vapour, while thofe on the heights 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 law of each
of the unequal movements that conftitute the curve of the
fourth kind ; let a gun be frequently fired from a horizontal
plin PAK, (PL 6. Fig. 18.) at the foot of a mountain
K 1 H, with the fame elevation K A M, and with a charge
that gives 2 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 I,
the lines that exprefs the movements of impulfion and gra-
vitation, may be longer : remove the guns fill farther from
K, and fire as before; and, having taken the mean refult,
retire the gun to a fill greater diftance from the mountain,
fo that the fhot falling on the plane P L, may give the
longeft lines of projetion and defcent poffible, under thefe
circumftances ; always ufing a fecond watch to mark the
time of flight of the fhot; and, taking every precaution
to know whether the flate of the atmofphere remain the
fame. From thefe refults two fcales applicable to the ufes
before exprefled (170) may be conftruéted. Experiments
conduéted in this manner cannot be very erroneous, but,
their refults are more complicated than the others, (170)

fince
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fince the fhot in afcending, paffes continually from a denfe
to a more rarified medium, while the reverie takes place
when the fhot defcends,

C.:H:AP.. 1L

Or taE Errects oF CANNON SHoT oN Works.

g THE ‘ufe of heavy artillery (64) is to ruin and
demolith permanent fortificarions and ‘works.

In the attack of fortreffes, 32 prs. are ufed for battering
in breach, when the ramparts are of grear folidity ; but,
from the great expence actending thele heavy guns, and the
difficulty of tranfporting them, 16 prs. ferve for difmount-
ing the artillery in the outworks, and beating down the de-
fences. For richochet and hot-thot firing, 4 and 8 prs. are
ufed, as they require lefs amrmunition, and fewer men to
work them,

In the defence of places, againft which the befieger can
eftablifh any number of batteries he pleafes, the proporrion
of 32 prs. tholld not éxcéed a third of the whole . nuinber of
guns in the garrifon ; as'§ prs. will ferve for firing againft the
opening of the trenches, and 16 prs. againft the approaches :
bat, if the fituation of the ground be fuch, that the artillery
of the place has a decided fuperiority over any barteries the
beficger can erett ; then, to take full advantage of this cir-
cumitance, the number of 32 prs. thould be increafed : long
4 prs. will keep the enemy in refpect around the place, and
a few fhort light pieces (66) may be held in readinefs for
making fallies.

174. To ufe firc-arms to the greateft advantage, the
effect of each fhot thould be obferved: (141) for this
purpofe ;

1. The guns and carriages fhould be conftrudted
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 defe@ive in fome
material point, he ought to confider by what expedient he
can
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can beft remedy the defeét: the charge fhould be leffened,
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 fhouid be both theoretical
and praltical : to afcertain the nature of the curve de-
feribed by a projedile, 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 moit
expeditious manner, to repair any aceident that may hap-
pen, is the part of the theorift, and of the officer. The
non-commiffioned officers and foldiers are infiruéted in the
part purely practical : they are taught

1. Toload the guns in a regular and uniform manner,
and to ram the wads when the fame charge is ufed,
with equal force ; a neglect in this point is the caufe
of great irregularity, particularly when the guns are
deprefled.

2. In laying the gun, to remove every obflacle that
can tend to derange the firing,

3. Having by two or three rounds afcertained the
diretion for hitting the object, to continue it without
variation. .

176. That the gun may be placed at a proper diftance
from the objeét (174, No. 2); the fhot’s path muft be con-
fidered, and allowance made for every circumftance that can
affect the range : the relative fize and pofition of the object
muft be particularly attended to ; for, when it is much higher
than the gun, though very diftant and narrow, it is more eafily
bit, than when lower and of greater extent; fo that the
lower the objelt 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&ted in the
firlk part of the. attack, does not exceed 7 fect, as the para-.
pets, the exterior of the embrazures, the heads of faps, &c.
The greateft diftance at which guns fhould be fired againt
fuch low objedts, has been fixed in our military treatifes,
at 680 yards. '

177. After hitting the obje@, the next point is to cona
fider the degree of force requifite to overcome its refiftance :
for, if this be fuperior to the impetus of the fhot, no effe&
will be produced; and, when greatly inferior, it may be
fometimes proper to diminifh the force of the projettile,
in order to produce a greater effet, and avoid {poiling the

guns
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guns before the fiege is over, by firing with large charges:
The following confiderations may perhaps affilt an officer
commanding 2 battery, in forming his judgment on this
occafion.

1. The largeft charges are only ufed when a great
force is required, and exaélnefs in firing is not abfolutely
neceflary ; as battering in breach from 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, g).

2. The lefs, and even the lealt charges will ferve
for battering towns or villages furrounded with a fingle
wall, unfupported with a rampart of earth ; fince a fhot
impinging on a thin wall with great force, makes a hole
without fhaking the conriguous parts : thus it requires
a greater number of rounds with large charges to
demolith them, than if the charges were diminifhed.
Should the fituation of the ground permit the gun to
be laid on an oblique direttion at the obje&, the me-
dium, and even the largeft charges may be ufed : in this
cafe the effects of the (hot are in the ratio of the angles
of incidence.

¥78. The force of the direct thock of hard bodies, is cal-
culated from their mafs multipled into their velocity ; ‘and
the force of the oblique fthock, by multiplying the former
product by the right fine of the angle of incidence, divided
by the whole fine (Treatife on Moving Bodies). If the force
=f'; the weight of the fhot=wm, the velocity with which it
impinges=V, the right fine of the angle of incidence=a;

then f=m V x is the general formula in which

a
whole fine

the fraction is equal to unity in the dire& fhock.

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
abjeéts at different diftances, may be compared, For in=
ftance, let the diftance between the gun and the objeét be
exprefied by the line of projection, and ina 32 pr.r= ;12:,
: then
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then in the dire&t fhock, the force with which a 32 1b. fhot
with an initial velocity of 1350 feet, impinges on an object
placed very clofe to it, is to its force at 4056 feet, as 13502
759 : and the force with which a 16lb. thot, with an initial
velocity of 1416 feet, ftrikes an object at the diftance of 932
feet, is to its force at 3229 feet, as 1226:817.  On com-
paring in the fame manner fhot of different diameters, it ap=
pears, that the force with which a 321b. fhot, with an initial
velocity of 1350 feet, firikes an objeét at the diftance.of 330
feet, is to the force of a 4lb. fhot, with an initial velocity
of 1467 feet, at the diftance of 3520,25 32 X 1300: 4 528
that the force of a 161b. fhot, with an initial velocity of 1416
feet, at the diftance of 3886 feet, is to the force of an 8lb.
fhot, with an initial velocity of 1449 feet, at the diftance of
350 feet, as 15x 716: : 8 x 1361. 1f under fimilar circum-
itances, the fhocks be oblique, fo that with a 16lb, fhot the
angle of incidence be 20°% and with an 8b. fhot 75°, the
two fhocks will be to each other:: 16x 716 x 34202: 8 x
1361 X 96592.

179. In the preceding paragraph it was fuppofed, that the
compound velocity B K of the thot, when it impinges on an
objedt, was equal to the remaining velocity H K, which is
in the ratio of the, retarded motion of impulfion : this is
the cafe not only in this particular inftance, but in all others
that do not admit of geometrical precifion. Neverthelefs,
on afcertaining 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 occafion any material error;
for, if the value of the compound velocity BK 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 3 in the 100 ; that is BK:HK
‘1307:40c; and if the gun be deprefled as much as pof-
fible, BK will exceed H K in the proportion of about  in
the 100; thatis BK : HK : : 8or : 80o.

180. Among the feveral works againft which cannon are
fired ; there are fome which do not yield to the moft violent
fhocks 5 and others of very flight refiftance. Of the firft
kind are thofe cut out of the folid rock, the hardnefs of
which joined to the cohefion is fuch, thatthe moft violent
thocks caufe no difunion in the parts. If the weight of the
thot=m, the velocity with which it impinges=V and #=
the objelt impinged on ; the whole effe® of the {hot on

this
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this work, is a flight tremulous motion in the point of im-
pa&t, incapable of producing the leaft feparation of the parts
fo much does its mials exceed the mals 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 (18¢) may be deftroyed :

t. By feparating the conftituent parts, when the fhot
cannot penetrate. .

2. By penetrating without fplitting or fhivering them.
3 Or by preducing both thefe effects at the fame
time.

In the firlt cafe, 'the upper parts being by repetiticn of the
fhocks. deprived of their bafe fall down ; as in walls buile
very folidly of “hard fones, cemented ‘with mortar: the
more fpeedily to effect this, fhot of the largeRt calibre thould
be projected with ‘the greateft initial velocity, and the guns
placed very near to the object, and fired in falvos j that the
feveral (hocks being made at the fame inftant, may be the
more efficacious, The 6415, fhot formerly in ufe, were
well adapted to this purpofe; as they demolifhed the wall
in a very iittle time, even with an initial velocity lefs by 13
than that of a 32lb. fhot; fince from ghe greater quantity-
of movement, they fooner feparate and open works of ma-
foury (Treatife on Moving Bodies, 370, 371, 372). Thefe
oblervations on walls confiruéied of hard f{ione and lime, are
in fome decree appliczble to works cut out in foft or friable
flone; with this difference that the upper part of the rock
being by its nature firmly fixed in the ground, is lefs fhaken
than a wall fupported by earth, which though an adjunct,
is little affected by the fhock ; whereas, the rock being one
body, the fhock 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 defiroyed in the fecond manner (181,
No. 2) when the thot penetrating to different depths, difu-
nite the contiguous parts; as in turf, earth, &c. The for-
mula £S=D u4* (246), ferves to determine precifely the
penetrations of fhots of different diameters, into works of
thiskind : fhe penetration of a 321b, thot, which with an initial
velocity of 1g1 feet, impinges on a work of this fort; is to
that of a 4lb. thot, with: the velocity of roro feet, as 5. 760
K I515
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x 1517%: 2. 881 x1010* (161). If a 32lb. thot (146)
with an initial-velocity of 1517 feet, penetrate a butt of
earth to the depth of 20 feet, a 4lb. fhot 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 will determine the dia-
meter or velocity that fhot ought to have to penetrate a
parapet of a given confifence and thicknefs (146): if the
thicknefs=S be 8.43 feet, and the confiftence =F be
37046, by fubltituting thefe data-in the formula, we (hall
find that thot which have a velocity of 1e12 feet, to pafs
throuzh this parapet, ought to be 3. 653 inches in diame-
ter, which correfponds to an 8lb. fhot (161).

183. To determine the relative penetration of fhot of
different dizmeters, fired at ditferent diftances againft a pene-
trable and homogeneous butt, the remaining velocity =V
with which the fhot from the diftance=¢ with an initial
velocity = ¢ impinges, muft be found from the movement of

impulfion : for this purpofe the formula ¢ = g_-—:, (161) will
give the time=1¢; and, the value of r being given, the
time may be fubftituted in the formula V= ié; (162).

r+t

Having thus found the value of V, the compound velo-
city with which the fhot impmges, may be confidered as
equal tothe remaining velocity (179) without any material
error ; on this principle, the following table of the relative
penetrations of fhot of different diameters, impelled from
guns loaded with the largeft and the medium charges, againft
a . penetrable and homogeneous butt, from four different
diftances has been' calcuiated ; the initial velocities are as
before exprefled (150) and from the refitance 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
circumfiances into the fame butt. For example, if a 32lb.
fhot with the largeft charge, fired clofe to the butt, penetrate
to the depth of 22 feet, an §lb. thot fired with the Jarget
charge, at the diftance of 1oco yards, will penetrate only
to
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to the depth of 6 feet. If a 16lb. fhot with the medium
charge, fired at the diftance of 340 yards, penetrate 10 feer,
a. 4lb. fhot with the medium charge, at the liftance of 68a
yards, will penetrate only to the depth of 3% feet,

The relative penetrations of fhot, projefted from different
diftances, with given initial velocities.

T . Relative Penetrations,

U b . AL
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8| 4 14%|3.653|7.6 1696(26000(18696 (13069 | 8837
4| 2. 77|2.881| 6/1720(21328 14122 | 8902 5290
32{ 9. 13;| — —!1350 2624020262 [15356| 11430
16| 4 143 — | —'1416(22932{16754 |11935| 8255
8 3. 43| — | —|1450[19229,13106 8566| 5311
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184. To judge of the total effects of fhot, it fhould be
obferved ; that the larger the fhot are, the fooner the upper
parts are deprived of their bafe, and fall down. If D z*
cxprefling the penetration of fhot, be multiplied by D* a
quantity proportional to the bafe of the cylindrical cavity,
made by the fhot, D? U* will be exprefled 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 velocity, The effelts of a 64lb. thot imping-
ing on a parapet of earth, with a velocity of 1247 feet, are
to the effets of a 3alb. fhot, with an initial velocity of 1350
feet, as 64 X 12477 32 X 1350% or as 43 : 2§ nearly.

Hence it appears, that 64 prs. are in both cafes (181)
more proper for battering in breach than 32 prs. and the
fole reafon why they are not ufed in the attack of places, is
the difficulty of tranfporting and working them.

185. Sincg
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185. Since folid and refifting bodies are demolithed by
the divilion of their parts, and thole that are lefs tenacious
by the penetration of fhot into them (182, 183); bodies
partaking of thefe two phyfical qualities, are demolifhed in
A compound manner (181, No. 3): of this kind are walls
built of brick or fimilar materials. The effeéts of fhot on
walls are much modified by the proportion that the force
of percuffion bears to the ‘refiftance. When two fhot of
different diameters penetrate to great depths, the holes are
in the ratio of D? «* (184): but, if one penetrate to a great
depth, and the other but a litte way, this propertion will
not be juft ; for, the hole made by the latter, 15 lefs than
what refults from the expreflion D3 4*; fo that if its force
be only fufficient to overcome the refiftance, it will bury but
a {mall part of its circumference. Hence it is cafy to com-
prehend, why (hot projected from 8 and 4 prs. ate fome-
times infufficient to beat down walls of this kind ; while
that they produce all the effeés expected from them, when
fired againft other walls, The direction of the fhock, con-
fidered relatively to the thicknels of the wall, likewile con-
tributes to modify its effeéts : a fhot that with great impetus
impinges with a direct thock on a thin wall, pafles through,
and only makes a hole, without’ fhaking or difuniting the
contiguous parts : but, if a wail of the fame quality ke thick
enough to receive all the furce of the fhot, it, befide raaking
a hole, fhakes and loofens the reft of the wall. A fingle
wall is fooneft demolifhed by firing againft it direétly with
fmall charges, or obliquely’ with large ones; fince the fhot
not being able to pals through, it receives all its force : the
fervice of artillery in richochet and hot-firing, is difcufled in
the fubfequent treatife,

CHAP, IV.

Or THE EFFEcTs or Cannon SHOT IN ENGAGEMENTS,

186. IN forming 2 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 jntended plan of ope-

N rations
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rations ; the number and quality of the roops that compole
the acimy, and their manner of -fighting

A, general: coremanding an atiny, (houl 4
with the efiects of artdlery, th an
be employed to advantage ; and iy
and fkilfully ferved, it can conuibute of
his obje’t (141, 142).

187. Incountyies where thie tranfportof cariiazes is atienc =d
with no great difficulty, the train of artillery tuat march with
armies, are compofed of medium guns, caft of met e
taining 4 of tin, and carrying bails of 16, 8, and 4lus [64).

Thefe guns are divided into brigades : the heavielt thould
not weigh more than 32 cwt. as the bridges conftructed by
the peafants for their carts and waggons can feldom fupport
a greater weight: befide, if the road he not hard, or have
been fpoiled by preceding rains, it will be impoflible to move
heavier guns, even at the opening of the campaign; and,
in autumn, when the roads are generally deep, the cattle will
be exhaufted with the fatigues they have already undergone.
Therefore, the fpecies of artillery [bould be always adapted
o the nature of the country.

In carrying-on offeniive operations in a champaign coun-
try, the train of artillery fhould be compofed 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, fhort 8 and 4 prs.
fhould be the heavielt guns ufed: indeed, an exaét know-
ledge of the nature of the country is the beft ruie for deter-
mining the calibre as well as number of the guns.

W hen the army is to remain on the defenfive in a coun-
try where the roads are tolerably level and good, and there is
no great proh:ﬂ)i!i:y of being obliged to make very long move-
ments, the number of 16 prs. thould be greater than would
follow an ariny acting offenfively in the fame country ; but
if this defenfive fyfiem be carried on in a firong country,
where the tranfport of carriages is difficult, and long and
rapid marches may be indifpenfibly neceffary ; the brigades
of artillery (hould be fo conftituted as eafily to keep up With
the army.  Any poft that the general may wifh to occupy
and maintain during the campaiga fhould be provided with
guns of large calibre (71).

Having
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Having already treated of the nature and importance of
thefe polts in the 6th Book of Military Architecture, I leave
it to the profe(lors of the academies to explain them fully to
the cadets of the royal corps of artillery ; that being equally
malters of the principles of ta&ics and fortification, as of
their own profeffion, the fervice may on every emergency
reap the greateft 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 neceffity and
when they cannot derange the firing : in all other cafes, the
charges ought to be proportioned to the initial velocity that
the projectile thould have to produce the defired effect. For
example, 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 unnéceffarily 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
€Xecution.

189. From the defire of firing quick in a®ion the greater
part of the fhot do not rake 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 a&tuated by any
other motive frufirate 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 objeét 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
effeGtual execution,

190 In_ €ngagements, the enemies troops are the objeéts
againft which cannon fhot are direted ; it is therefore highly
neceffary to know the effeds that (hot of different djameters,
and with different velocities, can produce upon 2 body of
tropps, according to the diftances at which they engage ;

N2 otherwile,
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otherwife, the artillerift wiil in a variety of circumftances be
unable to ufe his gun to the gréatelt advantage (141).

In firing at intantry, the height above the plane of the

ground is about 6 fee:, 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 fhot can hardly fail of taking eficct.
- The execution of cannon fhot in adtion is eftimated 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 is generally incapacitated, at
lealt for the prefent. The great object of the artillerift < /s
< 25 endeauour to firike with each fbut the greatefl number of
“ men poffible” (141 142) : this depends ;

£. Oan the difpofition of the enemy, and the nature
of the ground.

2. On the calibre of the guns and the judicious nfe
of round or cafe (hot =

3. On the velocity with which the fhot aré impelled,
and the diftance between the battery and the enemy.

191. There are two cafes with regard to the nature of the
ground (1go No. 1); the firft, when the two armies are
drawn up on ground nearly on the fame plane: the fezond,
when they are on planes differently incliped. ~ 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 fhot will do moft exccujion ;
fince a round fhot can in this cafe, only carry off a file of
three or four men, whatever be its diameter or velocity.

192. When the two armies.are on different planes, the
execution of the artillery muft depend on the extent of front
and, depth of files: on confidering the principal cafes that
can occur in the two general difpofitions of an army, viz.
drawn up in column, or line; it will appear :

1. That if the enemy be drawn up in column on the
flope G F inclined towards F, the head only of the
celumn G (PL. 6. Fig. 21.) will be cxpofed to the can-

non




OF PROJECTILES. 197
non A :* cafe fhot will then be preferable to round thot,
if the diftance A.G admit of it.

2. If the column be on the {lope G E-inclined to=
wards E or on the heicht N BM ; it will-prefent to
the cannon A an obje&t of great extent, and be from
its fituation very much expofed : 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 wihin range of cafe fhot, its greateft
effect will be at N B M, where from the divergence of
the fhot each may firike a man; whilethat in G E
much nearer to the guu, the fhot not having had time
to fpread, each man will be ftruck by two or three, and
the execution will of courfe be lefs.

4. When the column reaches the horizontal plain
PE, it will fuffer lefs than in the former fituation : if
A and PE be nearly in the fame plane, fewer men
will be expofed than at A P : the cafe thot 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 P E be lower than A, [o that the guns at
A muft be much deprefied ; cafe thot compofed of the
fmalleft balls. will be the beft; fince from the greater
number their effet will be equal to that produced in
the former inftance by the large balls ; there being in
this cafe no probability of eftablifhing an ei filade.

. The' enemies army drawn up three vt tour deep
upon the height G will be expofed to the fame danger,
as when in column on the flope G F ; but b, retinng
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 effe& 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 fhot, when the diftance acmits
of it, will be moft defiructive, both m this inftance and
when the enemy has advanced to the horizontal plain

PL.

193. The direction in which guns fhould be fired depends
on the initial velocity of the thot, its diameter, and the di-
N3 {tance
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ftance from the enemy 3 the formulas g== %, S:E'—?—r_
r
(1655 166) will give a folution of the problem.

The opinion of fome artillerifts, that guns in time of
a&ton ought always to be fired horizontally, or at moft with .
# degree of elevation, can only be juit in particular cafes 3
the following example will evince the neceffity of fometimes
deviating from this maxim, Let the gun AB (Pl s.
Fig. 14.) be fired in the horizontal direction AC with the
charge that gives an initial velocity of 1416 feet ; and from
the yefiftance of the air, =q. 5. Now fuppofing the gun
and the enemy to be in the fame horizontal plane; Let KG
reprefent the vertical diftance between the two planes A C,
DFj3; KG will then exprefs the fpace = S paffed through
by the power of gravity, and by fubflituting the value of K G

32.18#°
2

in the formula S= it .will give the time of the thot’s

flight before it touch the ground in the plane DF : then by
{ubftituting in the formula q:::__—% the known. value of #,

the extent of the range AK=D G=y will be found. For
example, if K G=5; feet, the time=1¢ will be 56 parts of a
fecond ; and by fubflituting the values of ¢,r,¢ in the for-
mula, g=760 feet, To firike the ground then in the
fame plane DF at a greater diftance, the gun muft be
elevated in proportion to the increafe of diftance ; (hould the
enemy be at G where the fhot rouches the ground at the
firft graze it will only firike his feet ; to hit him in the'breaft
the gun muft be clevated.

194. The more clearly to explain this theory, and enable
others to apply it to the praétice on feveral occafions that
occur on fervice, the following table has been calculated : the
gun and butt are {uppofed to be in the fame plane, and from
the refiftance of the air r==12 in a 32lb. fhot ; the wads are
rammed with equal force and in the manner before exprefled,
(143, 150) ; except in the quick firing, when none are
uled,

Angles
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195. Many pra&ical inferences may be deduced from this
table :

t. Guns of the common length loaded with the me-
dium charge thould be elevated half a degree above the
horizon to range 340 yards, and 1° 20" to range 680
yards ; the elevation muft be greatly increafed to range

X0co 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 muft be greater than of guns of the common
length to range the fame diftance.

3+ If a thort 4 pr. loaded with the lefs charge, range
1000 yards, the line of defcent is 278 feet; l,whe;eforc
the fhot’s parh being a curve of the fourth kind, it will
do much lefs. execution in enfilading troops, than thot
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
carve defcribed by thot fired from 8 and 4 prs. to the
diftance of 1600 yards is of tne fourth kind ; from the
angle of incidence they can be of no fervice ini enfilading,
and are very uncertain : the angle of incidence 7 168) at
the diftance of 1005 yards being much larger than the
angle of elevation, if the thot fall on foft ground they
bury themfelves at the firft graze,

§- ohot fired from thert 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 ulelefs in enfilading, and their execution is
uncertain.

6. If to thefe refleGtions be added the confideration,
that in_pointing fhert guns the eye is more eafily de-
ceived, from the proximity of the two points of fight,
than in longer guns ; and that in the latrer the angle of
elevation being lefs, the angle of incidence is lefs alfo 5
fo that the fhot 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 Jhould cver be preferred to
Joort ones of the Jame calibre. The good effects refult-
198 from this will be more fully difplayed in the fgquj}{-

e —

S ——

-
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166. To form a comparifon of the effe@s that fhot of
different diameters with different initial velocities produce at
different diftances on a bedy of troops; they muft be
confidered as a homogenous butt : then the formula S=Da?
(183) will give the relative 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
=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 ground and
the pofition of the enemy are very favourable (192), the
range may be extended with tolerable fuccefs.

The relative Penetrations of Shot projected from differeng
Diftances with given initial Velocities.

Nature of Weight of | ‘E‘; £3 At | At
Guns. Powder. 21 2M | 46 | 68
T2 52 |yards. yds.

Prs. Ihs. ox. Fr:i it B
Com- [16 3 10f|r1240 17571 | 11878 | 8509
mon 8 2 73 |1205] 14625 9360|5743
length, L 4 1 33(1283/ 11840 6754|3479
8 2 7%#[1206]|13329| 8358|4919
4 r - 33|1222110784| 5933|2044
Short j g I 10§| 978| 8746| 4874|2450
Guns. l 4|  — 13| 978 6896 3230|1271
8 wnhnut{ 1ci| 675| 4110| 1738| 427
Lig | wads 133| 675| 3241| 1024| 25T

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 2 gun againft a butt, and meafure the penetra=
tion of the fhot: then place two horfes or other cheap
animals clofe to the lame butt, and lay the gun fo that the
fhot after pafling through the moft folid parts of their bodies

may
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may enter the butt : on me:furing the penetration, it will be
found lefs than the former; and by comparing them together,
the number of horfes that a fhot of a given d1anu:r-:r=,' with
the fame initial velocity, could pafs through, may be afcer-
tained. On comparing the refiltance of a horfe’s, with that
of a man’s body, the number of men that the fame fhot
would pafs through may be eafily caiculated. An &Ib.
thot, 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 (hot would pafs through doubie the
number of men, even if it {truck the moit folid parts of their
bodies ; the number therefore that may be itruck in lefs re-
fifting parts of the body and difabled n}uﬁ be greater, and
may even exceed twice the number of the former. The rable
has been deduced from the former proportions (183, 196).

Number of Men that can be picrced by Shot projeéted from
different Diftances with given Initial Velocities.

o |08
Nature of Weight of e T e I
Guns. Poéder. =g "Gr‘:'aj ! ?32-::; - 2
- No, : <N:-‘ ?Vnw
lbs. oz Feet Men.| Men Men
[32 13 2 | 1517 | 70| 55 |44
16 6 o9 | 1618 63|48 | 36
£1 8 4 14% | 1696 | 55| 39 | 28
ol 4 2 3| 1720 | 45 | 30 19
- |32 9 133 | 1350 | 55 | 43 | 32
e 81 4 I4% | 1416 | 48 | 35 25
2|8 3 4% | 1450140 |28 |18
gl 4 X 103 | 1467 | 33| 20 12
{3 16 3 10} | 1240 | 36 | 24 17
8 2 211265 | 91 ['20 7 |"13
| 4 X 3] 1283 | 25] 14 8
o 8 2 11 1206 | 28 | 18 ir
£l 4 S © S L B 7
o) 8 , T 10%| 978 | 19| IO 5
I
‘51 4 ; we T3del 078 115 1 3
= |-8 w;thouf{ 1 10f] 675| 9 33| *
bl o wads. \— 133 | 675 71 2 T

198. Several
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198. Several inferences of great pradtical utility may be
drawn from this table :

I. 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 effeéts 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 thould never be fired without wads, except
in particular cafes, and when the enemy is very clofe.
Thus when 4 prs. or fhort guns compofe a field train,
it is not becaufe they are equal in their effe@s 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 defentive 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 of four deep,
the effects 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 fho, it will
penetrate in the direétion in which it impinges. ~ On the
contrary, the effeét will be lefs, the nearer the angle of inci-
dence approaches to a right angle; fince it will then only
deftroy a fingle file, whatever be its diameter or initial velocity,
In this cafe, if the two armies be within reach of mufquet
fhot, the fituation of the artillery men will be very perilous:
for eight paces at lealt muft be left between every two guns,
to give the men room to work them ; each gun is then ex-
pofed to the fire of cight file of mufqueteers; or in other
words, each artillery-man to the fire of thres or four muf-
quets.  Thus at a fingle dilcharge, 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 half of the
artillery-men are wounded, the gun muft ceafe firing ; byt
the fire of the mulquetry will be inceffanily kept up, in pro-
portion to the number of men that remain.

200. The fluid generated in 2 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 ).

Whence
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Whence it is eafy to conceive; that in putting two {hots
into a gun, the velocity of each muit neceflarily exceed half
of the velocity that one fhot with the fame charge would
acquire ; and the quantity of toiion of the fingle thot is
lefs than the [um of the quantities of motion of the two (hot :
but in alcertaining the effeéts of the three'thot, their force
after paffing through the men and horfes being fuppofed to be
entirely fpent, the equation S = U #»* which exprefics the effects
of one fhot muft be changed ; and to make up the excefls,
the 1nitial velocity of each of the other two fhot muft exceed

a4/ 1; and each fhould firike a feparate file. The pro-
portion between the initial velocity acquired by one fhot 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 chare is altered ; but
it may be remarked, that in practice the velocity of each of
the two fhot is lefs than # v £: wherefore the expedient of
putting two fhot intoa gun can be only advautageous when
the enemy is drawn up in fuch a manner, that each fhot
has fufficient velocity to carry oi a file. For example, fup-
pofe the enemy be drawn up eighteen deep, and each of two
fhot fired together from an 8 pr. could firike a feparate file
with an initial velocity of 978 feet, each of them would de-
ftroy 18 men (197): under this {uppofition there would be
36 men deftroyed by the two fhot ; while a (hot of the fame
diameter, fired fingly with an initial velocity of 1450 fect,
could deftroy only :8 men ; then its remaining velacity fuffi
¢ient to deftroy 20 more would be ufelefs.

C-H=A"Fe. V,

Or TeE Errects oF Case or GRAPE SHOT 1IN
ENGAGEMENTS.

20T, THERE are feveral kinds of fhot that come under
this head : one is formed of fmall pieces of iron of different
fhapes and fizes put into cylinders of tin or pafteboard ; the

bafes of which are clofed by two circular pieces of wood.
A fecond
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A fecond called cafe fhot, is compofed of fmall iron balls put
into tin cylinders;”or regularly difpofed in linen bags faftencd
to a wooden bottom, in the middle of which is a fpindle,
and wound round with cord or wire ; the latter prefent the
appearance of a bunch of grapes, and are called grape fhot.
1 he firlt 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 feouring the ditches and counter-
fcarps: the refiftance of the air, from the irregularity of their
fizure, renders them in effect more uncertain than {pherical
fhot 3 but as the objeéts againft which they are fired are
always very near, they have force enoug_h to do execution.
The fecond kind is generally defigned for ficld fervice, as
the balis diverge lefs, and, from their fpherical figure en~
countering lefs refiftance in the air, range farther.

202. In the late wars, our trains of artillery were formed
of medium 4 prs. (64 ) : the cafe-thot for thefe guns contained
63 or 64 leaden bullets, each weighing 4 of an ounce; the
whole weighed nearly as much as a round fhot of the fame
diameter. In.order to alcertain their effe@s, the officers of
artiliery in 5743 made the following experiments : a 4 pr.
was fired again{t a target of plank So 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 ftruck the
target: cale and grape fhot were fired, but no difference in
their effects ‘was perceptible.  In the firft experiments, the
charge was 1lb. rooz. 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 firuck the target.
The gun being moved'30 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 partly
melted, and two or three were found .in different places
flicking together. At the fecond experiment, the cale: was
placed immediately over the powder and a wad rammed over
the whole : at the diftance of 170 yards very few of the
balls went through the planks, though the report of the ex-
pioﬁon was as loud as at the former experiment j others had
not foree enongh to enter, and thofe that firuck were much
more liquefied than before; 4 or g, and at one time 15
were found fticking fo clofely together as to form a lump of
lead, 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 firuck the target was hetween 4 and & of the whole ;
and 3 or 3 of thefe @ruck it below a horizental line drawn
5 feet from the ground. The greateft divergence of the
balls at this diftance was 6o 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 firuck
the target was between ; and - of the whaole, 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 firuck the target was between § and % of the whole
number 1n the two cafes; many of thofe that touched the
target had not force enough to penetrate, The gun being
removed to 200 yards and fired again with two cafes, about
+ of the balls ftruck the target, but with much lefs force.

204. It refults from thefe experiments (202, el e

1. That cafe-fhot of this nature fhould never be
fired at a greater diftance than 200 yards, againft objedts
not exceeding 10 feet in height.

2. A wad fhould be put between the powder and cafe;
but as fomerimes 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 effe& of cafe fhot is
when fired againft an enemy drawn up in form of a
vaft amphitheatre between 170 and 200 yards diftant,
by putting two cales 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 flruck at 170 yards; and flill 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 yank and
wound thofe in the rear.

5. That the firing with cafe (hot thould commence
at 170 yards in order to acquire a fuperiority over the
enemy’s mufquetry ; the effect of platoon firing at that

diftance
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diftance is uncertain, while cafe thot fired with judge-
ment will firike at each round a certain number of
men

At other experiments (202, 203) with cafe thot com=
poled of iron balls 1oz. in weight, the whole cafe
weiphing as much as the round fhot of the fame dia-
meter; it refulted that at 200 yards, 3 or 4 balls firuck
the target, and at 170 yards 8 or ro ftruck it; the
force of thefe balls feem to exceed that of the leaden
bullets. .

205. Thefe conclufions agree with wl}at has been ad-
vanced on the fame fubject, in"the practice of artillery and
the elements of tactics. It will be fhewn in the fequel, that
greater advantages may be derived from the ufe of ‘ﬁgld pieces
than has been hitherto done, in conftantly maintaining a de=
cided fuperiority of fire over infantry drawn up in front
of the guns (199) through the ufe of tin cylinders filled with
ron balls weighing more than 1 oz. g

To alcertain this, the force and diretion with which each
ball is impelled, and the proper elevation for the piece fhould
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 refiftance of the airto a
32lb.dhot r=12, in order to form a comparifon between
thefe and the former tables (183, 196) : in the fecond are
marked the refults of the former éxperiments (197) and the
penetrations infcribed in the firft table are reduced to abfolute
numbers.

TABLE




208 OF PROJECTILES.

Relative penetrations of iron cafe fhot,

T A B 1

= 3 g E
= o %2 e
5 e <& g
+ S o
=, - (o] o
b0 E & o o
= G = - o
SR ETE e 3 | <
13 | 38 | 9b14 | 6553 | 4283
63 | 3 - 7580 | 4642 | 2645
3% | 2.39 | 6040 | 3251 | 1524
I 1.65 | 4139 | 1621 470

of 1450 feet.

At 510 yards,

[ ]
i O
3 C O
£ B nn

At 680 yards.

1538
620
181

2

i g i Ol DRR |
Number of men that can be pierced in the moft folid
parts of the body by cafe (hor, of the following weight
projected from different diftances, with an mitial velocity

lofe to the butt.

$ Weight of balls,

L]
W O X
S
=

b B

x

At 170 yards.

w N §At 340 yards,

>

3
i O SAt 510 yards,

e e

o 10l et o ;:-_:At 680 yards.

-

#

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 6% oz. it can pierce

16 men when very near; 10 at 170 yards; g or 4 at

510 yards ; and one only at 680 yards,

If each ball

weigh 1 oz, it can pierce 4 men at 170 yards; and mor-
tally wound r man at 340 yards; the fatter is exprefled

by

— — —
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by the fraltion £; the fame ball at the diffance of 680
yards will hardly make a contufion, which is exprefled
by the fraétion 5%+

2. Ballsof 1 0z. at 170 yards, thofe of 31 oz, at 340
vards, thofe of 62 oz. at 510 yards, and thofe of 130z.
at 680 yards, produce the fame effelt; viz. of defiroy-
Ing 4 men; which evinces the propriety of ufing cy-
linders filled with Jarge balls for great diftances, and
with the fmaller balls for (hort diftances.

3- On comparing the numbers in the two tables
(197, 205), we find that an 8Ib. thot, with aninitial
velocity of 1450 feet, will pafs through a fileof 40 men
when fired very clofe to them; 28 at the diftance of
340 yards, and 18 at the diftance of 680 yards: while
a 63 oz. ball will only deitroy 16 men when very near, 6
at the diftance of 340 yards, and 1 man at 680 yards ; fo
that with cafe-fhot of this nature, if 5 balls ftrike 5 fepa-
rate files, the effefts when very near will be 16 X 5=80
men defiroyed, 6 x 5=30 men at 340 yards, and 5 only
at 680 yards. Hence it refults, that the effe@s of cale
thot fired under fimilar circumftances, are greater than
of round thot of equal diameter, when the diftance does
ot 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 made for the difference
of the initial velocities ; wherefore the effe&t of the initial
velocity on cafe fhot impelled with a given charge of powder
fhould 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 weight and diameter to the correlponding round fhot,
the greater part of them are impelled 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 effects of cafe fhot fired from different diftances
with different charces of powder may be determined with
fufficient accuracy for practice (205).

208. In firing cafe fhot, the balls are obferved at firft to
take a diverging direétion, and for a certain diftance to form 3
kind of a cone ; the bafe of which is towards the objet fired
at, 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 contact of the balls and their reciprocal preffures at the dif-
charge and at thecommencement of their divergence are un-
known: It mufl then as far as poffible be afcertained experi-
mentally.

Experiments made with the greatelt attention have given
the following refults ;

1. The conical figure is preferved for a certain di-
ftance ; after which it is entirely loft,

2. The proportion between the formation of the cone
and the point where it begins to lofe the regularity of its
figure depends on the fize of the balls, and their initial
velocity : the diltance 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 [portimen wlio have ufed fowling picces of different
lengths.

4. When the balls are ranged in the cylinder in regular
order, they diverge much lefs than when put in carelefs-
ly; thofe of 13, 6%-and 31 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: 1oz. balls
fhould be difpofed in the cylinder in the moft conve-
nient manner, and fired at any diftance lefs than 220
yards.

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 (163, 166) on a fuppofition that
the balls in the tin cafe are impelled in the direGion of the
axis, which is not always juft; 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 fhot, the following table
has been caleulated ; the initial velocities of a 321b. fhot
are 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 tormer tables,

Angles
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211. From this comparifon the following pratical infe-
rences may be drawn j

1. Balls of 31 oz. that with an initial velocitly of 1450
feet range 680 yards, defcribe a curve of the fecond
kind ; the remaining force at that diftance may be ex-
prefled by the fraétion 555 ; but it is injudicious to fire
cafe fhot of this pature at {uch a diftance, as 1heir exe-
cution is trifling : 1oz, balls ought never to range 680
yards, as they defcrite a curve of the fourth kind, and
are totally ufelels in enfilading ; their remaining force
may be exprefled by the fiaction 54 and is bardly
fenfible.

4 Balls of 3loz. that with an initial velocity of
1450 feet range 510 yards, defcribe a curve of the fecond
kind, and . may be of fervice in-enfilading ; but as they
can deftroy only one or two men, this is the greateit
diitance at which they fhould be fired : as to 1 oz. balls,
though at 510 yards their curve is of the fecond Kind, yet
as the expreffion of their force is 3, the diftance is tco
great: 340 yards fhould be their longelt range, the
expreffion of each ball is then 2.

3. Asa ball of 63 oz. with an initial velocity of 1450
feet can only deftroy one man at 680 yards, it {hould be
confidered as the greateft diltance ; though from the
nature of the curve, it might ftill be ufeful in enfila~
ding.

A ball of 1302, with the fame velocity and at the
fame diftance will deftroy afile of 3 or 4 men.

4. When the initial velocity is 1206 feet, the cur-
vature of the lines of defcent is greater than when it is
1450 feet; confequently cafe fhot with the former velo-
city are lefs proper for enfilading : they fhould only be
ufed at fhort diftances, in proportion to the difference
between the aétual velocity and 1450 feet.

5. A {mall charge of powder can only have the
fame effe@s as a large one, when the enemy is drawn
up 3 or 4 deep, and fo clofe that a fingle ball can carry
off 2 whole file: the fame obfervation holds good with
refpedt to fhort guns, fince from the initial velocity
(i5t) their range is fhort.

6. The number of balls that, with velocities equal
to-or lefs than thofe above mentionel, will firike an
objec of certain dimenfions at a given diftance, can
only
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only be determined by experiment; fince it is impof-
fible to afcertain the particular direction of each ball.
212. The refults of the preceding theory (205), whether
the refiflance of the air be confidered as r =12 or of any
other determinate value, will never exallly coincide with
practice; fince the abfolute effets of cafe fher cannot be
affigned, bur only a proportion eftablithed between the greateft
and leaft effe@s : wherefore artillerifis, to ufe cafe thot from
fi.:id pieces to the beft advantage, thould attend to the follow-
g particulars.

1. For 16 prs. there are four Kinds of cafe fhor:
the firt, compofed of 16 balls of 130z. is never fired
with the medium charge above 680 yards againft an
enemy drawn up 3 or 4 deep; when they are difpofed
in deeper order, the diftance thould be lefs (206, No. 3):
the fecond kind is compofed of 32 balls of 61 0z. and
its greatelt range is 510 yards, wiien the enemy is dif-
poled in few ranks: the longett range of the third kind
compofed of 64 balls of 33 oz. is 340 yards : the range
of the fourth kind compofed of 192 balls of 1 oz. thould
never exceed 220 yards.

2. There are 3 kinds of cafe thot for 8 prs. : the firft
contains 16 balls of 62 oz. and may with the medium
charged be fired at the diftance of 510 yards : the fecond
contains 32 balls of 31 oz. its range fhould not exceed
340 yards: the third conrains g6 balls of yoz. and
may range 220 yards.

3. For 4 prs. there are but two kinds of cafe thot :
the firft contains 16 balls of 3% oz. and its range with
the medium charge fhould not exceed 340 yards: the
fecond contains 48 balls of 1oz. and its greateft range
fhould be 220 yards.

4. The number of balls in a 16 pr. cafe being double
the number of balls of the fame diameter in an 8 pr. cafe,
if the two guns be fired from the fame diftance with the
fame inirial velocity, the effe&t of the 16 pr. fhould be
double that of the 8 pr. and the effeéts of an 8 pr. {hould
be double that of a 4 pr. under the fame circumftances ;
guns of large calibre alfo ranging farther, there wil] be
ftill a fironger reafon for preferring them to guns of
fmaller calibre, whenever the nature of the ground and of
the fervice admits of it. If cafe thot be fired from a 16 Pre
with an initial velocity lefs by % than the initial velocity

O3 of
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of cafe fhot containing balls of equal diameter fired
from an 8 pr. and the diftances be equal ; the effects
of the 16 pr. will in certain cales bé greater than the
effects of the 8 pr. ; for the fame realon, 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 countties) and very near the bat-
tery ; the § 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 {hould be preferred ro
the lefs, both with round and cafe thot ; 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).

5. If it be neceflary in the courfe of a campaign
to place fomne 32 prs. in a fixed poft, five kinds of cale
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 63 oz. the
fourth with 128 balls of 34 oz. thefifth with 384 balls
of 1 oz. the four lat may be fired under the reftrictions
already laid down. The two former may be of excel-
lent fervice in the defence of places at the opening of
the trenches; but as the balls {pread very much, they
fhould be ufed with caution, left they hurt the detach~
ments of the garrifon pofted in the advanced works.

213. Balls of hammered iron are the beft for cale-fhot 3
but, if from motives of czconomy 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 fmart blow from a heavy
hammer ; if they ftand this preof, they are fit for fervice.
The cylinder of tin fhould be of the fame diameter as the
correfponding round fhot; one end is clofed by a wooden
cylinder 14 or 12 inch thick, on which the firft row of balls is
regularly placed, putting into the interftices finall pieces of
wood to keep them firm: the balls of the fecond row are
placed over the interftices of the firlt, and each row is fixed
with chips or fomething of that kind to prevent their moving,
Wwhen the ammunition waggons pafs over rough' and ftony
roads ; which might break the cylinder or deform it, fo that
it would not enter the gun. All the rows of balls being
thus difpofed, the top of the cylinder is clofed 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
cafe, that the artillery men may make no miftake in the na-
ture of the cafe-thot, or in the manner of placing it in the gun.

If 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 thould be proportioned to the force of the charge; for if
it be of fuch tenacity that the cafe reaches the objeét before
it breaks, or breaks very clofe to it; all the advantage arifing
from the proper divergence of the balls would be loft : the
effe&t of thefe projeétiles being evidently as much diminithed
by too little as- by too great divergence (190).

'214_. To derive from artillery in field engagements the
fulleft advantages (212), the following rules thould be ad-~
hered to: :

1. Brigades of the heavieft guns in the army fhould
be pofted at the points whence it is propofed to make
the greateft efforts againft the enemy, or where the
brifkeft attack on their part may be expeéted : and the
guns of fmaller calibre placed fo as to favour the princi-
pal attacks and difira& the enemy’s attention,

2. In pofting brigades of ariiilery in a defenfive fitya-
tion, a paraper, ditch, hedge, pallifadoe, chevaux de
frize, or other obftacle, thould be placed before them, to
keep the enemy in check; in cafe they advance with
fixed bayonets.

3+ There (hould be to each brigade a referve of artil-

4 lery
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lety men covered by an epaulment or the ammunition
waggons, to replace without lofs of fime 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 firft ; with equal reifon (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 of any lofs that may be fuf-
tained,

CH AP VI

Tue Errects oF TueE HoWITZER AND 8PR. COM-
PARED.

215. IN thelaft century, guns from 6 to 7 feet in length
were ufed to project flones, cafe fhot, &c. from befieged
places: the fhortnefs of thefe guns and the largenefs of their
calibre genetally adapted to a (hot of 24 Ibs. gave rife to the
idea of the "howitzer ; the proportions of which vary among
different nations, according to the feveral ufes for which they
are intended. The longeft howitzers I ever faw were 6
diameters of the muzzle in length of bore, with a cylindrical
chamber capable of containing 1lb. 1002. of powder: the
bore of the thorteft 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 Thurks, and the fhells
fired from them are faid to have caufed great defiruction and
difmay among the Ottoman cavalry, On the other hand,
the predilection for this {pecies of ordnance was much abated
at the battle of Guaffalla, fought on the 1gth of September
17345 where our cavalry of the left wing was neither dif-
ordered nor hurt by the thower of thells fired by the enemv,
but made feveral charges with great effect. As the Ottoman
cavalry generally charge in an irregular, defultory manner,
they prefent a much larger objeét than our cavalry drawn up
two or three deep with clofe files; being therefore very much
expofed, the explofion of the fhells will be more deftrucive
among.them, than in the regular movements and difpofitions
practifed by us, Whatever may be the reafon of this diffe-
rence, we will only confider the phyfical effects of proj.clc-
tiles
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tiles impelled from a howitzer 6 diameters of the muz-
zle in length of bore, and compare them with thofe of
the 8 pr. (183), in order toafcertzin the diforder that each
of thefe pieces can feverally produce among a body of troops:
leaving it to others to difculs the moral effects refulting from
the ufe of howitzer fhells, which have by many authors
been fuppofed to be very 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-
gagement been thrown into diforder by the fire of artillery,.
have at length. recovered themfelves fo far as to defpife the:
former objeét of their fear, on finding that their apprehenfions
had greatly magnified the effects of thefe feemingly terrific
machines.

216. A fpellis fired from a bowitzer with a view. of de=
Sraying the enemy both by its fhock, and explofion on burfling:
its greateft effects are when, having enfiladed a body of
troops and: being quite fpent in ftriking men or other objects,
it burfls in the mid{t of thofe that remain. To convey a
juft idea of the comparifon we propofe drawing; letthe how=
itzer be equal in length of bore to an 8 pr. of common length,
and let them both be loaded with 3}Ib. of powder: the
elaftic fluid on quitting the chamber of the howizen di=
lates towards the chace, ‘and exerts againft 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 rlb. 1002, of powder

(215), this projectile muft have a much lefs initial velocity
than an 8lb. fhot impelled by 3%1bs of powder, with the
wads well rammed. The initial velocity and the fpecific
gravity of the (hell being lefs than thofe of the fhot, the air’s
refiltance will be greater; and confequently its penctrations
into the fame butt will be lefs.

21%7. There are two methods of afcertaining the effects of
howitzer fhells: the firft is, by firing againft a butt at dif-
férent elevations and diftances, and comparing the penetra-
tions of the fhell with thofe of a fhot fired from an 8 pr.
The refult will exprefs the proportion between the effeéls of
the two projectiles, though the hole made by the howitzer
fhell will be much Jarger than that made by the fhot: but the

velocity
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velocity with which the fhell impinges on the butt and its
fpecific gravity being lefs than thofe of the fhot, the penetra-
tions, provided the butt be of a proper confiftence, will be lefs
than would refult from the formula £5=Dwu?* (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 cor-
refponding velocities will be greater in the fhell than in the
thot; it will be neceffary, after having afcertained the initial
velocity and the value of »=the refitance of the air, to find
the remaining velocity = V and fubftitute its value in the for-
mula D#? in order toobtain the penetrations of the fhell
fuppofing it to be folid: but as its weight is lefs than the
fpecific gravity of a fphere of folid iron of the fame diameter,
the expreflion D #z* muft be diminithed in the ratio of its
adual weight to its weight when folid ; which will then nearly
give the abfolute penetration to be compared with that of
the fthot.

218. Thefe experiments having been made with a 52 inch
howitzer and r = 12 for the refiftance of the air to a 32 Ib. fhot,
the remaining velocities of the fhell fired with proper eleva-
tion to firike the butt at the different diitances are inferted in
the following table, and alfo the correfponding relative pene-
teations, fuppofing the (hell to be {olid and the butt eafily pe-
netrable.

Relative
The velocity with which the fhell impinges. penetrations.
Yards, Feet.
Shell fired clofe to the butt ‘472 53 %4722
At the diftance of 340 364. 5% % 3647
At the diftance of 680 286 53 %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 7 and will be as follows :

Relative
penetrations,
Yards,
Shell fired clofe to the butt 2359
At the diftance of 340 — 1404
At the diftance of 68c = 869

Cn
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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

deftroyed by a fhell,
Yards.

Fired clofe to them el 5
At the diftance of 340 == 3
At the diftance of 680 — 2

219. To derive from the howitzer thell the fulleft effe&ts,
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 effeéts of the fplinters, let fome how-
itzer fhells burft in the midft of a number of dead animals
and their effe@s be carefully obferved. The refult in general
will prove that the fplinters of a fhell will not pafs through
the thickeft parts of a man’s body; and if it burft in the
midft of a number of men, not more than four of thofe
neareft to it will be wounded: by adding to the poffible
effets of the thock (218) thofe of the fplinters, we fhall af-
certain how many men can be killed or wounded by a how-
itzer fhell.

Number of men killed or wounded,

By the fthock By the fhock
alone. and fplinters.
Yards;
Fired clofe to them 5 — 9
At the diftance of 340 3 - 7
Atthediftanceof 680 2 — 6

The number of men wounded and difabled will be greater,
if the leaft refifting parts of the body be ftruck; as was re<
marked in the cafe of cannon fhot.

220. On comparing the effeéts of a fhell and fhot (1g97),
it is apparent that in refpeét to the fhecks alone, not onl
common 8 prs. but even fhort guns fired with the leaft
charge are more deftrutive than the howitzer ; and that the
only advantage the latter has over them is when the: fhell
burfts at 680 yards. A howitzer (hell fired againft the front
of an army will feldom range 680 yards; and even then
it is mere chance, if it burft in the midft of a body of men :
fhould not this happen, or thould it by accident break againft

a flone
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a ftone, or the fuze be extinguithed by falling into foft
ground, its effects will by no means‘equal the effects of the
thot,

221. The remarks on the penetrations of hells compared
to fhot will precifely apply to the length of their refjective
richochets, That the firlt graze of the fhell and fhot may
be at the fame diftance, the liowitzer muft be more elevated
than the gun; the fhell confequently will not fo eafily reach
its deftination, the angle of incidence being lefs acute its
force will be more deadened by the fall, and its richochets
thorter and. fewer,

222, To afcertain the effeQts of a howitzer loaded with
cale {hot equal in weight to the fhell, it fuffices to remark
that the initial velocity of each bail is equal to the ininal ve-
locity of the fhell (207): which being found by experiment,
and a round of cafe fhot fired at the fame anglc of eleva-
tion, the penctrations of the balls may be eafily derermined
(205). Suppofe the balls be projected from different di-
ftances, then on comparing the relative penetrations with
thofe in the preceding table (205), or with others produced
by velocities lels than 1150 feet, it will give the ratio be-
tween the effeCts of cale fhot fired from a Lowitzer and a
gun. The initial velocity of a fhell fired horizontally or
nearly fo, is about 474 feet; the following will be the pene-
trations of the cafe (hot.

Weight of balls, ~ Verynear the butt. At the diflance of

0z. 170 yards,
6% — 803 - 138
3+ i 640 b 59
I o 444 s 6

On comparing this with the former table (205), the pene-
trations of balls projected 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
10194 nearly : and at the diftance of 170 yards, as 138 :
4624 ; or as 1: 33 nearly.

223. But as the howitzer contains three times as many
balls of the fame diameter as the 8 pr. and 6 times as many
as:the 4 pr. this difference thould' be likewife eftimated. - To
this end, the relative fituation of the troops againft which
they are fired muft be confidered.

Suppofe a howitzer and an 8 pr. to be on the fame plane

with
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witli the enemy and equally diftant from them; the num-
ber of men in the firft rank firuck by the cafe fhot from the
howitzer and by that from the gun wiil be in the ratio of the
bafes 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 fhot 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 effects exceed thofe ot the
howitzer, on account of its greater remaining velocity = V. To
make the comparifon clearer, fuppofe circumftances the moft
advantageous to the howitzer; viz. that at 170 yards, it
firikes triple the number of men; under this fuppofition, its
greate(t effects will be to thofe of the gun as g3 x 138:4642 ::
nofy. )

224. Again, if the enemy be drawn up on a rifing ground
in form of an amphitheatre, and fo near that each ball may
firike one man ; the effe&ts of the howitzer will .be to the
8pr. as §: rand to the 4 pr. as 6 : r : but if three rounds of
cale thot be putat-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
1450

(200) than of thofe proje®ted from the howitzer ;

they will range farther and do mare execution: the 8 pr.
is therefore to be preferred. It was fhewn in the former
part of this work, 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. 1002z. 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 Jength of the howitzer be curtailed; the dif-
ference will be fiill greater.

225. In 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 Jarger fhells,
the preceding refleftions thould be had in view: the car-
riage and the wheels, for inftance, thould be made ﬂrong
enough to refit the greateft efforts of a large quantity of
powder. But when the fhell is projected with rwice the
initial -velocity fuppofed in the courfe of this comparifon,
the howitzer will yet be inferior to the 8 pr,

226. There
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226. There are particular cafes however, where the how-
itzcr may be very ufeful, as in the attack of pofts where the
eneny is perfectly covered from cannon fhot: the fhells from
the carve line that they defcribe may then be of excellent
fervice 3 or, in the attack of towns or villages, where large
quantities of ftraw, hay, faggots, or other combuftible ma=
terials are depofited. Some pieces of port fire compofition
may be put into the fhell, 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
in the attack and defence of places.

1. In a fortified town, when the cafemates or capo-
nieres are too narrow to admit guns of the com-
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 project cafe thot with the
greatelt initial velocity ; the howitzers may be length-
ened if there be fufficient room3; this will in fome mea-
fure bring back the pierrier guns formerly in ufe.

3. In the attack of places, fome howitzers may be
planted on the batteries defigned to fire a richochet, to
enfilade the covert way and its branches : eflential 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.

R T e

OF SHELLS PRoJECTED FROM MoRTARS.

228. TH IRTEEN and 1o inch mortars are much
ufed in fieges : 1'5 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 thickneffes of metal are diminithed
and the chambers reduced in fize, their ranges are fo much
fhortened, that the fhells do not fall with more force tl?afn
thole
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thofe projected from 13 inch mortars; they are moreover
very cumberfome and hezvy

229. 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 ciries.

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 conftructed with fufficient
ftrength to refift the fhock.

Ten inch mortars are generally adequate to thefe purpo-
fes; hence on principles of ceconomy, 13 inch mortars are
feldom ufed, unlefs the diftance be too great for the {fmaller
mortars : their figure being the fame, their longeft ran-
ges are nearly in the ratio of 4:5. Of fhells of the
fame conftruction, the largeft are undoubtedly the beit for
fetting fire to buildings, efpecially when fome pieces of port
fire compofition are put into them : the fplinters are more
deftru&ive to works and buildings: than to men, and the
harfher the quality of metal of which the fhell is caft, the
greater number-of pieces it will burft into.

Shells made of a very tenacious iron are beft adapted for
penetrating the vaulted roofs of barracks, magazines, &c.
that on coming in contact with a hard body, they may not
break before they explode: by diminithing the interior ca-
vity of the fhell, the force of the fhock and its refitance to
the explofion are much increafed.

230. Our anceftors, in eftablithing the proportions of
thells, conceived that the thickelt part fhould be oppofite to
the fufe ; that from its fuperior weight, it might always come
firft to the ground, and in firiking againft hard bodies 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 {mothered and
exrjngu}ﬂ}cd, When the fufe is not driven far enough into

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 ftrikes
againft the wmuzzle, and breaks off'; thus, if the fire has not
penetrated beyond the eye of the thell, 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 pawder render it ne-
ceffary 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 (hould be filled with the
ftrongeft 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 mere abundant and elaftic." An increafe
of elevation alfo adds to the initial velocity, even with equal
eharges 3 fince from the greater refifiance oppofed to the ex-
plofion in this pofition of the mortar, the fluid generated in
the chamber acquires, before the fhell begins to move, greater
denfity.

The fame effects do not take place in mufquets, though
fired at different elevations (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 elevations ; for inftance, at 70° and 200 : the
thell will range much farther at 7¢° than at 20°; though,
from the theory of projectiles, fired in wacuo, the ranges
thould be equal ; and fired in the open air, the fecond thould
be the longeft. By varying the charge of powder in the fame
mortar, it _has been found, that there is a particular elevation
which with each charge gives a longer range than can be ob-
tained from the fame charge at any other elevation ; where-
fore mortars (hould not be fixed in their beds at a certain
elevation, as from the theory of projediles many have ima-
gined fhould be the cafe. The elevations that give the
longeft 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 refpective
{hells, and the fize of their chambers.

232. It is evident, therefore, that a knowledge of the
various circumftances that conduce ta the effectual ufe of
martars
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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, 2 particular form of inftru@ion 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 effeft. For this purpofe the ufe of fhells is re-
duced to two principal cafes ; (229) the firt 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 confiruéted,

233. It is fufficient in the firft cafe (232) that the fhells
be projected with juftnefs, without much regard to the
force of the fhock ; this may be attained by obferving the
following inftrucions, which “are within the comprehenfion
of every man. The bombardiers fhould pradife with 13
and 10 inch mortars of the common conftrution ; after-
wards with fome of the fame calibre, but with chambers of
dnﬁ‘erent. dimenfions, in order to convince them that a dif-
ference in the fize of the chamber confiderably affe&s the
length of the range,

1. They fhould 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
confirufted 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, induces a neceffity of altering the elevation,
and alfo affects the range; and that with the fame
mortar, the ranges diminifh in proportion as the elevas
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 3
fince to negligence or miftake in this particular, may
be attributed many of the varieties 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 defleftion 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 affelts the ranges, they (hould be taught
to make allowance for thcfe circumftances, by ele-
vating or depreffing the mortars ; by increafing or de
creafing the charge.

5. Thev 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 object : 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 50°,
the more irregular are the ranges,

6. When the object is to fire at troops or enfilade
works, it is better to lay the mortars at fiall elevations,
that the fhells may not bury themfelves.

. When the plane of the mortar battery is below
the plane of the objedt, it is much eafier to project the
thells with jufinefs, than when they are both on the
fame, or the mortar on the higher plane.

234. The fecond cafe (232) 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 objet with the greatelt poffible force. Suppofe a (hell
projected from the point A, in the direction 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 projeétile has in
each point of this curve, the direCtion and quantity of com-
pound velocity at each point muft be found. For this pur-

ofe itis nieceffary to have a feale of the {paces pafled threugh
in times of wunequal movement (170, 172) from whence
may be deduced the fcale of correlponding velocities : then,
to afcertain the direélion 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
carrefponds to the retarded movement of impulfion AP ;
then the right line H B will exprefs the direction and guan-
tity

.8
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gty 'Dfsﬁompound velocity, which the fhell has at the point
168).
£35- From the confiru&ion (234) it appears ;

I. That if the point I reprefent the vertex of a
curve, F C will exprefs the horizontal direStion which
the thell has at that point, and the quantity of compound
velocity, which is lefs than the fhell can have in any
other point of the curve.

2. That the compound velocity at the point N id-
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 nearto 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 pra&ice is always greatly below the plane
AB : the velocity of the projedtile is then reduced to
the unequally accelerated movement of gravity.

3. That the angle formed by the direction of the
fhell 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@ion of
the fhell and the horizon, can only become a right
angle, in a point L far diftant from the horizontal line

’ . a
236. The formula m V x whole s =/ (178) ferves to
exprefs the force of the thock of a thellagainfta plane, of which
the inclination is given ; the application of this formula
will be rendered more familiar by the following remarks :

I. The force of the thell N increafes, in proportion
toits diftance from the vertex F of the curve; fince its
compound velocity alfo increafes (235, No. 2): the
force of the fhell at the point B being exprefled by » V
=mx BH is greater than its force at the point F,
becaufe B H is greater than C F.

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 being equal to the wholefine, the expreflion =
whole fine

P2 reprefents
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reprefents unity : on the contrary, if the fhell at the
point F meet a horizontal plane, @=0; in this cafe,
there will be no thock, and the fhell will roll upon the
lane.

- 3. If the thell firike the point B in the plane Zy
inclined to the horizon with a direét fhock, its force
will be to the force of a fhock 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-
flead of firiking the horizontal plane B Q,  firike
the inclined plane I 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 projeited 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 fhell 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-
jecs in differently inclined planes, the fhock of the leaft
thell may exceed that of the largeft ; becaufe the angle of
incidence of the latter may be moft acute.

237. To ftrike with a direct (hock, 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 object 5 and that the
curve defcribed by the fhell, be at right angles to it at
the point of impaét.

2. To ule 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.

. Thence to determine the diftance that the mortar
fhould be placed from the object and its proper clevation.
238. It is obferved, that the curve defcribed by fhells
does not always cut the vertical plane of the object, in the
divetion of the axis of the mortar, but deflects from it fo as

to defcribe a double curve, The folid fphere of bronze
projected
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projeQted from the eprowvette-mortar, when it reaches the
vertex of the curve, deflects either ta the right or left, though
it be very denfe, and its furface very fmooth, The deflec-
tion of {hells, whefe fpecific gravity is lefs, and centre of
gravity diftant from the centre of the figure, and which from
the cars and the head of the fufe prefent an uneven furface to
the 2ir is greater : the fule, from the rotation of the fhell
round its axis, defcribes a kind of picciloide.

T'his defletion does not much diminifth the force of the
thock on a flat, but on a convex fuperficies its effelts are
very confiderable; for, however {mall the defle¢tion may be
to the right or left, the angle of incidence infiead of being
right, becomes very acate.  This circumnftance merits a
more particular examination :

239. Suppole in the firft place, that the fuperficies B to be
impinged be flat and horizontal like the ramparts of for-
trefles, (PL. 6, Fig. 22) under which are cafemated barracks
or magazines, covered with thick layers of earth well ram=
med : in order to break through thefe cafemates, the mor-
tar fhould be placed in Q_ very near to the point B, and laid
at a very high elevation, as 75° or 85°, that the angle of
incidence may be nearly a right angle. If the diftance from
B to Q_be fhort, and the plane of the mortar much higher
than B, the compound velocity of the (hell will be greater,
fince the angle of incidence approaches nearer to a right
angle, and the force of the fhock will be greatly increafed :
the reverfe will happen if the mortar be much lower than
the object; infomuch, that if the fhell on reaching the
vertex of its curve, meet a horizontal plane, it will roll
upon it without penetrating (236). This firfi fuppofition is
the moft favourable tothe effect of fhells, the vertical plane
cutting the plane of the object at right angles ; and the given
{uperficies 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 R
towards A, as the angle ABy is the greater; the axis of
the mortar produced (hould pafs through a vertical plane,
fuppofed to cut Y Z at right angles. The diliance between
the mortar and objet, and the proper elevation for giving a

P3 diret
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_ direct fhock, muft bedetermined from a knowledge of the two

unequal movements that form the curve (17c, 172); and the
initial velocity produced at a certain elevation, known by previ-
oufly firing a few rounds to afcertain the quality of the
powder. But if the law of the two unequal movements
cannot be obtained, the officer muit have recourfe to the
treatife on curves, and their greatelt amplitudes ; 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 thell increafes in proportion to the greater
elevation of the mortar: by properly combining thefe cir-
cumitances, he may, without removing the mortar a great
way from the objeét, procure an oblique {hock of greater
force than the dire& fhock that could be obtained at a
greater diftance with a lefs initial velocity 5 fince the greater
the diftance the lefs will be the elevation, and the lefs, of
courfe, the initial velocity. Under this fecond fuppofition,
deflections to the right or left do not much diminifh the
force ot the fhock, buta very (mall error in the amplitude
is fufficient to prevent the fhell from impinging on the ob-
ject; fince thefe planes, in the direction of the mortar,
are of no grear extent, and from their inclination, the fhocks
would become fo oblique, that the end propofed could by
no means be attained (236, No. 3).

241. Suppofe in the third place, that the fuperficies be
convex, as the roof of a cafemate turned with a circular
arch : the mortar thould be placed as near to it as poffible,
that from the higher elevation, the fhell may have a greater
velocity ; and in the direCtion of the keys of the arches,
that notwithitanding any fmall variation in the amplitude,
they may ftill be of fervice : the lealt deflection will be
fuificient to render the (hock, which fhould be dire&, very
oblique. Again, if the fuperficies be convex, in form of a
dome, the flighte(t error in the direction or range will greatly
diminith the force of the fhock ; fince this fuperficies declines
on every fide from the perpendicular : wherefore, it is of all
others the moft difficult objeét to firike with a direé fhock.

242. When the officer has determined the beft fituation
for direfting the mortars againft the objects he propofes to
bombard ; he will inform the bombardiers of the. proper

elevation and quantity of powder, and point out every par...

trcular that can conduce to the hetter execution of the fer-
vice ;
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vice : the bombardiers having been already trained at the
fchool of praltice (233) will be enabled to execute with
precifion and efficacy the order they receive.

243- In bombarding military edifices, the thells may fall
on folid works of malonry, built upon arches, or on foft
fubftances, as earth, &c. with which arches are frequently
covered, to fecure them from: thells. When they fall on
folid works of mafonry, they tend by their fhocks to pene-
trate and fplit the cafemates; and by their explofion to over~
turn the counterforts, and fhatter the walls.

Arches conftruéted on the principles laid down in the
firft and fecond books of Military Architeclure, are capable
of refifting the moft violent thocks from 13 inch fhells : their
refiftance increafes when they are conftruted of the beft
materials, in a climate favourable to their acquiring great
tenacity 5 and when they are contiguous tofolid 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 preflure of the vaulted roofs, but every
fhock to which they may be expofed from fhells.

244. All the effett of a fhell falling upon a folid work of
mafonry buile on arches; is reduced, if the arch be well
turned and made of choice materials, to a fmall excavation
in the place where it falls: it even often. happens that the
fhell breaks before it burlts, particularly when caft of brittle
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 unneceffary thicknefls
which mafons generally give to the arches, -under the idea
of rendering them impenetrable ; the fubftances in too fmall
a mafs, as in detached powder magazines; or the ftone of
of foelaftic a nature, as confiderably to increafe the thock ;
(Treatife on Moving Bodies) in all thefe cafes the fhells
will produce the defired effeéts. A fhell on - penetrat-
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 workmen, the materials be bad or badly
worked up; or if owing to the climate, they have not
acquired 2 fufficient degree of tenacity, the fhell, befide ma-
king a hole, will fplit and fhatter the building.

245. Shells falling on arches covered with earth or other foft
materials (243) bury theulu)feires without daing any mate-

o rial
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rial injury, if the earth has been properly prepared (Military
ArchiteGturej. 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 thell 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
with to enter more particularly into the confiruction of mili-
tary edifices, to enable them to refift the force of. fhot or
thells, may refer to the fifth book of Military Architecture,
where the fubje& has been fully difcuffed.




