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INTRODUCTION.

HE origin of fire arms and artillery is owing

to the dlfcovery of gunpowder; but when

this was, or in what country, We are ignorant

of : it is however probable, that it muft have
been in the eaftern part of the world, becaufe faltpetre,
which is the principal ingredient, is found in great plenty
in fome provinces on the furface of the earth, and from
thence is brought to Ewropetver fince its ufe has been
known ; and faltpetre being mixed with “Tulphur, of
fome other combuftiblg, fubffante, either by chanée or
otherwife, produced a power by its explofian not known -
before, whereby bodies could be thrown toa great dif-
tance,

It is generally fuppnfcd sthat the C\bmefe Jche ﬁrﬁ
that' made this difcovery.;*for fano Vale]l'og.e a Spanif .
author, mentions, that powdeeand guns were found in -
China in the year 85, by king #itey ; ] but whether it was-
known before in any other country is uncertain. -

‘The firft difcovery of powder in Europe was made by
Bartold Schwariz, a monk, at Mentz, in 1320, by accis
dent ; being a chymitt, he happened to mix fome fales
petre wuh fulphur-in a mortar, and covered it with a
ftone ; the compofition accidentally. taking fire, the
explofion blew the ftone to a confiderable diftance. This
fuggefted the notion, that if this compofition was pro-
perly confined, it might be ufeful in the attack and de-
fence of places: and from thence the i invention of guns
may be dated in Eurape

Roger
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Roger Bacon, who lived about 50 years before, men-
tions a compofition known in his time, by which thunder
and lightning could be imitated : Schwariz was the firft
who applied it to military ufes,

It is faid that the Venetians made the firft ufe of guns
at the fiege of Claudia Jeffa, now called Chioggia, in
1366, which were brought there by two Germans, with
fome powder and leaden balls; but father Danriel proves
from records, that the Fremch had gunsin 1338. As
the invention of guns is fo immediately connected
with that of powder, it could not well be otherwife than
that Shwartz was the inventor of both; and that they
were from thence carried to France, and afterwards to
Italy. - :

Somie authors fay, that the firft guns were made of
iron bars laid lengthways, and kept together with ftrong
iron hoops ; and others, with thin fheets of iron rolled
- up together and hooped ; but which way they were
made, it muft have been in a rude and imperfeét manner,
like the firft effays of many new inventions.

The firft guns were but fmall, and their fhot of lead ;
but afterwards, when their ufe became better known,
they were caft of gun metal, and of extraordinary fize;
‘and their fhot were made of ftone: for the Turks had
fome at the fiege of Conflantinople, that threw a weight
of 500 1b. and Louis XI. had one caft of the fame fize ;
many others are mentioned in hiftory, who carried fhots
that weighed from 80, go, to 100 pounds.

But as thefe guns were fo very heavy, and could not
be tranfported without great difficulty, they have been
reduced to fmaller calibers, and mace their fhot of iron.
Since that time the largeft caliber that were ufed was a
48 pounder ; but at prefent no larger are made in the
Iand fervice than 24 ; and at fea 42 pounders.

" It was long imagined, that the more powder a cannon
- was loaded with, the greater its execution would be ;3 for
which reafon they were loaded with as much POWdc; as

their
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their fhot weighed, and to refift fo great a force, they
were made very heavy, and.of a great length; in ordet
to give time to the powder to burn all betore the fhot
left the piece.

This great charge was diminifhed afterwards to two
thirds, and then to one half, without leflcning the weight
of the guns, or their length. The chevalier Belidor
made fome years ago feveral experiments relating to the -
charge of battering pieces, whereby he found that one
" third of the weight of the fhot was fufficient, and the
French ufed no more during the two laft wars: it is very
probable that lefs might do; for fome experiments were
made at Woolwich with light field pieces, and it was
found that one fourth and even one fifth was fufficient
for the charge of thefe pieces.

Notwithftanding the great importance it would be to
a nation to have its artillery carried to fuch perfection,
as to make ufe of as little metal and workmanfhip as
poflible, and at the fame time to bring as many and as
large calibers into the field as others, thereby reducing
its immenfe expence to as little as is abfolutely neceffary ;
yet it will be found upon examination, that very little
improvement has.been made in the proportions of guns
fince Dilichius, a German, who wrote near 200 years
ago. ,
It is true S¢. Remy, a French author, publifhed in 14232
the moft compleat and extenfive Treatife of Artilleryy
in two volumes in quarto, that is extant; which has
fince been much improved in the laft Paris edition, in
three volumes, publifhed in 1745, containing all the
improvements made in the artillery fince the firflt edi-
tion : but as it is only a colle¢tion of memoirs he re<
ceived from the different artificers employed in thefe
works, and who had no other knowledge than bare imi-
tation, it could therefore not be expected that what they
tran{mitted to him was grounded upon fuch mechanical
principles as depended upon mathematics, without which

no real imiprovements can be made.
ba All
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All the authors that wrote fince have done no more
than copied his works in an imperfect manner, even the
German authors follow him ; though it is plain that the
French have chiefly copied Dilichius : for their field car-
riages are exactly the fame to this day as he has deli-
neated them in his work ; and as to the alterations they
have made in the proportions of guns, they are trifling
and very little to the purpofe.

If we confider the various lengths and weights that
have been given to pieces of artillery at different times
by all nations, it will appear, that no principle is fo
uncertain and unfettled as that upon which the artillery
artificers have grounded their conftrutions. For in
queen Elizabeth’s time they made fome 18 pounders 24
feet long, cafcable included, fuch as the culverin in
Dover-Caftle, and that at Nancy ; and in king Charles the
fecond’s, Count Mansfield made fome 6 pounders that
weighed but 180 lb, and 245 pounders of 700 Ib. as is
rclated in the account of the fiege of Breda by the Spa-
niards under the command of Spimola ; and about the
fame time the Spamiards caft fome others not much
heavier ; one of them we had at Woolwich was 7 feet
long, weighed only 21: 3 :4, and carried a fhot of
about 41 pounds of our weight,

Though thefe light pieces were then highly efteem-

_ed for their eafy carriage and facility of working, yet
much heavier and longer have been made ever fince
without any manner of reafon, till 1744, when Colonel
Weideman, a German, brought light pieces in ufe again
as a new invention of his own. His pieces were made
of fheets of copper rolled up and foldered together ;
they were fo very light, that a 6 pounder weighed no
more than two hundred and a half, and yet ftood all the
proofs that were required. S

This gave rife to our light field pieces; but it was
not without great difficulty that they were received, and

‘no Jefs than the exprefs command of his royal highnefs
the late duke of Cumberland could have prevailed ov}sr

the
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the fervile attachment for an old eftablithed cuftom,
though ever fo erroneous, which, when once covered by
the veil of time, becomes in a manner facred.

But even lighter field pieces than the prefert might
be ufed; for on the 12th of Fume 1751, fome experi-
ments were made on Putney-Common by baron Siark,
a German, with a piece made of a new metal of his
_invention ; which piece was a 6 pounder of 3 feet and
a half long, and weighed 3 : 2 : 0, as he faid, and it
was fired 300 rounds in three hours and 45 minutes,
being loaded each time with a pound and a quarter of

owder, without receiving the leaft damage.

This trial being reported to lord Ligonier, then mafter
general of the ordnance, he and the reft of the principal
officers of the board refolved to try our light 6 pourders,
in order to know whether they would ftand the fame
trial or not; and accordingly, on the 15th of Fune, my
lord pitched upon one amongft thofe that had been ufed
at the battle of Lafelds. This piece was four feet and
a half long, and weighed 4 : 3 :0; and after being
. fired 300 rounds in three hours and 27 minutes, loaded

‘with the fame charge as that above, was found not to
have received the leaft damage. The fame trial has
been repeated afterwards with a gun of the fame dimen-
fions as the former, which had been made by another
founder, and it fucceeded equally as well.

Thefe trials fhew, that thofe light pieces are fufficiently
ftrong for any ation ever fo obftinate; and that pieces
in general may be made lighter than they are at prefent,
appears from feveral other trials made fince with light
brafs pieces, according to my conftruction, as will be
fhewn hereafter.

It is faid that fuch light pieces would not do'for bat-
tering breaches, nor on board of - thips, becaufe of their
recoiling too much ; but it fhould be confidered, that
_batteries made upon thefe occafions are always, or ought
to be near the obje&, and the charges now ufed are but

half the former, becaufe a thot, whi¢h has a fufficient
' - b3 velocity
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velocity juft to enter the wall, fhakes it more and de.
ftroys it fooner than if the velocity was much greater,
This is 2 matter of fat grounded upon experience,

It is fuppofed at’ prefent, that no lefs caliber than a
24 pounder will do to make a breach: and it may fo
happen, that the heavy pieces cannot be carried through
bad roads, as in America, or over high hills, as in Scot«
Jand. Upon thefe occafions it feems to be abfolutely
neceflary to have light pieces : for which reafon we have
given a new conftrution of light pieces in page 62,
where the weight of a 24 pounder is 18 : 1 : 5; which
differs iu fome things from thofe ufed at prefent : becaufe
mine are made the fame number of calibers long, and
their weights in proportion to that of their fhot, as we
fhall prove hereafter they fhould be ; whereas the large
calibers of the prefent are made fhorter and lighter in
proportion than the fmall; and it has been found by
experience, that the prefent light 24 pounders recoil too
much, let the hind part of the platform be ever fo much
raifed.

Artillery has hitherto been confidered merely as prac-
tical, without conceiving that for want of the mechanical
principles, deduced from mathematics, no improvements
can poffibly be made. For all the experience of the

- artillery officers cannot be of any ufe in the conftrution
~of pieces, as their bufinefs is to make the beft ufe of
them, and not how they. are made, neither are they ever
confulted upon that fubject. . :

To put the artillery upon a better footing than it has
‘hitherto been, proper experiments fhould be made in
time of peace, and by fuch as have fufficient knowledge,
fo as to be able to draw juft inferences, which is feldom
the cafe, as it appears by thofe hitherto made, and which
will be inferted hereafter, where it will be fhewn how -
little the moft of them may be relied on,

It is certain, that in moft cafes common geometty

-and the, principles of mechanics.is fufficient ; but there
are others which cannot be determined without the higher
" principles
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principles of mathematics. For how can the velocities
of fhots and fhells be determined, without being ac-
quainted with the laws of refiftance, and which cannot
be known without the ufe of fluxions, nor the finding
the curve defcribed by the fhot, which is one of the
moft intricate cafes? Again, the proper length and
charges of picces cannot be determined without the laws
of motion in a refifting medium : it is true that expe-
riments may be made for that purpofe ; but how far we
may depend on them, without being confirmed by a
proper theory, will appear hereafter. ,

A remarkable cuftom has prevailed all over Europe, -
which is the making fmaller calibers much longer in
froportion than thofe of a higher nature ; imagining,

fuppofe, to increafe thereby the velocity of the fhot,
without knowing that a piece may as well be too long
as too fhort : as long as this pernicious cuftom prevails,
no improvement can be made in artillery ; forasa greater
number of fmall calibers are ufed than large, and the
fmall are thereby as heavy again as they need be, were
their length of a juft proportion.

Had it been known that every caliber has but one
determined length and charge by which it will carry its
fhot farther than any other greater or lefs, and that it
cannot exceed a determined velocity, let the fhot be
impelled by any force whatever, and that thefe velocities
are always in proportion to the diameters of the fhot,
this pradtice would not have been followed. But as the -
demonftrations of thefe principles depend on the method
of fluxions, which would not have fo well fuited in a
practical treatife as this, I was obliged to write a treatife,

. where every thing relating to artillery, not inferted here,
will be found. '

To fettle artillery upon a proper foundation, we fhall
relate all the moft remarkable experiments made here
and abroad, beginning with thofe inferteq in Sz. Remy’s
memoirs, volume i, page 114, which are faid to be the
oldeft upon record, ’ ' )
g ' . b4 Ic
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It is eafily perceived, Ranges in Paces.

that no dependance can be | [Cilib [Point blauk.| At random.
had on thefe experiments.

For it is a plain contra- | 33 | 600 - 6coo
dition, that the point

blank ranges of a 24and | 24 | 800 | 6000
16 pounders fhould be

longer than that of the | 16 | 8oo 8000
33 pounder ; and that the

random range of thefe laft } 12 | 450 5000
guns fhould be no more

than that of the 24 poun- 8] 300 3000
der. Again, the 16 poun-

“der random range to be fo 4| 150 | 1500

much greater than the reft.

As neither the length and weight of pieces, nor the
weight of the charges are mentioned, though the expe-

riments were true, no ufeful inferences can be drawn
- from them,

Monfieur du Metz, lieutenant ge- [Calib| Ranges.
neral, made in his time the following
“experiments on the ranges of guns, | 24 |2250Toifes
by which he found that the French
pieces loaded - with two thirds the | 16 | 2020
weight of the fhot, and thofe of the
new invention loaded with one third, | 12 | 1870
ranged the fame diftances when ele-

vated at an angle of + 5 degrees. 8| 1660
As neither the length or the weight -
of the pieces are mentioned, nothing 4’| 1520

can be concluded from thefe experi-
ments. It is furprizing that Sz, Remy did not mark the
dates of thefe experiments, nor what the French pieces were
at that time, as well as thofe of the new invention, If
] may venture to guefs, their length were 10 feet, all
except the 8 and 4 pounders, which were only 8 feet,
according to the fecond table hereafter ; and thofe that
are called of the new invention had fpherical chambers.

If
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If this be true, all that can be concluded is, that 10
feet is a better length for a 24 pounder than for any
other caliber, when loaded with a weight of powder
equal to the two thirds of their fhot ; but as no piece is
loaded at prefent with that charge, thefe experiments
can be of no ufe.

There are feveral tables of the lengths and weights of
the French pieces ufed at different times not fpecified,
except the laft of the prefent.

That which feems the oldeft is the following, pag. 73,
volume i.

This table fhews how ;
rude and imperfet the TazrLe L.

" firft trials of artillery were, |Calib | Length. | Weight.
and what enormous length
the {maller calibers were Feet Inch.
* made in thofe times. 48 |10:0 720clb.

[t is alfo to be obferved, ,
that the 24 pounder, tho’ 40 | 16: 6 7000
13 feet long, weighed no
more than 4300 lb. where- 32 22:0 7200
as the prefent of 1o feet
weigh 5400 lb. If the | 24| 13:0 4300
former were found to be

fufficiently ftrong, what | 20| 16:0 7000

could induce them to load -

them with fo much metal 16| 18: 0 4200

now ? All that can be faid -

is, thatif experimentsare | 12 | 1T:0 4250
" made for a particularfancy. |-

only, and are not enquired 10 |13:0 3850

into by the fucceffors, all .

the attempts an aythor can 8l15:0 3500

make far improvement are

vain and ufelefs to the 4]12:6 2500

public, '
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In the table facing page 207, vol.ii. are marked the

following dimenfions.
This table fhews, that
the length and weight of
pieces were better propor-
tioned in that time than
they were before : but that
the length of the 24 and
16 pounders fhould be the
fame as that of the 33 ; as
likewife the 8 and 4 to be
of the fame length, fhews
the little reafoning made
ufe of in that time.
The laft regulations that
were made in 1732, and
_ which are followed at pre-

‘fent, may be feen in the next table.

TaprLe IL

Calib.| Length. | Weight.
33| 10:0 6200lb.
24| 10:0 510:-
16 | 10:0 4100 -

12 | 10:0 3400

8| 8:0 | 1950

4 8:0 13C0

It is evident, that

the lengths and weights were not deduced from any folid
reafon, but from the fancy of thofe who are moft at the

head of that branch.
That the weight of thefe
guns is greater than they
need be, appears from our
iron 24 pounders weigh-
ing no more than 4800,
which is even too much,
as will be thewn hereafter;
and according to this pro-
portion, the fet of them
contains 3250 lb. of metal
more than the ftrongeft
conftrution requires.
It muft be obferved,
that the French reckon by
the neat weight, and not

100 French pounds weigh fomething more-than 114 of

Tasvre IIL
Calib | Tength. | Welgh.
.24. 10 1.5 | 5400lb,

16 (‘"9:W6 . 42‘;;
12| 9:0 | 3200
8| .8:'1” 2100
4 6 :“9 'rwugo

by 112 pdunds for a htmdrcd
weight, as we do; but it is fhewn in page 11, that

our



INTRODUCTION. xi

our pounds ; fo that a French hundred neat weight is
more than our hundred of 112 pounds. '
We fhall now come to the experiments made at home,
or under the direction of Englifh officers. The firft on
record that came to my knowledge are thofe made by
general Armfirong, furveyor-general, in 1736, which are:
The length of thefe :
ieces are exprefled |Tength.| Range. | Range. | Range. t
in_ feet and inches, ,
and the ranges in (10: 6 | 2486 | 2614 | 2406 |
yards : out of a great
many trials, three of |10: 0| 2570 | 2532 | 2436
the longeft ranges of ,
each piece are fet | 9: 6 | 2633 | 2560 | 2500
down here. All thefe |-
pieces were brafs 24 | 9: 0| 2796 | 2494 | 2563
pounders, and all ~ '
weighed nearly 5200, | 8 : 6 | 2586 | 2490 | 2466
and were always load- - :
ed with two thirdsof | 8; o | 2438 | 2470 | 2453
the (hot’s weight, that
is, with 16 pounds,
The intent of thefe experiments was to find the beft
length for a battering piece, when loaded with the com-
mon charge then given; and that of g feet 6 inches
was fixed upon as the beft, though the firft and laft of
the g feet ranges were the longeft of thofe in the fame
columns: this was owing, I fuppofe, to this length being
more convenient for battering than that of g feet long.
If we examine ftrictly into- thefe experiments, it will
be found, that no improvement can be made from them,
For no two guns can be equally bored, and the leaft
difference may caufe a confiderable one in the ranges :
nor no two vents can be pierced fo as to come out at the
fame diftance from the bottom of the bore, which is of
the greateft confequence, as we fhall prove from repeated
¢xperiments, ' '

 Length
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But fuppofing all the pieces were exaétly bored alike,
and the vents placed the fame, what other conclufion
could be drawn from thefe experiments, than that the
beft length of a 24 pounder is g fect 6 inches when load-
ed with 16 pounds of powder? It is not probable, that
if a lefs charge was ufed, as at prefent is the cafe, this
length would be the beft ; neither can we draw any in-.
ferences from them in refpect to the length of greater
or {maller calibers.

It is not fufficient to make experiments without. any
intention of their being ufeful towards the improvement
of artillery in general, and fuch as proper conclufions
may be drawn from them § otherwife the greateft ufe they
can be of, is to determine fome particular cafes only,
which are by no means fufficient.

The beft and moft ufeful experiments that have
hitherto been miade, are thofe of general Williamfon’s,
affiited by major Hiflope, and feveral other officers of
artillery, which I fhail infert here, as taken from major
Hiflope’s account.

ExpeErIMENTs made at Mabon in Minorca in 1745,
with two iron 18 pounders, one of 11 feet long, which
weighed 5t :0:5; and the other of g feet weighed
39 : 1: 3. They were fixed upon a rocky ground, and
fo contrived as to be elevared to any number of degrecs.

. Hence it appears, that when the pieces were loaded
with g pounds of ‘powder, the range was greater than
when loaded with more or lefs, ‘

Again, that the picces of g feet long carried farther
than thofe of 11, in almoft all the fame circumftances,
though the firft is lighter than the fecond ; which fhews
that the length of the ranges does not fo much depend
on the weight, as on a proper length, and on a proper
charge. ‘

The accuracy of thefe experimenis is confirmed by
the theory : for we have proved in our appendix, that
the greateft range an 18 pounder can have, when ele-
vated to 45 degrees, cannot be quite equal to 4190

‘ yards,
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~ yards, becaufe we have fuppofed fuch a velocity as. the .
fhot cannot poflibly have, but may continually ap-
proach it.

Now as the greateft range in thefe experiments is 4160
yards, which differing only by 30 yards, the computed
ones evidently prove the accuracy of thefe experiments
and it proves with no lefs certainty, that 9 pounds of
powder communicated the greateft vclocity to the fhot
that it poflibly could receive by any force whatever.

When thus_experiments agree with a theory founded
upon unexceptionable principles, there cannot remain
the leaft doubt of their certainty.

As g feet is nearly 21 diameter of an 18 pounder fhot,
and 9 pounds of powder half the weight of the fhot;
and it is prefumed that pieces, whofe lengths and charges
- are proportional, will have their ranges likewife fo
becaufe their greateft velocities are proportional to the
diameters of the fhot, as we fhall prove in the appen-
dix: we may conclude with fome degree of certainty,
- that if the length of a piece of any caliber be 2 1 diameters
of its thot, and loaded with powder equal to half the
weight of the fhot, it will carry farther than any other
of the fame caliber, either longer or fhorter, loaded with
any charge whatever.

Thus we have at laft determined that important
queftion in artillery fought for ever fince its invention ;
but to be entirely convinced of the truth of our deter-
_ mination, more experiments of this kind fhould be made’
with various calibers 3 but care fhould be taken that they
may not be liable to any exception.

The moft certain way of proceeding, in my opinion,
would be, to caft a gun of any caliber of 22 diameters
- of its fhot long ; to examine whether it is truly bored,
and that she vent comes exaétly out at the bottom of
the bore ; then let it be fired with various charges and
elevations, till there is a fufficient proof of its beft
charge ; this being done, a part of the piece muft be
fawed off the length of its diameter, and the firft trials

repeated

' . -~



v

INTRODUCTION. xv

repeated as before: and when the beft charge and its
range are afcertained, the length of the piece muft be
diminifhed again by the length of the diameter of its
fhot. Thefe trials being continued till the greateft
ranges diminithes, then the beft length and charge will
be afcertained of that caliber ; and thofe of any other
caliber may be found in the fame manner. The only
care to be taken in thefe experiments, is to mix well the .
powder, and to dry itin the fun, that it may have always -
the fame ftrength as nearly as poflible : another caution’
muft be taken, which is, to make thefe experiments in
clear and ferene weather, and of the fame heat, becaufe
the powder will a& more violently in a cold frofty morn-
ing than in hot weather, as we fhall thew.

Though it is proper to know the beft length and
charge of a piece, yet in real fervice their length depends
moftly on the ufe they are made of, according to the
different circumftances : thus fhip guns fhould be fhort
and light, fo as to be eafily houfed and loaded, becaufe
the rammer handle is made of rope ; in long pieces it
muft be bent, which requires great care to ram the
“powder and fhot home; and when this is not done, the
priming fires without the powder, which is always in
cartridges 3 the failors thinking that the thot was difs
charged, load it agaiif, and mifs firing as before. This
has been found fo for three tinles running, and when at
laft the powder in the firft cartridge takes fire, often
Burfts the gun, and deftroys the failors placed near to
ferve it; whereas when the guns are fhort, the rammer
handles may be made of wood in all fmall calibers, and
the fervice become more expeditious. Befides, thips now
come fo near to one another, that the fhots are not re-
quired to go fo far; provided it takes place it is fufficient.

The only ob{':&ion againft light guns is, thatif they
recoil too much, they will be apt to tear their tackle ;
but it has been found by experience, that half the ufual
charge is quite fufficient, and perhaps lefs, If then the
charge is diminifhed, the weight of the gun may lik?-

A wife
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wife be diminifhed, without increafing the recoil. This
fhould however be done with difcretion, and not with-
out proper trials ; for hazards fhould be avoided as much
as poflible.

Field pieces or battalion guns fhould be fhort and
Jight, in order to be able to advance or retreat as faft as
the army ; fuch are thofe we make ufe of at prefent, with
very little alterations in the calibers above a 6 pounder.

Bautering picces, on the contrary, fhould be of a
proper length toenter into the embrafures, that by their
blafts they may not deftroy them too foon, becaufe it
cannot be prevented entirely ; for which reafon the gun-
ners repair them every evening when it is dark.

With regard to garrifon pieces, their length fhould be
fuch as that the fhot may go fartheft, becaufe in a fiege
they will oblige the befiegers to open their trenches at a
greater diftance, which is generally without gun fhot
and in a fort placed near a navigable river, or the fea,
they will reach the fhips, when the fhips cannot reach
the fort. «

For thefe reafons we make in our new conftrutions
the length of light field pieces 14 diameters of their
fhot, the fhip guns 15 of thofe diameters, and the bat-
tering as well as the garrifon pieces 21 ; whereby the
24 pounder for battering becomes g feet 8 inches long,
which is 2 inches more than the ufual length. We
might likewife ufe a 32 pounder, which, according to
our conftruction, page 52, would weigh but 5400, that
is, only 200 more than our prefent brafs 24 pounder.

The intent of the following experiments, which I
made in 1753 with two fmall mortars, was to find the
propereft place of the vent, and the beft figure of the
chambers : their bore was three inches, and 7. 5 longs
one had a cylindric chamber of one inch diameter, and
two long ; the other a concave in the fhape of an egg,
with a fmall cylindric entrance of half an inch diameter,
and the infide terminated by a fharp edge. Both thefe
chambers held an ounce of powder at firft, but widened

by
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by firing fo as to hold an ounce and a quarter after-
Wwards. Each had two vents, one in the middle, and
the other at the bottom 3 I had a fcrew to ftop one when
the other was ufed : the mortars weighed 36 pounds
each, and the fhells 2 pounds 4 ounces at a medium.
We have not marked the angles’of elevations, becaufe
they were unneceflary, only fo far as that they were the
fame, when the lower-and upper vents were compared.

Pdr. IVent Cylind. | Concave

: Loaded with the com-

) 630 750 {mon fhooting powder.
= 630 730 | Weather cool in the
S;" 600 686 |morning, and fultry
5 550 722 |afterwards.

0 l s6o

g |

Q15| 8¢

§l&| oo

2 800 | 889 |With common ordnance

a g;6 875 |powder. Weather warm

= 64 877 and windy. )
= 1100 1194
g 1023 1088 | With the beft ordnam
o132 | 1003 1121 |powder. Weather w
218 1020 1122 |and windy. ,
§ 1020 ‘| 1200

Ranges in{Ranges in
Yards. | Yards.

S

Colonel Defaguliers and myfelf made feveral othet

experiments, together with a mortar of the fame fize

" that had feveral fhifting chambers. The fubftance of
what was moft remarkable in them are as follows:

"A narrow cylindric chamber of about four inches
long holding 12 grains 6f powder, being loaded with
6 grains by means of a thin cartridge: when the powder
was placed clofe'to the-fhell, fo s the Jower part of the

Lo c , chamber
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chamber was empty, and fired by means of a quick
match introduced through the vent; and after this, it
‘was loaded again with the fame charge placed at the
bottom of the chamber, and the empty fpace between
the fhell and the powder ; the fhell went near twice the
diftance in the firft experiment that it did in the fecond,
and when the powder was placed in the middle of the
¢hamber at an equal diftance from the bottom and the
thell, the diftance or range was a2 mean between the two
former. Thefe experiments were frequently repeated,
and the ranges in the firft cafe were always nearly double
thofe in the fecond. From what caufe it may proceed
that the fame quantity of powder, placed in the fame
fpace, fhould produce fuch various effeéts, is not in my
power to conjecture.

The fame mortar being loaded with the fame.quantity
of loofe powder, I put a little piece of writing paper
upon it, by which the fhell went much farther than
when loaded with the fame quantity of powder withous

aper. v

pTchrec cylindric fhifting chambers of different lengths
holding the fame quantity of powder, produced the .
fame range when full ; but when they were mot quite
filled, the longeft produced the greateft range. ,

Two chambers in the form of a fruftum of a cone,
the largeft.bafe was at the bottom in one, and the fmalleft
of the other; the fisft carried the fhell farther than the -
fecond.

The colonel tried two experiments more; the one
betwecn grained and mealed powder; and they were
both found to be of an equal ftrength : and the other
he put & (mall phial filled with water into the chamber
amongf¥ the powder, and found its ftrength confiderably
increaied 3 that is, the fhell went farther with the water
than without it.  The colonel tried likewife a cylindric
chamber of about four inches long, with four vents,
oue at the bottom, one at the upper endy and two cix:



INTRODUCTION: xix
the middle, all four at an equal diftance from each other,
fo that when one was ufed, the others were ftopped by
fcrews ; and he found that the lowefl carried the fhell
fartheft, and the ranges of the others diminifhed in pro-
portion as they were diftant from the bottom,

Many ufeful obfervations may be made on thefe ex-
periments.  Firft, that the vent placed near the bottom
of the chamber is more advantageous than any where
elfe ; though this has been found fo in mortars, we are
not certain that it is the fame in guns, which fhould
therefore be tried ; and if it be found the fame, the
query is, whether the bottom of the bore thould not be
flat, inftead of roundifh, as is the cuftom, or to pierce
the vent from the breech moulding, as colonel #eideman
did, or elfe as the French do in fome of their mortars,
with a fmall cup at the end of the chamber to receive
the vent. From hence it appears how inaccurate expe-
riments have hitherto been made, and how neceffary. it
-is to make new with all the neceffary precautions, in-
order to improve artillery, and to bring it to perfection.

Before thefe experiments were made, it was imagined,
that when the vent is in the middle of the chamber the
range would be the greateft, becaufe if a tube filled
with powder was lighted in the middle, the powder
. would be burnt in half the time it would if lighted at
one end, and it was fuppofed that.the greater quantity
burnt before the fhot was fenfibly moved from its place,
the greater force it would receive ; but notwithftanding
this plaufible reafon, experiments have evinced the con-
trary. o
. Ty he next obfervation to be made is, that the concave

chamber is preferable to the cylindric, and this to any
other ; which has not hitherto been confidered : the
Spaniards make theirs fpheric, the French in the fthape of
a pear ; and we conical. . The various opinions authors
and artillerits have concerning the figure of chambers
are very extraordinary. The chevalier Belidor efteems the

conical the beft ; but his reafoning concerning the pro-
c2 . perties
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erties of different chambers in page xxiv. of his Bont-
,]b)ardier Frangois, are fo very weak and inconfiftent, that
it is needlefs to anfwer them : how fo great a man as he
‘s in all other refpets could defcend to fuch vulgar
errors is inconceivable. ' g
Mr. Robins, in page 41, old edit, pretends, that the
figure of a chamber has no effe€t upon the action of
" powder, without fhewing the leaft reafon for his affer-
tion. Count Bukeburg will have a parabolic form, ima-
gining, that if the fire was introduced to the focus, the
rays of lighted powder would, by the nature of the
figure, reflett into parallel direction in the fame manner
as the rays of light: fuppofing this'was true, the fhell
would not receive a greater force by it, becaufe a flurd
a&s always in a perpendicular direétion to the fprface it
ftrikes; thus in a globe the directions of the fluid tend
all to the center, as we fhall prove in the fifth.theoreny ;
and when all the forces are reduced to the dire&tion of

- the fhell, it is that force reunited into one dire&ion that
produces the real effect, and not the partial ones. This
not only refutes what his lordfhip faid, but likewife Be-
lidor and Robins, as having all fplit upon the fame rock.
It is not the inward figure of the chamber, but its
entrance, which produces the effect ; becaufe the fmaller
it is, the nearer it reduces the effe& into the dire@ion of
the fhell. ‘This is likewife proved by the practice of
making fky-rockets, which being choaked at the end,
" by which it confines the force of explofion into a narrow
ftream, and increafes its vielence fo as to make the
rockets rife fo high as they do; whereas if the opening
" was not confined, they would fcarcely rife at all. The
notion that a eoncave chamber with a narrow neck
- fhakes the mortar violently without increafing the fonce
of explofion, or the range, is fo inconfiftent with the

- laws of motion, that it merits -not the leaft attention.

It is the general opinion of the artillery officers, that
" a mortar or gun carries farther when it is warm by much
- firing than when cold, or in the heat of the day than )::
. . the
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the morning. ‘The conftant practice by fea and land is,
thac when the guns are much heated to diminifh their
<harges, fronr the notion that they carry them much’
farther ; which is a miftake. For when guns are
much heated, they are liable to te fpeiled; and itis’
prudent to leﬁE:n their charges in that cafe. For it ap-
pears from my firlt four experiments made jn the cool
of the mo.rmng, that the ranges were greater than thofe
when the weather grew warm. The chevalier ‘Belidor
~made feveral experiments for that purpofe, which I have
feen, and which are mentioned in general only in his
Bombardier, page xxxviii; but the particulars are as
follaws : feveral mortars were fired in the cool of the
morning ; the fame trials were repeated in the middle of
the day when it was very hot, and the ranges in the
morning were always greater than thofe in the heat of
the day : but as this was not fufficiently fatisfactory, the
chamber of a mortar was heated with lighted charcoals
ds hot as could be without endangering the powder from
taking fire; the range in this ftate of heat was much
“dhorter than when the mortar was quite cold. It is true
that heat will dry the powder, and gives it a greater
force, if it remains a certain time in the chambcr, which
is not the cafe in brifk firing ; and dried powder is better
than when it is damp; yet the elaflicity of the air is
auch increafed by cold, and relaxed by heat; T mean
from the ftate of the atmofpherc
Having faid every thing neceffary in refpeét to the
length of guns, we are now to confider their thicknefs
“or ftrength of their feveral parts, which fhould be pro-
portional to the efforts of fired powder ; but its abiujute
force cannot be determined ctherwife than by experi-
.ments. The weight of the guns depends on the charge
of powder, and on their length ; and though the charge -
has been leflened from that given formerly, yet the
thicknefs of metal remains in general the fame ; nor
;have the expcnmcm:s with light guns mentioned before,
, c3 prcvaucd
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prevailed as yet in diminithing the weights of larger
calibers.
I had two brafs 12 pounders caft for admiral Keppe/,
according to the conftruétion in page 54 ; they weighed
“13:1: 0, which ftood the full ordnange proog' ; the old
weigh 29 : 1 : 0. , ’
1 had alfo feveral eighteen brafs pounders caft for the
India company ; fome of them were lately proved at
Woolwich with fifteen pounds of powder, though the
charge in fervice fhould not exceed fix pounds: they
weigh 2400, and are g feet long: a 24 pounder would
in the fame proportion weigh 3200, and their length
g feet 8 inches. I look upon this proportion to be fuf-
ficiently ftrong for brafs battering pieces, though much
lighter than thé prefent; even a 32 pounder of that
length would weigh only 4200, and in my opinion make
better battering pieces; becaufe the largeft fhot makes
a breach fooner than a fmaller, and the ancients made
ufe of 48 pounders for that purpofe ; but on account of
their unweildinefs they were reduced to 24 pounders,
not that they were better, but more mahageable. That
thefe guns are fufficiently ftrong appears not only from
their proof, nor that they weigh twice as much as thofe
of the light nature, "but likewife from fome old 32 iron
pounders caft in king Charles the fecond’s time ; fome
of them remain ferviceable to this day, and they weighed-
4200 only, :
~ The firft caft guns were made of what is called gun
metal,” and this metal continued for a great while before
caft iron was ufed; but in time, as artillery became more
in ufe, the number of cannon became very great, and
to leffen the expence iron guns were invented ; but the
opinion of their being liable to burft when much heated
by firing, was the caufe of making them heavier than
the brafs ; and as fome did burft in effe@, either through
-wrong management, or the unfkilfulnefs of fome foun-
~ ders, this notion has prevented the more general ufe
“that might be made of them to this day. But for w?a: '
C e TR AT S - reafon
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reafon we make them much heavier now than in king
Charles’s time cannot be accounted for ; for the prefent
32 and 42 pounders weigh 54 and 55 or 56 hundreds ;
whereas they weighed formerly only 4200 and s5200.
This cannot be owing to better ore, or to more fkilful
founders ; becaufe I have fecn iron caft by the Carren
company that could not be broke by any means, but
would flatten and tear like brafs. I had ewo iron three
pounders caft by that company for lord Egmont that
weighed 3 : 3 : 0 each, which ftood the full ordnance
proof with three pounds of powder ; whereas their charge
in fervice fhould never be more than one fourth, or at
moft one third of that quantity. I had fince two fix
and two twelve pounders caft by the fame company for
the Portuguefe fervice ; the firft weighing 7 : 3 : 0, and
the others 15 : 2 : 0; and though they are not yet proved,
I will anfwer for their ftrength. The old 6 pounders
weigh 17 : 1 : 0, and the 12 pounders 32 : 2 : o.

That iron pieces are preferable to brafs evidently ap-
pears from the experience we had in the laft war; for
at Bellesfle the brafs guns were foon rendered ufelefs, and
iron fhip guns were 'ufed to -finith the fiege. ‘I have
been affured by feveral artillery officers, that in all the
fieges we made in the laft war, they were obliged to ufe
iron guns, becaufe the brafs did never ftand great firing,
though they weigh 400 more than the iron.

This is eafily accounted for, becaufe gun metal is a
compofition of copper and tin; the copper requires a
red heat to melt, and tin only a common fire; fo that
when the gun is heated by much firing, the tin melts,
and the copper alone remains to fupport the force of”
explofion ; by which the muzzle droops, and the vent
widens fometimes to thac degree, as a man’s fift may go
init, To make the vent more durable they put in a
piece of copper to grain it, as it is called. This grain
is fixed into the mould before the melted metal is let in
to make them unite together ; but as copper is fofter
than gun metal, inftead of making the vent more

— c4 durable,
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durablc, as jtis xmagmed, it rathcr weakens it in my
opinion. If a fteel grain was put in, provndcd it cap’
be united with the metal, there is no doubt but it would
be better than any otbcr metal; for it has been found.
by experience, that 3 new vent of iron being made, it, -
was {carcely ever fpoiled afterwards, The French had,
a gun with ap iron vent at Belleiffe, which was found
after the fiege to be the only one that ftoud out the fiege
without being fpoiled. To make a compofition of gun
metal of a durablc fubftance, the ingredients fhouid be
fuch as require the fame degree of heat to mejt; but no
fuch metals have gs yet been difcovered. It is true,
that fome’ Saxons pretend to have that fecret but as
they have not yet made any guns of it; no dcpendancc
can be made on it,

" As good iron caft, from virgin ore has all the qualxty
that can be defired in. gun metal, and not one burft all
this war that I heard of, what occaﬁon is there for any
other ? and there is fuch a plenty of it every: where,
efpecially in England, and the founders are fp expert in
their bufinefs at prefent, that they can make it more or
lefs malleable, as they pleafe ; befides, the expence is fo
much lefs, as g or 10 to one; which one would think
Thould be a fufficient motive to ufe no other. Although

the artillery officers agree, that iron battering pieces are
- preferable to brafs, yet to make field pieces of iron they
ﬁy no means approve of, becaufe they fay it would be
too dangerous to ftand by them in time of ation; but
what fhould prevent a proper trial to be made? And if
it does not fucceed, the expence would be inconfider-
ablc ; and if it does, as ] do not doubrt it will, what a
Prodlgnous expence would be faved.

I would advile to have two fix pounders ca& of the
fame weloht as the brafs, and proved in the fame man-
ner; then fire them three hundred rounds as qmck as
they can, with a pound and a quarter of powder, in the
fame manner as- the brafs were tried ; and if they ftand
fucha mal let the officers then Judoc whether there cabn

) e

woo
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bt any danger in ufing themh. We are not to judge
rafhly in a matter of fo great importance as this, with-
out a full and fufficient proof. It is not the opinion of
a few,perfons we are to judge by, but by matter of fact.
I may poffibly be miftaken, though I think to have
fufficient proofs of what I affert; and theretore recom-
mend proper trials to be abfolutely certain. ‘

As we propofe chambers to be made in all calibers
from an 18 pounder upwards, it will not be improper
to fhew here their advantage, firt from experiments,
and afterwards from theory. General Williamfon and
the reft of the artillery officers made likewife feveral
éxperiments with’ thells from a bomb veffel in the har-
Bour of Mabon in 1746, Of which I fhall only infert
the range of the fifth, which was 4570 yards ; the mortar’
was loaded with 35 b and 10,0unces, the fthell weighed
two hundred of 224 pounds, and the angle of elevation
.45 degrees ; and the range of the feventeenth experi-

ment with a ten inch mortar was 3787 yards ; ‘the fhell:
weighed 97 1b. and the mortar loaded with 12 pounds
of powder. Now the charge of the firft mortar being
about 5.6 parts of the weight of the fhell, produced a
greater range than the 18 pounder gun loaded with half
the weight of the fhot; the fccond mortar was loaded-
with no more than an eighth part of the fhell’s weight,
and yet its range differed but 373 yards from that of
the gun. This great difference between the forces of
powder, when it was confined in a chamber, and in a
gun without a chamber, can arife from no other caufe,
than that the dire@ion of its force is nearer to that of
the fhell than it is to that of the fhot. It is true, that
the refiftance of the air is lefs on the fhell than on the
fthot ; bur, on the other hand, the bore of the mortar
is fo fhort, and fo wide in comparifon to the width of
the chamber, that the explofion of the powder can only
act upon the fhell before it is fenfibly moved from its
place; inftead of which it acts upon the fhot tll it
leaves the gun. All this being confidered, the advan-

tage
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tage of chambers in gups, as well as in mortars, will -
be found to be very confiderable, -

We fhall prove this likewife by theory hegeafter i
theorem the vth.

Though we have thewn that the theory of powder is
as yet defective in many refpects for want of a fufficient
number of good experiments, thofe which have hitherto
heen made were with too fmall quantities, as can by no’
means be depended upon ; fince the fmalleft error in a
few grains becomes very confiderable in the charges of
" artillery pieces; neither do we know the time of the
degrees of inflammation. All that can be done, is to,
fuppofe that it fires all at the firft inftant, and proceed
upon this_fuppofition, though erroneous, till fuch time
that the law of inflammation has been difcovered.

Turory of PowDER.
Turorem L

Tbe explq/ion: of fired powder produces a permanent elafic
Suid,” and forms a [phere, if mot prevented by any exter-
nal obfiacle. ,

fired powder. produces an elaftic fluid ; and if it

fired under an exhaufted receiver, the mercurial gage

defcends ; and though it rifes again when the heat is-

abated, yet it remains always below its common ftan-

dard ; which plainly fhews, that the fluid produced by
fired powder is elaftic and permanent.

Again, if a fmall quantity of powder be fired on a
table, its flame rifes in the form of afemi-fphere; and
in whatever veflel powder is confined, the explofion will
_always burft it in the weakeft part, if the elaftic forge

« - B ’ e

é\UTHO_RS agree, and experience fhews, that
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* be fufficient. Confequently fired powder acts on every
fide alike ; which could nct happen, unlefs the explofion
was fpherical, ’

.

ReEMarK,

Though authors agree, that powder produces an elaftic
fluid when fired, yet they differ in the manner of it.

Moft of them are of opinion, that powder is only con-
" denfed air, which being heated by, the explofion, .as
well as the natural air contained between the interftices
- of the grains, produces this elaftic fluid. Others affirm,
that the air contained in powder exifts in its natural ftate ;
which being heated expands itfelf, and produces the
explofion. But this is contradicted by the above-cited
experiment : for when the heat in the receiver is abated,
the mercurial gage fhould, according to this fuppofition,
rife again to the fame height as it was before; which is
contrary to experience. :

Sir Ifaac Newton fays, in his Optics, Query 10, that
if falt of tartar be mixed with powder, and that mixture
be heated till it takes fire, the explofion will be more
violent and quick than that of powder alone; which
can proceed from no other caufe, than the action of the
~ vapour of the powder upon the falt of tartar, whereby
that falt is rarefied 3 and therefore the explofion of pow-
der arifes from the violent action, whereby all the mix-
ture being quickly and vehemently heated, is rarefied
_and converted into fume and vapoug ; which vapour, by

the violence of that attion becoming fo hot as to thine,
appears in the form of flame. Thus far Sir Ifasc Newton.

But whether the elaftic force of powder be owing to
the expanfion of air, or to fome other fluid produced by
- the ingredients of which it is made, is not material in
refpect to what follows ; it being fufficient for our pur~
pofe, that the force produced thereby aé&s chiefly accord-
ing ta the {fame law as all other elaftic fluids; which it
will be proved to do by experiments hereafter.
T /THEOREM
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Turorem Il

he denfities of the fame quantity of an elafic fluid, con-
tained in different capacities,” are as thefe capacities in-
verfely.

*" For the fame quantity of matter being reduced to half
the bulk, will have its parts twice nearer each other;
if it be reduced to one third or one fourth of the bulk,
the parts will be three or four times clofer to each other ;
and whatever the bulk is reduced to, the parts will
always be clofer to each other in the fame proportion.
And fince the denfity of matter confifts in the clofenefs
of the parts, it is evident that the denfity increafes as
the bulks diminith ; confequently, the denfities of the
fame quantity of an elaftic fluid, contained in different
capacities, are as thele capacities inverfely. ‘

Cor. L
Hence it follows, that the denfities of different quan-
tities of the fame elaftic fluid, contained in the fame or "
equal capacities, are as thefe quantities. For if twice
the quantity be contained in the fame capacity, the den-
fity will be double ; if three or four times the quantity
be contained in the fame capacity, the denfity will be
triple or quadruple ; and therefore, in general, whatever
~ the ratio 1s bztween the quantities contained in the fame

or e?ual capacities, that of the denfities will always be
the fame. :

Cor. 1L

Hence the denfities of different quantities of the fame
elaftic fluid, contained in different capacities, are as the
quantities direétly, and the capacities inverlely. For
becaufe the denfities of the fame quantity of an eéaf%c
’ uid,
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fluid, contained in different capacities, are as thefe capa-
cities inverfely, by Theorem II. and the denfities of
different quantities of the fame fluid, contained in the
fame or equal capacities, are as thefe quantities directly
by Cor. L it is evident, that if the quantities are dif-
ferent, as well as the capacities, the denfities will be as
the quantities diretly, and the capacities inverfely.

‘ Tvi«lE‘OREM III.

- The intenfity of beat produced by the explefion of fired poip-
: der, will be as the denfity of tbe fluid.

~ For the heats of the fame quantity of powder, fired

in different capacities, will be as thefe capacities in-
verfely ; and the heats of different quaatities, fired in
the fame or equal capacities, are as thefe quantities di-
re@tly. Therefore the intenfity ‘of heat produced by
different quantities of fired powder in different capacities,
is as the quantities directly, and the capacities inverfely 3
or as the denfities by the laft Corollary.

THeorREM IV,

- The elafiic force produced by an explcyién of fired powder, is
in the compound ratio of the denfity of the fluid, and the
intenfity of beat. ‘ :

For the elaftic force of condenfed air is as the force
of compreffion, and the force of comprefiion is as the
denfity ; and fince the elaftic force is alfo increafed by
. heat, it is manifeft, that the elaftic force is in the com-
pound ratio of the denfity of the fluid, and the intenfity
of heat, ‘

This may likewife be proved as follows : fince every
. particle of the fluid has the fame degree of heat, and
- the total force of the explofion is equal to the fum of
. the forces of ali the pargs; the elaflic force of the £x-

. plofion
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plofion is therefore in the compound ratio of the heat of
one particle, and the fum of all the particles, or, which
is the fame, the denfity of the fluid, Confequently the
elaftic forcé, produced by the explofion of fired powder,
is in the compound ratio of the denfity of the fluid, and
the intenfity of heat.

RerMark.

Mr. Robins fuppofes the elaftic force, produced by the
explofion of fired powder, to be as the denfity of the
fluid, which is the cafe of condenfed air void of heat ;
and therefore he fuppofes the increafe of force, produced
by heat, to be conftant, in his propofition ; but finding
afterwards that the force increafed by hear, he fays, we
have hitherto fuppofed powder, when fired, to be-equally
hot with iron, at the beginning of its white heat; but
we have obferved, that it varies according to the quan-
tity of powder fired together. The flame therefore may
have all the different degrees, from that of a languid
red heat, to the heat fufficient for the vitrification of -
metals ; which agrees exaltly with what has been faid in
the laft Theorem. That heat increafes greatly the elafti-
city of air, is known by heating an empty bottle, well
corked, in boiling water ; for it will either drive the
cork out, or elfe burft the bottle. It is likewife well
known, that the fteam of boiling water produces a great
elaftic force, and perhaps more than fired powder s al-
though cold water feems to be intirely void of elatticity,
* fince it cannot be comprefled by any force we know of.
Hence it feems as if cold water was in its denfeft ftate ;
and it appears very probable, that the denfity of air has
~ its limit, beyond which it never can be reduced.

Cor. L

Since the intenfity of heat is as the denfity of the

fluid, By Theor. IIl. and the elaftic force of fired p(:lw-
. der
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* der is in the compound ratio of the denfity of the fluid,
and the intenfity of heat, the elaftic force of fired pow-
der is therefore in a duplicate ratio of the denfity ; and,
confequently, by Cor. II. of Theor. IL. the elaftic force
of fired powder is in the duplicate ratio of the quantity
of powder directly, and the duplicate ratio of the capa-
cities inverfely. -

Cor. I

- Hence, if the quantities of powder are in the fame
ratio as the capacities in which they are contained, the
forces of explofion will be equal.

For fince thefe forces are in the duplicate ratios of the
quantities of powder directly, and the duplicate ratio
of the capacities inverfely ; the fingle ratios being equal
by fuppofition, the duplicate will likewife be equal.

Cor. NI

By a known property of fluids in general, the pref-
fure againft any furface is in the compound ratio of the.
imprefling force, and the furface prefled ; and fince, of
all equal folids, the fphere has the leaft furface, it is
evident, that of all capacities which contain the fame
quantity of powder, the fpheric is the ftrongeft; ory
which is the fame, is the leaft prefled.

Cor. V.

Hence, the forces againft fpheric fhells, filled with
quantities of powder proportional to their capacitiesy
are to each other as the fquares of their radii; for the
forces of explofion being equal by Cor, II. the forces
againft thefe fhells will be as the furfaces prefled 5 and
they being as the fquares of the radii, the forces imi-
~ prefled will be in the fame ratio of the fquares of the

radii; Confequently, if the thicknefs of fhells are pro-
' poitional
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partipnal; tagtheir, radii they.: will be equally ftrong,
%‘:%:p Jghsis ;;tbiqkpgfsjwi& hesvo each: c_;thcr as the fquares
of the radii, .and cosfequestly as the impreffing forces.
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f,;,f,x;s‘ lfo mapifeft, that the forces -againft the concave
part; of the . cyhndric fucfaces, filled with proportionable
quantities of powder, are as.thefe furfaces : for the
torces of eyplofion are equal in this cafe, by Cor. 1I.
.and therefore the imprefing forces are as- the furfaces
prefled. . Now becgufe gylindric furfaces are in the com-
pound ratio of thejr rudii. and their axes; if the axes
are equal,. the forces arg as their radii; if the radii are
equal, as theig axes; and if-they are fimilar, as the
~ fquares of .the.radii or axes,..

REMaRK,
; Whm pieces of artillery are loaded with charges pro-
- portional to the weights of their fhots, the axes of the
chal{%};:,spa_qq.‘ proportional to their radii; and as they are
- equally_prefled by the elaftic force of powder, as far as
.the charge reaches; their outward furface fhould be fo
far parallel to their inger one;-and the thicknefs of the
‘metal made proportional to. the radii of théir bafes ; or
- becaufe’ the diameters of the bores are proportional to
't‘_(;:mdj.ggx;gtqg . of  the fhots, and from thence to the
puth, ; the eutward figure fhould be that defcribed by
:ge fQtation of a cubic hyperbola about one of its affym-
totes, which is placed in the axis of. the. bore : this ap-
pears from what has been faid in Cor. L after Theor. 1V.
&é&ﬁfﬁwfc. of. the. . altion .of the fhot againft the infide -
of the piece, the thicknefs of metal- muft be fomewhat
more towards the muzzle than what this figure makes
it .
. Before the foregoing Theory can be applied to any
" pagisleexample, it is peceffary to find the ratio be-
’ 5 tween
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tween the preffure of the atmofphere and the elaftic
force of powder, which is very difficult, becaufe authors
difagree very much in their experiments on that head.
For Mr. Robins fays, that the air contained in powder
is but 244 times denfer than that we breathe ; and thag
its elafticity cannot be increafed above five times by the
heat of the explofion; and from thence he concludes,
that the elaftic force of fired powder is about 1000 times
greater than the preflure of the atmofphere. The late
Mr. Haukfbee aflured me, that he found, by feveral ex--
riments, the flame of powder to occupy about 5000
times the fpace of the powder unfired. Mr. Belidor fays,
that, by fome experimerits he made, he found that fpace
to be about 4000 times increafed, and that the fame
thing had been found by Mr. Amontow. Mr. Bigot de
Morogues fays, in page 65, that he found that fpace to
be from 4 to 4500 times; and laftly, Damiel Bernoullie
-found it to be from 4 to 6000 *,
- Itis certain that thefe experiments are attended with
great difficulties, on account of the quicknefs with which
the powder fires, and the flame difappears. Another
difficulty arifes from the inequality of the preflure of the
atmofphere, as well as from the different ftrength of
powder ; and therefore it is impoffible to arrive at an
tolerable degree of exatnefs, notwithftanding all the
precautions that can poffibly be taken in making the ex-
riments : fo all that can be expected will be to take
uch a number as agrees neareft with the experiments
made on the velocities of fhots, which is that of Mr.
Relidor’s, as being a mean between the greateft and leaft
of thefe feveral experiments, '

* Mr. Byl fays, that the greateft denfity of air is to the greateft
jafefaction, as unity to 520,000, '

G qd THEOREM
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THeoREM V,

The force of an elafiic fluid
againft any part of a
Spberic furfact defersbed
" by the.arc DM abeut the
radius CD as an axis, y
perpendicular to the dia- A P C B
meoter A B, is tothe abfo-

= lute force, as the folid defcribed by the Jegment PMDC
terminated fy the fine P M of that arc, is to the cylinder of
the fome bafe and altsinde ; and the force againft the
[femi-fpbere is-to the total force, as the fmx-fpbere to the
arcumfmbed ¢ylinder,

: Draw the radius C M ; then, by the nature of fluids,
the furface is prefled in a direction perpendicular to every
point ;- whence the abfolute ferce in the diretion CM
15 to the force impreffed at the point M, in the direction
PM, as CMisto CP; and as this happens in refpect
to eveny point in the arc M D, the force imprefled on
the arc M D, will be to the abfolute force as the area
PMDC is to the reftangle made by CP and CD :
confequently the force againft the furface defcribed by
the arc M D about the axis C D, is to the abfolute force
as the folid defcribed by the fegment PM DC in that
rotation to the cylinder, defcribed by the rectangle P C
and CD; and the force againft the femi-fphere is to the
abfolute forcc, as the femx fpehre is to its circumfcribed:
cylinder, -

Mr. Robins and Mr. Mor ogues have fuppofed, that
the force againft the femi-fphere was equal to that againft
the circle A B of the bafe : but they did not’ confider,
that the directions of the forces againft the different parts
of the fphere were oblique to ‘the direction CD, in
which the fphere is fuppofed to move ; and therefore
the total forxe muft be lets than the abfolute force. Thi '

‘ is
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This Theorem agrees exactly with Sir Ifaac Newton’s
prop. 35, book ii.

COR I
)

Since the fphere is the two thirds of its cxrcumfcnbed
cylinder, it follows that the ball is aéted upon. by the
two thirds of the abfolute force of the powder, =

EXAMPLE 1.

If we fuppofc C P to be a third part of the radnus
C A, it will be found by geometry that the cylinder,
whofe radius of the bafe is CP, and altitude € Dy is to
. the folid defcribed by the fpace € P M D about the axis
.CD; ar the toral force of the powder is to that part
which adts upen the furface defcribed by the arc M D,
as goo to 875 : and fince the femi-fphere is acted upon
by the two thirds of the total force of the powder, and
if the quantity be the fame in both caufes, the force of
explofion upon the fphere will be to the part which acts
upon the furface defcribed by M D, as 600 to 875 3
which fhews that the force againft the furface is only 25
parts lefs than the abfolute force goo : whereas the force
againft the femitfphere is but 600, the two thirds of the
abfolute force goo. f

Examrre H.

~ If CP be one half of the radius C A, then it wilt
be found in the fame manner as before, that the cir-
cumfcribed cylinder is to the folid defcrited by the fpace
. CPMDj; or the total force of the powder is to the
part aéhno upon the furface deferibed by the are M Dy
as goo tu 8413 and the force actting uvon the fphere
aéhno upon this folid, as 6o to 84:

“d 2 Cok
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“Flencs# 1§ manifelt that chambers, whofe diameterd
are-but oane third. of the diameter of the bore, are more
advantageous thin thofe whofe dianteters are one half;
as they are made .at prefent-in oor mortars 5 and if chey
were il Jefsthey. would be better ; which however may
bave its limits. .. This agrees exactly with feveral expe-
riments made for that pyrpofe :- for Mr. Hawkfbee tried
feveral times. a little mortar, ‘which had three fhifting.
¢hambers of the fame capacity, and always found that
\ ;ha.d&ambcxs -which--were--narroweft carried the fhell
fargheft., - . : o
. -As the frft. part of artillery was printed before the
18 brafs pounders-have been proved; and the general
conftruction of thefe pieces appears to be. properly adapted
tobsafs-guns for.the land fervice, I fhall infert ic here,
in orderto fhew how much the:metal might be dimi-
- nifheder ol oL - :
T IR DLl Ll T '

General confirusdion of brafs-camon for the land fervice:

ooneid ol el

—Let t ath-A B;-fee plate I, be 21 diameters of,
fo ot e Bicknel of the metal ac ehe brecch and
kent 18.5 parts, and:.at the, mouth g ;3 the reft of the
fon'ﬁru‘étxon ay be thé fame as that given in page 46

i
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Weight.
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h’exgbt and dmm,r/' ons of brafs guns for land fervice,

It maft be - cbferved; [Cam.|- Tengfi - et |
that we made th':.‘lcngths*-—m'i ngﬂ Lafdranoud
of the 24, 32, and 22| ‘6 | 6 a1 " ?8 '*ou 4
pounders  the fame, bew:|ifmr s '
ing fufficient for batter-{v.g'| " 7:0 d d 6|
~ing pleces, and reduces {imfuoin, =
the weight of the ewojp'ra'| % {8 '1'6 -.-.ot"'8
laft conﬁdcrably 3 that|——ia SERE F W 1 oS |
thefe pieces are fufficiently’| 18: o : o 24 o: 2
ftrong appears from  the |~ fae s -
oldiron 32 and 42 poun- | 24 | 9: 8 32 o : i6
ders caft in king Charleg |-—ii—cin

the fecond’s time, which | 32 "1-9 :'8' 42:0: 20
weighed no more.: Bat it} Lt

muft be rememberedy that | 46| 9 1 78 52 O vy
the charges of thefe pisces:” DA ETEN O

fhould never exceed one third of tbexr fhot’s we;ght;
becaufe that charge has been found fuﬂicncnt by expe-

riments‘in all battering, picses, -
We have inferted this table

v

Iron erld Pleccs.

of the dimenfions of iron field
pieces, in order to-thew How

they may be conftruéted, in-|"
cafe’ it fhould be thought' i

proper to make trial of their
ftrength. Their length is
14 diameters of the thot, the

thicknefs of metal at the |

breech and vent 18 parts,
and g at the mouth ; the reft

of the conﬂ:ru&non is the
fame as that of the light

brafs field pisces.
The proof of thefe pieces

g;:}upwjgpg;nj. . »\Veng‘b\f
| o dlaie
6 ; 4”‘:' 1]14:2:0
9 4 : 8 ’6 :13:0
12| 5: 1/9:0:0
18 5:1013:2:o‘
24| 6 15 [13:2 : 0i

thauld be made with one half of the fhot’s weight of

pow dcr,
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powder, -and their charge in fervice one fourth, which s
the fame as thofe of brafs. . ' :

~ If thefe pieces are caft from good virgin ore by 2
fkitful founder, fuch as the Carron company, and fome
others, without mixing any pig iron, there cannot be
" the lealt doubt but they will be as ufeful, and laft longer
than the light brafs ; becanfe their vents fearcely ever
fpoil, and the pieces never bend at the neck.

The reader may perhaps be glad to know the greateft
velocities that fhot can have, and their greateft ranges,
which often have been fought for by moft artillerifts,
‘but- they could never agree-; for which reafon we fhall
infert them in the following table.

. The firft column contains | Shot [ Velocities. | Ranges.
the weight of the fhot, the :
fecond the number of feet 3| 615.7 | 2326

moved. over uniformly, in
:a fecond by the greateft ve- 6| 691.3 | 2932 |
‘locity 3 and the third the ,
greateft random ranges which 9 |739.0 | 3352

thefe thots can poflibly have,

let the charges be ever fo | 12 | 775.3 | 36887}

grear.
- This fhews that fmall ca- 18 | 826.5 | 4191
libers can never go fo far as b
_greater, and contradi&s the | 24 | 866.8 | 4610 |
common practice of making {

fmall calibers longer in pro- | 32 | 912.9 | 5113°]
portion, in order to go far-
ther. . 42 | 955.5 | 5602 |

. Aten inch thell may go ‘ A
" to 5384 yards at an eleva- 48 [ 976.4 | 5849
tion of 45 degrees, and a

thirteen to 7041 yards at'the fame degree of elevation 3

which is prards of four miles. Again, the greateft
velocity al leaden bylletiof three quarters of an inch-

Cizmeter can_poffibly have, is ar the rate of 395 feet

fzcond, when uniformly continued.

b Fhe

4
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. The demontftration of thefe velocities and ranges is
given in the appendix. Mor. Rebins thinks to prove, in
his feventh problem, that the velocity of the toregoing
{eaden bullet is 1668 feet in a fecond,” which is more
than four times greater than that above; and what is
more extraordinary, he pretends to have found the fame
velocity by experiments. As he feems to build his

_theory upon Sir Ifaac Newton's principles, had he read
the 4oth propofition, book ii. he muit have been con-
vinced of his miftake ; and from over.rating the velo-
cities, the refiftance of bodies moving in the air is,
according to his computation, above twenty-four times
foq great in a 24 pounder,

Height. Diftance, Height, Diitance,
Yds.'Yards Miles Yds| Yards) Mile
1| 3736 2. 12 26 |19048[10. 82
2 | 5278| 3.00 27 [19410/11. 03
3 | 6470 3.67 28 |19767[11. 23
4| 7470| 4. 24 29 {20107[11. 42
s | 8353 4.74 30 [20460(11. 62
6 | 9150| 5.20 31 |zo08c0|11. 82
71 9863| 5. 60 2 |z1133f12. 0O
8 |10566] 6. 00| 33 {21450/12. 20
9 |11206| 6. 36 34 |21780]12. 38
10 {11800] 6. 0 36 [22100/12: 55
11 |12390] 7. 04 36 |22413112, 73
12 [12940| 7. 3% 37 |2272012. 91
13 [13468] 7. 65 38 12895‘42. 971
. 14 |13977| 7- 94 39 {73329l13. 29
15 |14468] 8. 22 40 |23631{13. 40
16 [14942| 8. 49 41 |2391913. 59
17 |15402{ 8. 75 2 |24209|13. 7§
18 15850 g.no 43 {24500i13. 92
19 [16283] 9. 25 44 |24780l14. o8
20 [1670% 9. 49 4§ [250°9{144 24
21 |17118) 9. 72 46 2533514, 40]
22 [17521] 9. 9§ 47 |25610/14. 55
23 |17915]10. 18 48 |25880j14. 10
24 |18300|10. 40 49 |2614814. 85
25 |1867&|10. 61 50 [26414(15. OO

As
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As the diftance a fhip may be feen at fea is eftcemed
ufeful, we have given them from one yard high to 50,
from the furface of the fea, .and the refpe&ive diftances
in yards-and miles : they are deduced from the round-
nefs of the feas furface, according to the prob. in art. 41 Iy
of our trearife of mathematics: the mean diameter of the
earth being 6548856 Fremeh rtaifes, according to our
determination ; which beiug reduced into Englifp yards,
gives 7.1447018 for its logarithm ; to which adding
continually the logarithm of the height, gives the loga-
rithm of the {quare of the diftances in yards; and the
diftances in yards being divided by 1760, the number of
yards in a mile, gives the number of miles which thefe
diltances contain.

The navigator may always know the height he is from
the furface of the fea, when he obferves the hull of
another fhip, at the water edge, then he has the diftance
marked in the table againft the height from which he
obferves ; but if any part of the thip he obferves is hid
by the furface of the water, he muft give a guefs how
high the part hid is ; then if he adds the diftance againft
that height exprefled in yards, to that againft the height
he fees, the fame will be the true diftance to the fhip.

Exampre. Suppofe he obferves a fhip from a height
of 15 yards, and the part of the fhip hid/is 5 yards;
then the diftance 6470 againft 5 yards, added to the
diftance 14468 againft 15 yards, gives 20938 yards or
12 miles nearly for the diftance required.

We have not confidered the refraction of the air, by
which the fhip may be feen a little farther than what ig
marked in the table. But if the fhip is within the hori-
zon, and the height of the part feen between the furface
of the water and the horizontal line, then the diftance
anfwering to this height, fubtrated from the firft, giveg
that betweea the two thips. —

ARTILLERY,



‘ ~ - -,",41 s
BUL D
. L E
pvs———
By P . BAGESEE A
= - 1 " e
.

ARTILLERY.

t . .- .-

PART I

WetcutTs and MEASURES:

| O proceed with order in the ehfuing worky"
it is proper to mention:the neceflary weights
and meafures ufed in Artillery, for the better
undcrﬁandmg the ufe and conﬁruéhon of the
. tables. .

An inch is the leaft common moafure, 12 mcheS‘
make a foot, 3 feet a yard, a poleis 16.5. feet, a furleng:
40 yards, and a mile 1760 yards. Thefe: meafumrc
alfo fub-divided into 10, 100, and 1000 parts. | - v
. Avoirdupois weight is ufed in Artillery, and' irf-al}
- heavy commodities; a drachm is the leaft weight, 16
of which make an ounce, 16 oynces a pound, 14 paunds:
a ftone, 112 pounds a: hundred wcgght, 20 hundrcds h
ton,

As Prench wexghts and mcafwcs, are. :propcs 110 ben
underftood in Artillery, we fhall give the proportion
between ours and theirs, The gentlemen of the Royal
Society in Londsn, in conjunétion with thofe of the Royal
Academy of Sciences at Paris, are faid to have, with

“ great
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great accuracy, compared our weights and meafures wnh
thofe of France; the refult of which i is,

. The Englifb foot to the French royal, as 107 to 114. -
‘The Englih pound avoirdupois to the Iremch pound
marc, as 63 to 68. Whence 100 French pounds make
very near 108 ; and therefore their hundred-weight is to
ours, as 108 to 112 ; that ls, as 27 to 28, according

"to this proportion.

The proportion of the French and Englifh foot s nearly
exalt ; for I tried two French feCtors, the one made by

-be Masre feemed to be exaltly divided, and I found that
three French inches make 3.2 of ours ; fo that the French
foot is to ours as 32 to 30, which is near 114 to 107
fince if 114 be multiplied by 15, the product will be
17103 and 107 mukiplied by 16, gives 17123 which
exceeds the former by 2 only.

But the proportion of the French and our weights is

. by no means right, as will appear hereafter, when we

. give tables of fhots. It is hard to judge how fuch a
miftake could happen, unlefs the weights they compared
were not thofe ufed in the Artillery there and here,

Before we proceed any farther, it will be neceflary to
premife fome geometrical propofitions, which cugbt to
be known, in order to underftand feveral parts of this
work.

. 1. The diameter of the circle is to its circumference,
as 113 is to 355 nearly.
H. The fquare of the diameter is to the area of- thc
circle, as 452 to 355.
I The cube of the dlameter is to the folid content
of a fphere, as 678 to 3
1V. The eubes of the axes arc to the folid comcnts '
of equialtitude cylindess, as 452 to 355. /
V. The folid content of a fphere is to the circum-
fcribed cylinder, as 2 to 3. Thefe propofitions
are demonitrated in the Ninth Seftion of my
_Elements of Mathematics,
: : ' The
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. The following table contains the weight of a cubic
foot, exprefled in ounces, of the feveral fubftances fpe-
cified, which I have for the moft part taken from Mr,
Cotes’s hydroftatic leGures. Thofe of gun metal have
- been computed from their mixture, and the caft iron
from the. 9 pound ball, whofe diameter is four inches,
exceedingly near, according to Sir Fonas Moor. '

Specific gravities of bodies.

':'Copper gooo  Steel —— 2644

- Tin* =~ — 9320 Marble — — 2700
Gun metal — 8784 Dryoak — 925
- Caft brafs —- 8000 Dry ath — 800
Lead — — 11325 Drymaple — 455
. Iron = &= %645 Dryelm — 600
Caftiron — 9425 Dryfir — — 550
Shells — — 4892 Powder —— 8o

For his father weighing feveral iron balls with a
turious fcale, found one nearly round, whofe diameter
was 6.63 inches, and weighed 41 pounds; from thence
the diamneter of a g pound ball is found to be 3.9995
inches; which being fo very near 4 inches, by taking it
as fuch, no fenfible error can happen in computatian.

Having the weight of a cubic foot of thefe bedies,
that of any parts may be found by proportion; and on
the contrary, the weight of any part of a body being
given, its fpecific gravity, or the weight of a cubic foot,
may be found. Thusa cubic foot, or 1728 cubic inches
of gun metal, weigh 8784 ounces, or 549 poungs : then
dividing 1728 by g9, we get 192 cubic inches; and
dividing 549 by g, we get 61 pounds. , Hence 192
cubic inches of gun metal weigh 61 pounds. -

Again : 1728 cubic inches of caft iron weighing 7425
ounces; or 464 pounds and an ounce, which we thail
neglect ; then 1728 divided by 16, gives 108; .and 464
divided by 116, gives 29. Hence 108 cubic inches o{{
-t B2 ca



P ARTILLERY.

caft iron  weigh 29 pounds. Thefe two examples will
be ufeful hereafter in finding the weight of guns.

A fhell, whofe diameter is 124, weighs 192 pounds
when loaded, as will be thewn ; and 355 is to 678, as
the content or weight 192, is to the content or weight
of the cube 366.69 made by its diameter : but the cube
2072.67.0f 124, is to the cube 1728 of 12, as the
weight 366.69 is to the weight 4892 of a cubic foot, or ~
the fpecific gravity of fhells.

Apgain : a cylinder .of powder, whofe axis and dia-
meter are each 3.42 inches, contains one pound, or 16
ounces, as will be fhewn hereafter ; and- 355 is to 452,
as the weight 16 ounces of the cylinder is to the weight
20.372 ounces of the cube made by its axis : but the
cube 40 of 3.42 is to the cube 1728 of 12, as the
weight 20.372 is .to the weight 880 ounces of a cubic
foor, or the fpecific gravity of ordnance powder.

o Ex_aiwn.z I

~ To find the diameter of an iron ball, whofe weight is.
given, fuppofing that of a g pound is 4 inches. Say,
- the cube root, 2.08, of 9 pounds is to 4 inches, as the
cube root of ‘the given weight is to the diameter fought ;
or if 4 be divided by 2.08, the cube root of g, the
quotient 1,923 will be the diameter of a one¢ pound ball 3
" which being continually multiplied by the cybe root of
the given weight, gives the diameter required. ,
This may be done in a fhorter manner by making
ufe of logarithms; for if the logarithm. .2839793 .of
1.923 be conftantly added to the third part of the loga-
rithm of the weight, the fum will be the logarithm of
the diameter. Suppofe a ball to weigh 24 pounds, add
the given logarithm .2839793, to thethird part.4600704
of the logarithm 1.3802112 of 24, the fum .7440494
will be the logarithm of the diam'cter.of a ball weighing
‘24 pounds, which ther&fore is 5.5468 inches. »
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If the weight be exprefled by a fra&ion, the.rule.is
- ftill the fame; for inftance, the diameter of a pound
-and a half ball, or of %, is found, by adding the loga-
rithm .2839793, found above, to .0586971, one third
of the logarithm of ;3 the fum .3426764, will be the
logarithm of the diameter required, which therefare is
2.2013 inches. .

The diameter of an ounce ball is found, by fubtract-
ing .4013733, one third of the logarithm of 16, from
the logarithm .2839793, of one pound ; as this loga-
rithm is lefs than the other, an unit muft be added to

‘it then the difference .882606, will be the logarithm
of the ball’s diameter, which weighs an ounce. This
logarithm being continually added to the third part of
the logarithm of the weight, exprefled in ounces, and
an unit being taken from the fum, the remainder will
be the logarithm of the diameter: thus, let the ball
weigh eight ounces, add .3010300, the third part of

.. the loganithm of 8, to the logarithm .882606 of one

ounce ; the fum .18363, after having fubtratted unity,
will be that of the diameter, which is 1.526 inches.

As the diameter of the bore, or the caliber of the
piece, is made one twentieth part larger than that of the
fhot, according to the prefent practice, we have cam-
puted the following

B3 Digmerers
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Dianéeters of the Jbots and calibers of Englith gué.;, '
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The numbers in the firft horizontal line are units,
and thofe in the firft vertical column the tens: the other
numbers under the one, and oppofite to the others, are
the refpective diameters of fhot and calibers. Thus to
find the diameter of the fhot, and the caliber of a 24
pounder, look for the number 2 at the fide, and for
4 at'top ; then the number 5.547 under 4, and oppofite
to 2, will be the diameter of the fhot in inches and_
decimals, and the number 5.824, under the firft, the -
caliber of the 24 pounder, Again, to find the diameter
of the fhot, and the caliber of a 36 pounder ; look for
3 at the fide, and 6 at the top, then the number 6.350,
under 6, and oppofite to 3, will be the diameter of the
fhot, and the number 6.666 under it, the caliber of the
36 pounder. In the fame manner may be found the
diameter of the fhot and the caliber of any gun, under
a 60 pounder : thofe above 48 are nat ufed,

. B4 Diameters
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“This table is conftrufted upon the fuppofition thae
the diameter of a four pound ball is three French inches,
. according to their authors ; and from thence, the dif-
ference between the logarithm of three inches, and one
third of the logarithm of four pounds, gives the lo-
garithm .2764347 of the diameter of a one pound ball,
which being continually added to one third of the num-
ber of pounds of the ball, the fum will be the loga-
rithm of the diameter of that ball in inches and decimals.
The windage of the French guns is but one twenty-
- {eventh part of the ball’s diameter ; which, therefore,
being added to the diameter, gives that of the caliber.
Mr. Saint Remy gives a. table of thefe diameters in page
136, vol. i. new edit. in inches and duodecimals, with~
out mentioning how it was conftructed. 1In page 82, he
fays, that Butterfield has computed it, and that it is
very exalt. Butterfield was an Engh/h mathematical-
inftrument-maker eftablifhed at Paris. ’ '
This table agrees nearly with that given by Samns
Remy, p. 136, as appears from the following numbess,
where lines and points are reduced into decimals of an
inch. C

The firft column contains the | .
weights of the fhot, the fecond | 24—5.444—5.451
their diameters in inches and de- | 36—6.229—6.237

cimals according to Saint Remy,
“and in the third the fame diameters | 41—b.518—6.517
according to our tables. Hence; | 46—6.776 —6.771
our diameters are greater as' far as a thirty+fix p'pund
fhot, -and lefs above it. 'Therefore the Fiem& table has
not been conftru¢ted from the rule that the weights of
fhots are as the cubes of their diamjeters, uplefs'fome
errors have been committed in their-computations.

The following table has been computed upon the fup-
pofition, that the French foot is to the Englifh as y14 is
to 107, as we have thewn in page 2 ; and from thence,
the logarithm of the diameter of a French pound s
.3039558, exprefled in Englyh inches and decimals.

Thasn R e As

39—"6.417—6.409
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This table ferves to compare the French calibers to
ours : for example, the diameter 5.808 of a 24 pound
ball is fomething more than 5,769, that of our 24. Thae
6.393, 'of their 32, nearly equal to 6.408, that of our
37. That 6.648 of their 36, nearly equal to 6.634 of
our 42. _ ‘

The diameter of a French g pound fhot is 4.188 inches
of our meafure, and its cube 73.453 3 and as the dia-
meter of our g pounder is 4 inches, and its cube 643
therefore the French weight is to ours-as 73 453 is to 64,
or as 70 to G1 nearly : which differs greatly from the

_ratio mentioned before. Therefore 100 French pounds
make 1144 pounds, and not 108, as the former pro-
ortion gives. : : : )

The proof that this ratio is the neareft that can be
given by two figures, we fhall fuppofe, with Sir Fonas
Mocr, that the diameter of a g pound iron fhot is 3.9995
inches ; then as 114 is to 107, as 3.9995 is t0 3.7593
Frenchinches, whofe cube is 52.899, and %0 isto 61
as g to 7.8428 pounds French weight. Thetefore the
cube 52.899 is to the cube 27 of g, as the weight
7.8428 is to the weight 4.0004 pounds-of the fhot,
‘whofe diameter is 3 Freuch inches, which agrees nearly
with the fuppdfition of the French: but if the ratio 63

- to 63 be fuppoled, a g poundet Englifh weighs 8.3352
then by proportion the weight of a f(hot, whoft dia-
meter -is 3 French inches, will be 4.2548 pounds, or
above & quarter more than 4 pounds ; which is certainly
more than it is poffible not to perceive,

. ~

Tron



ARTILLERY.

12

Irox grape fbot from 1 to 39 ounces
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Whence the diameter of any bullet is found, by di-
'viding 1.6706 inches by the cube root of the humber,
which fhews how many of them make a pound; or this
may be done in a fhorter manner. From the logarithm
.2228%56 of 1.6706 fubtrat continually the third part
of the logarithm of the number of bullets in the pound,
and the difference will be the logarithm of the diameter
required, ‘

hus the diameter of a bullet, whereof 12 weigh a
pound, will be found by fubtra&ing .3597270, a third
part of the logarithm of 12, from the given logarithm’
.2228756, or, when this logarithm is lefs than the for-
mer, an unit muft be added, fo as to have 1.2228%56,
and the difference .8631486 will be the logatithm of
the diameter fought ; which is .7297 inches ; obferving
that the number found will always be a decimal, when
the logarithm which is to be fubtracted is greater than
that of one pound ; becaufe the divifor is greater than
the dividend in this cafe. ‘ :

From the fpecific gravity of lead, the diameter of any
bullet may be found from its given weight. For fince
a cubic foot weighs 11325 ounces by our table, and 678

- isto 355 as the cube 1728 of a foot, or 12 inches, is

the content of the fphere, which therefore is 5929.7
counces ; and fince fpheres are as the cubes of their dia-
meters, the weight 5929.7 is to 16 ounces, or one
‘pound, as the cube 1728 is to the cube of the diameter
-of a fphere which weighs a pound; which cube there-
fore is 4.66263, and its root 1.6706 inches, the dia-
meter fought. .

Sir, jonas Moor makes this diameter 1.69 inches:
though he was very curious in his experiments, yet as
the fpecific gravities have likewife been determined by
Cotes and feveral eminent men, it would be a prefump-
tion in me.to determine which of the two diameters is

“the moft accorate ; for which reafon we fhall give two
tables, one of each of thefe fuppofitions, leaving the
choice to the impartial reader. B '

) ‘ Diameters
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Diasmeters of leades budllets from 1 to 39 in the pound, a- ’

cording 1o the autbor,

o) 1 |23 4516171573

of o [1.671|1. 3251 1581. 05). 977 .'919 . 873]. 8351. 803

i} 715] 7510 L 730 .7u.693.677.663.650.6:37.622;

b

2. 615f . 605| 5961 . 5871 579|. 5711, 564]. 5571 550}, 544
3 bl

- §38) . 532 .52 .Szl.,gl'].541.;06.50[.497.4’.951i

Diameters of leaden bullets Jrom 1 to 39 in the pound, ais
cording Sir Jonas Moor,

o)1 |2 3 4 s | 6 7 3 ‘9

al |

‘0 11.690}1.341(1.172{1.064]0.988/0.930[0.883 0.84510.812

Lol

0,784 o.-76o .738[0.719[0.701/0.6850.671(0.657(0.645 0,633

0.623[0.612[0.603(0.594 0.586 0.578l0.570l0.563]0.5 560,550

N

3 0.544 0.53710.532(0.527]0.521[0.517]0.5 12 J0.507}0.503 04981

The diameter of the mufket bores differ not above one
fiftieth part from that of the bullet 3 for if the fhot but
Jult rolls into the barrel it is fufficient. The govern-
ment allows 11 bullets in the pound, for the proof of
mufkets, and 14 in the pound, or 2g in two pounds;
for fervice : 17 for the proof of carabins, and 20 for
fervice ; and 28 in the pound for the proof of piftols,
“and 34 for fervice, '

As powder meafures are ufeful in artillery, being

more handy than weights, faving time, and are necef=
fary in ricochet firing, we fhall infert here fome expe-
riments I made upon that fubje in 1753, at the royal
academy of artillery. -

1. A Cy= '
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1. A cylinder, whofe axis and diameter were two
inches each, contained 3 ounces and 3 grains, or 51
grains ; and as fimilar eylinders are as the cubes of their
axisy if we fay 51 grains are te 246 grains, er one
pound, as the cube 8 of 2 inches is to'the cube 40.156
of the diameter of a like cylinder holding one pound. -

II. A cylinder, whofe axis and diameter were 4 inches
each, held 25 ounces and 10.5 grnins, Or 410.5 grains;
whence 410.5 graing are 10 256 grains, as the cabe 6a -
of 4inches is to 39.912, the cube of the axis of a cy-
linder holding one pound. -

"~ III. A cylinder, whofe diameter and axis were 6
inches.each, held 5 pounds 6 ounces and 6 grains, or
1382 grains. Hence 1382 : 256 : : 216 : 40.01 for
the cube required.

- 1V. A two-inch cube held 4 ounces and 1 grain, or
65 grains 3 and as 452 is to 355, fo is the cube 8 of
the axis to the content of the cylinder, which therefore
is 51.05. Hoence65: 256:: 8 : 40: 117, the cube of
the axis. '

V. A fix-inch cube held 6 pounds 13 ounces and 13
grains, or 1757 grains ; fo then 452 : 355:: 1757 :
£379.944, OF 1380, the conteat of the cylinder ; and it
1380 : 256 :: 216 46.07, this fourth term will be the
cube of the axis required. Hence a medium of thele
five experiments gives 40.053 cubic inchies, whofe cube
root 3.42 will be the diameter of a cylinder holdine; a
pound of powder.

From hence we may deduce the fpecific gravity of
powder, which is no more than the content of a cubic
foot exprefitd in ounces. Now fince 3551s to 452, as
the content 16 ounces of the cylinder is to 20.372, the
content of the cube of its axis, and the cube 40 of the -
axis 'is to the cube 1728 of 12 inches, or a footy as
20.272 ounces to §8o ounces contained in a cubic foct
of powder.

Sir Fonas Moor found by feveral e"penm‘nts the di-
ameter of a cylinder holding a pound of powder to be
3. 165 inches. Dia-
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Diamgters and beights of cylindric powder meafures from t
- %0 39 ounces, according to the author.

)

Sfolr )z |3 |45 |e}r18]9
O

o [1.357|1.7f0l1.95712.154{2.321 z.467 2.596 2.714]2.830

1|2.9242.963{3.107(3.1913.271|3.347]3.420[3.490|3.557|3.622

2|3.684/3.744]3.803|3.8593.915|3.968/4.021]4.072[4.121{4.17¢c

314.21714.263}4.30914.35314-397 4~+39|+481 4-523(4.56314.603

The logarithm of an bunce is .1326467 5 the other
numbers are found, by adding dne third of the logarithm
of the number of ounces, Thus the number of 8 ouncés
is found by adding.3010300, one third of the logarithm
of 8 to that of one ounce, which gives .4336767 for
the logarithm of the number fought ; which therefore is

2.714. .

Diametérs and beights of cylindric powder meafures from 1 |
E to 39 pounds, according to the author, ‘

ol 2|34 |s5s|6]7]8 ]9

3.420}4:309|4.932]5.429]5.84816.214/6.541]/6.824{7.114

~lol&
1

7.368(7.606{7.83018.041|8.243|8.434/8.618]8.794/8.963 §.126

219.28319.435 9.587; 9.726{9.865]10.00{ 10.13|1C.26]10.38]10.51

3'10.63 10.74'10.86110.97|11.08|11.16]11.29 ;x.45_|xx.5o 11.60

Diameters
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Diameters of oylindric powder meafuires, when the diameter
is to the axis 4s.2 40 3, according to the author,

.

Slojt]z|3lalsi6]lr8o

N

of o |L181]1.491{1.710{1.886]2:027)2.155]2.2682.371 2.472

1j2.55442.5882.714{2.788 2.857'2.924 2.98813.049/3.164 3.164;

2/3.21813.271(3.322|3.371 3.420!3.466 3.513 3.557 3.600 3.643

313.68413.724/3.7643.80213.841'3.87813.915|3.95 1 3.986 4021 -

bl oy x 23451678 ol

ik

ol o ]2.988(3.764!4.308]4.743/5.105]5.428]5.7148.9616.215

1/6.436}6.644(6.840] 7.024 7.201{7.368]7.520{7.682|7.83017.972
, | 2[8.109]8.24218.37218.4968.618(8.736]8.849 8.963l9.c6819.181

 —

3|9.28619.38219.49619.583]9.679 9.76'9 9.863 xo.oosl'o.oilxo.xg .

Thefe diameters are found, if thofe of the former.
tables be divided by 1.1447, the cube root of 3. .
As Ilook upon thefe experiments to have been made
with great accuracy, this difference can proceed from np
other caufe, than that the grain of the powder was
fomething finer in his time than at prefent. The chang-
ing the fize of the grains, is attended with many in-
conveniencies without the leaft advantage ; for-the
wder meafures made at one time .are either larger o
efs than what they fhould be at another, whereby great
miftakes are made in loading of pieces. Sometimes
more, and-other times lefs powder is ufed than intended 3
and to change them continually, is atiended with ex-
. C pences,
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nces, and cannot always be done abroad, where they,
ave no conveniency to do it : fuch miftakes wer¢'made -
at Minorca fome years ago, where -thé powder meafure
held 35 pounds inftead of 303 and at the end of the
feafon, the officer could not account for the fpending
fo much more powder than he intended, till he founﬁ
the miftake by examining the meafure. Co
‘When the grains are made as large as we do atpre-
fent, it happens that fome of them are much fmaller
than others, and the fmall take fire fooner than the reft,
" by which the force of fome is partly expended before
the reft is fired, and confequently the total force is not fo
great-as it-would be, if the grains were nearly of the
fame fize. ’ ,

It has been imagined by fome, that the large grained
powder is ftronger than the fmall : but Captain De/a-
guliers made fome experiments with grained and mealed
pawder ; both which carried the fhot the fame diftance.
It may be prefumed, that powder was not grained at its
firft difcovery, bat in courfe of time experience thewed,
that it kept longer in grains than otherwife; for which

_reafon this cuftom is followed by all nations, and is
undoubtedly the beft. '

Diameters and beights of cylindric poswdsr meafures, bolding
. Jfrom 1 ounce to 19, according te Sir Jonas Moor, -

flolrlz]3l4]s|6]7]8}]9
of o ll.z;7 1.583 1.811'1.9942.148 2.2822.403(2.512]2.613]

1]2.706'2.793 2.876 2.953'3.027 3.09813.16513.23013.29213.352

Thefe diameters are in inches and decimals.

Diameters
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Diameters and beights of eylindyic powder #eafiires, b&ldifij
Jrom 1 10 19 pounds,

'ib.o'x‘z 3'4. s |6 7|~8 9
o |3.x6;!3.988 4.;65|;.q;4 5.412 ;:751 .6.'.05._ |6.‘3'3,o 6.583

6.890!7.039!7.24; 7.4.42'7.628 7.80517.975 8.138[8.29; 8.391

[o)

-

This laft table is conftrued in this maniner; multiply
continually the cube 31.705, of 3.165, by the number-
exprefling the weight of powder, and the produ& will
be the cube of the diameter and axis of the cylindet
fought. Or thus, add continually .5003737, the loga-
rithm of 3.165, to the third part of the logarithm of
the number fhewing the weight, then the fum will be
the logarithm of the diameter reouired. :

Thus one third .2006866, of the logarithin of 4,
being added to the logarithm . 5003737, gives .7010603,
for the logarithm of the diameter of a cylinder, holding
4 pounds of powder, which is 5.024 inches. ,

The diameter of a cylinder, holding an ounce. of
powder, is found by fubtracting one third of .4013733,
the logarithm of 16, from the logarithm .5003737, then
the ditference’.oggooo4, will be the logarithm of the
.diameter required; which being continually added to -
one third of the logarithm of the given number of
ounces, gives the logarithm of the diameter fought,

As powder meafures are more convenient, when theif
axis is longer than their diameters, we fhall give the

C2 o iDi)mmr:,
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Diameters of cylindric powder meafures, when the diameter -
is 20 the beight, as 2 to 3, according to Sir Jonas Moor.

3 the \
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the bafe of the cylmdcr requxred ; then becaufe the dia.
‘meter x of the bafe is to its altitude as 2 to 3 by’ fup—

pofition, the altitude will be 24 ; and hence, a3 = 33,
by the condition of the problem, or 3 a3 =ux3; the

cube root of which is a3y 3 ooy,

In the fame manner may be found the diameter of -2
cylmder, which is to its altitude in any other given ratio, .
fuch as 1 t0 2, oras 3 to 5.

As it is neceffary that an artillery officer fhould know
how to compute the number of fhot contained in a fquare
or oblong pile, finifhed or unfinithed, we fhall give here
a method for finding the number of fhot more general
than that in our hlements of Mathematics, page 98
deduced from a moft compendious principle.

Ians'rIcA'rmN of a general rule for ﬁndmg the ﬁmu

of feries’s,

If z exprefles the number of terms of a fencs, whof'e
fum can be expreffed by the product of fattors that are
in an arithmetjcal progreflion ; to find the Zor general

‘term of that feries.

N. B. The general term of a feries is fuch an ex-
preflion compofed of a variable 2 and conftant
quantities, that when 2z is made cqual to o, 1,2,
3, Of I, 2, 3, 4, it gives the firft,” fecond, tl'm'd,,
fourth term of that {eries.

Tt is evident, that by diminithing the value of z by
the common difference 7 of the factors, the fum will be
diminifhed by the laft term, and the difference between
thefe two foms will be the z or general term required.

" Thus if 2. 2 n. 2+ 25 2+ 35, be'the fum’of
any feries, by writing 2 — » for 2, we get 2 — . =.

2+ n z 4 2n: which fubfiracted from the firft, gives
4822402 F2m, for the general term required.

N. B. The points between the factors fignity muln-
- plication.

C3s Cmeml- ,
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General RuLE.

From_ the fum of a feries, to find its general term;
multiply the fum ty the number of faflors and the common
difference, and firike out the laft faflor. 4 '

N. B. Whether the fum is multiplied by a conftant

number, or the faGors decreafe or increafe, the rule
is the fame. '

Thus the fum gz gives a for a general term ; 2. z}-1
gives 2 z 3 the fum z. z— 1.z — 2 gives 3 2. 2 —1,
andz. 24721212437 givs 4n.2.2+a,
b 4 + 2n, _'

General R UL E.

From the general term of a feries to find the fum of
any numbcr 2z of terms. '

Increafe the faliors by one more fadtor, and divide by the
number of faitors thus increafed, and by the commen dif-
ference. o

“ Thus the general term 4 gives a = for the fum, 2 2
gives Laz. 2113 2. 2} 1 gives 5z 24 1. 24 2,
and 2.2 — . 3 — 2 n, gives ;'—nz Z N —Z w2
g—3n. :

Obferve, when the firft value of z is o, the fattors
muft be of a decreafing progreflion ; but if it is any
number of ap increafing progreflion, as examples will

fhew, >
Examrre I,

¢ Let the feries be any arithmetical progreflion as 4,
¢+mn a+t 21, a + 35, . whofe general term is
6 -+ zn, when the values of g are 0, 1,72, 3, and the
fumez- 4 n g—x— 1. of gterms. If 1,2, 3,43
then g —=u =, and § 2. 2+ 1, the fum of z terms.
If 57,9, 11, theng=135,71=2, apd 52+ 2. 23— 1
 OF'%, %+ 4, the fum of z terms, |
: . : ExamMpLrs
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' ‘Exameprz IL ,

Let the feries be the fquares of an arithmetical pro-
greflion, as @ 4, @ P, a+ 2 n?, . whofe general
termis e +2zn*oraa42nz+ nnzz, ando, 1, 2,
. 3, the values of 2. hence the fum of the two firft terms
is44z—4n2.2—1, andfincezz—=242.2—1,
whofe fumis § 2. 2~ 1§ 2.2—1.2—2, Or 2
z — 1. 22 — 1, when reduced under the fame deno-
mination. ' »

Therefore aaz4-nz. z—1-41nnz.2—1.22—1, is the
Sum of z terms of thag feries.

Thus if the feries is the fquares of the natural num?
bers 1, 2, 3,:4,then a—=1=1, and 2+2.2—14}z.2—
1.22—1, or $z.z{1.22+41, when reduced undér the
fame denomination.

If the feries is ‘1, 9,.25, 49, that is the fqueres of
the numbers 1, 3, 5, 7, 9, then is a=1, #=2, and
Z+4-22.2~~1-442.2—1.22—1, Of 32.22}-1.23—1, the
fum when reduced. . K z=10, then will.1330 be the
fum of the 10 firft terms. :

I3
o

If a8, a4-1.541, a+2.542, be the feries, which is
that of the horizontal range of a re&angular pile of fhot,
whofe general termy is 4 +2.6+42, or abF-a+-b.2xz2,
ando, 1 2, 3, 4, the values of z; the fum is therefore
- abz+a¥bizz—1+4izz—1.22—1, by examp. IL .
" This feries may be reduced to A.2gF2—1x28 +2~3
~+32+1.2—1.x by 3z For 264-z—1, multiplied bg
2b4-z—1, gives 4ab+428425.2—142—1.3—I1, AN
zj; 2—1 fdded 4:) -;;—{- ;*._z——x, an-c—l}-the whole divided
by 4 gives the firft fum, ' .

C.4;‘~. s  Genereb

ExamrLE IIi..

P
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General RULE for an incomplese pile.
Fo.4wice the length and breadth of the upper furface, add

fhbe-corner row lefs one.
* o the produfl of thefe two mlmber: add one third of the
adutld, the cormer row lefs ome by the corner row more one,

oad m!lhpb -2be fmn by one faurth of the corner row.

Thus, if the ﬁdcs of the upper furfacc are 20 by 4,
and the corner row 6; -

Then the fum of 40 and 3, multnplncd by the fum of
- . 8and s, gives — — 585

One third of 7 multiplied by 5, gwes ——
. Then the fum 5963 of thefe t40 oroduéts, maltiplied
. by 6 and divided by 4, gives 895 for the numberof
fhet contained in that pile,

T L YCASBI

' 'When the pile is complcte then 4=1, and thefum
f+ becomes 3a+zz—1x by -gz z+z Which gnvm ttm

Gcneral Rure for a complm p;le
To three tmw the uppar row 'add twice tlze corner rowy

%Mull@b 1he, jm b the produﬂ of the cormer row, iy
tbe corner raw mor; one, and divide the produgt by 6, :

. JEthe npger raw be 20, and the corner one 72 ; ; then
tu;nea ;20y-added to 232, gives w= — — . 82
. MuL_lpIy 83 by 12, this produc by 13, and divide
'by 6, . wmchn gives 2158 for the number of ﬂxot ree
qmre L.
P . C;ux II

M"Wll‘éi'l“ﬁ‘déif" and 3 become umty, the fum A be-
tomes ;z.3 T13% 1—:, which gives this |
a0 Gemeral
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General R v L:E .for a complete [quare pile.

" Mulsiply the corner row by that row 'mrc’one,' “multiply
this 'produll by twice the corner row more one,” and divide

If the corner row be 50, then %5051 . 101, OF
25.1%. 101, gives 42925 for the number of fhot re-
_guired. o T .
4 N. B. By dividing before the multiplication is per-
- formed, as we have done, and .which 'is always
poffible,” the operation becomes fhorter. -

CasEIL

When b=a-4-1, the feries becomes a.at1,a41.842,
and if* each of thefe terms be divided by 2, it will be
that of a trfangular pile, and becaufe 5=g+4-1, the fum
A divided by 2, gives 2s+2—1426+ 21442412

- ‘Général Ruve for ir;dngular incomplete piles.

To twice the fide of the upper row, add ibe corner yow
¥efs ome, and the corner row more one. T
To +be produsl of thefe two numbers,” add one third of'the
produl, the corner row lefs ome by the corner Yow more one,
and myltiply the fam by one eightb of the corner row. -

If the fide of the upper row be 26; and rhe ‘eotner
203 then twice 26 added to 19, givesyr;-twicé 26
added to 21, gives R - 73

And 71 multiplied by 73, gives '~ ' ——= 5183

One third of 21 multiplied by 19 ~ ———— "133

The fum 5316, multiplied by 20, and divided by 8,
g'!lves 13290, for the number of fhot contained ia. the
prie, ' o ‘

. Caszs

.....
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CassIV

. ‘When 4 is unity, the fum in the laft cafe becomes
}2.2+ 1.z+2, which gives this

A

General Ru LE for a complese triamgular pile.

Multiply the bafe by the bafe one more, this produﬁ by the
bafe more two, and divide by 6.

" If the bafe be 40, then 40 by 41, by 42, and the
produét divided by 6, gives 1 1480 for the numbcr of
fhot contained in this pile.

Thefe are all the different rules that can be given up-
on that fubje®, and to fave the reader the trouble of
computanun, we fhall infert here four large tables con-
- taining the number of fhot in 2912 complete piles, ‘The
firft column of thefe tables contains the number of the
corner rows, and the upper herizontal line the number
of the upper ranges. The number of fhot in a pile is
agamﬁ the number of the corner row, and under that
of its upper range. The laft column contains the num-
ber of-fhot in ‘a triangular pile, oppofite to the numbcr
of its corner row in the firft column, :

PART II
R Confirustion of G v ¥ s.

HAT bas been faid in the Introdu&ion, with
_regard to the proper length of pieces, and the
properties of different chambers in mortars, will engble
us to form fome general conftrutions of pieces, de-
ducted from experiments and theory,. and therefore lefs

liable to exceptions, than thofe hitherto givep by otl;:rsl:
whic

-
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which feem to have no other foundation, than the par-
ticular fancy of the contriver, and generally a bare imi-
tation of others, Before we proceed. any farther, it.is
neceffary to give the names of the feveral parts of which.
pieces are compofed, in order that what is faid may be
clearly underftood, '

Names of the feveral parts of a gun,
Plate I. Fig. I

. The length of the gun.

. The firtt reinforce.

. The fecond reinforce.

. The chace.

. The muzzle.

The cafcable.

The breech. -

The vent field. {

. The chace girdle. '
The bafe ring and ogee.

oo lol- o 2
ommw

e o a

el iol-%-3
- ?MUOU’

t. - The vent aftragal and fillets.
.p q. The firft reinforce ring and ogee.
v w. The fecond reinforce ring and ogee.
x.  The chace aftragal and fillet.
z,  The muzzle aftragal and fillets.

n.  The muzzle mouldings.
m,  The {welling of thé muzzle,
-~ Ai. The breech mouldings.

The vacant cylinder, wherein the powder and ball are
lodged, is called the Bore, and the entrance of the bore,
the Mouth of the Gun, The cylindric parts T, by

“which the gun is fixed upon its. carriage, are. called
Trunnions ; and the handies on brafs pieces, are called
Dolphins, from the fith whofe form they reprefent,
The diameter of the bore is called the Caliber of- the
Piece.  Laftly, the difference between the diameters of

the thot and the bore, is called the Windage of the ~

GUD. :
o REMARrRKS
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ReEMAREKS |

The length of a gun is always reckoned from the
hind part of the bafe ring, or beginning of the caf-
cable, to the extremity of the muzzie. The fecond re-
inforce begins at the fame circle where the firft ends;
and the chace at the fame circle where the fecond rein-
force ends. Lo L

The firft reinforce includes the hafe ring, ogee next
to it, the vent ficld, vent aftragal, and firft reinforce
ring ; the fecond reinforce, the ogee next to the firft
reinforce ring, and the fccond reinfarce ring ; and the
chace, the ogee, next to the fecord reinforce ring, the
chace girdle and aftragal, the muzzle and aftragal. The
trunnions and dolphins are always placed on the fecond
reinforce ; -the firlt, fo as the breech part may weigh
fomething more than. the muzzle part, to prevent the
piece from kicking up behind when it is fired ; which it
will always do fo long as the center line is placed below
that of the piece, as has been the cuftom ever fince
their invention. On the contrary, the dolphins are fo
placed, that when the gun is fufpended thereby, the
breech and muzzle parts may equally poife.

The artilleriits here differ in the names of feveral
parts; not one of them can tell precifely how far the
muzzle reaches, nor the cafcable; for fome call the .
fwelling the muzzle, others the breech mouldings, the
calcable, and fay, that the button is a feparate part by
itfelf, and not included in the cafcable. :

As no one has hitherto attempted to write upon Ar-
tillery in Engli/b, and to fix the names, it is ro wonder
that the practitioners differ, fince they have no guide to
goby. The only thing we could do, was to fix the
names of the parts in the moft convenient manner
to their conftruttion, and to prevent confufion. We
have called the part from the beginning of the muzzle
-aftragal to the mouth, the Muzzle ; becaufe that aitragal

deriving its name from the muzzle, it feems therefgre_
' - that
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~ rowis 3. Again, the pifference 210

] the number of 1620 di

s
.

ExepLaNATI}Shot.

The foregoing rules ar
and to fatisfy the curious

going tables

. may be performed in an Qer rows from

10 (0 36, and is an arithfe number of

fhot in the upper ranges ¢ural numbers
from 1 to 6o. -

The fecond column, thhf the natural
numbers ; thus to unity §eg ¢ 4 for the
next pilc', to this add th nucd at Plea..
fure, or any one may be

The laft column undethave the fame
corner row, and are alwp ;. thus the
difference 55 againft the o4 by adding
continually the next corngnon difference
of the next line ; and 1 '

Having the fecond of b of the difs

ferences, the other columfye horizontal

line. Thus the firft pyr

their fum
440 is the content of th 5

whofe upper
the fiim 6230 of 210 an .
THhe column of differe y adding the
common difference to thq fnd the true
number : thus the conter} 244 the dif-
ference 300 to 15400, ofhar number.

Mr. 8t. Remy gives akom 1 te 204
and upper ones from 1 §e  exceptin
three numbers, ‘being th n’ the cgmf-
rows at 10, becaufe anyf. nearly the
largeft. The upper row ther contain
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that the muzzle fhould reach fo far. "As to the cifcable, ,
it cannot properly be determined otherwife than we haye
done ; fince it is commonly faid, that a piece is of fuch
a length, exclufive of the cafcable ; it agrees likewife -
with what general Armfirong fays in hs Conftruction, as
well as the diftintion made by the founders and prac-
titioners, ot
- Formerly pieces were diftinguifhed by the names of
Sakers, Culverins, Cannon, and Demi-cannon ; but at
prefent their names are taken from the weight of their
fhot; as for example, a 12 or 24 pounder, carries a
ball of 12 or 24 pounds weight. '
As moft conftrutions of authors agree in general,
and differ only in fome particulars, we thall give that
of general Armfirong’s, formerly furveyor-general of the
ordnance, which appears to me lefs deficient than any
~ that have hitherto been given, which are -

General Ru L E for brafs ond iron guns.

The length of the gun being divided into 7 equal
“parts ; the length of the firft reinforce AE, is two of
thefe parts ; the fecond E F, one, and a diameter of the
bore ; fo that the chace F B is four of thefe parts,
wanting a diameter of the bore. :

The diftance from the hind part of the bafe ring, to
the beginning of the bore, that is, the breech A C, is
- always equal to the thicknefs of the metal at the vent.
The trunnions T, are always a caliber in length, and
as much in diameter, clear of the fecond reinforce ring;
and placed in fuch a manner, that a right line drawn
through their centers touches the lower part of the bore,
as in the fourth figure, where that line is marked a. b,
and paffing through the third divifion; that is to be three
fevenths from the hind part of the bafe ring. The
length of the calcable A b, is always two calibers and a

uarter, S :
4 ‘Thefe
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Thefe-divifions are in general -made by all nations,
. only the trunnions are placed half a caliber more back-
ward by the Fremch ®. '

General dimenfions of brafs guns.

The caliber of the gun is divided into 16
ual parts,
The thicknefs of metal at the bafe ring from
the bore, is — —— —_— 16.
At the end of the firft reinforce ring, —— 14.5
At the fame place, for the beginning of the fe-
cond reinforce, _— — 13.5
- At the end of the fecond reinforce, == —— 12.5
At the fame place for the beginning of the
chace, ' .
At the end of the chace or muzzle, the mould-
ings excluded, —_— — — &

11.5

"MovuLDINGS,

bafe ring, = — == 1.5 inches,_’
. Breadth of the ogee, n%xt to the bafe 5 '
) B ring, —_— —_ 2,
From the ogee to the tfore part of the
aftragal, a caliber.
The fillets of the aftragal, are each — .28
The aftragal, or half-round — — .56
Total of the aftragal and fillets, ~— — 1.12
At the firft and fecond reinforce ring,
the fillets are — — — .25
Breadth of the firft and fecond rein-
force rings —_ — —1.25
The ogees next to thefe rings, —— — 1.5
The fillets at the muzzle, - = — ,25

* This figure does not anfwer to the following conftructions, bt it
- is fufficient to thew the reader how to proceed, according to the given
T - The
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The muzzle ogee, .in a 12 pounder and upwards, is
1.25 inches ; but in a2 g pounder and under, it is an:
inch qnly. The chace girdle and aftragal is one ca:
liber. *The fpace from the mouth of the gun to the -
muzzle aftragal, in an 18 pounder and ‘upwards, is equal:
to a diameter of the fecond reinforce ring 3 butin a2 12
pounder and under, it is equal to the diamcter of ‘the’
firft reinforce ring. C o

The rifing of the mouldings at the firft and fecond
reinforces, is an eighth of an inch ; and the rifing of
the bafe ring is determined by laying a ruler to the ex-
- tremities of the firt and fecond reinforce mouldings.
The fwelling of the metal at the muzzle is always equal
to the diameter of the fecond reinforce ring,.

CascaBLeE.

From the hind past of the bafe ring, to the fore part.
of the fillet next to the botrom, 4 of a caliber. :
From.the fore part of ‘the fillet next to the button,
" to the centre of the button, one caliber. - -
“From the hind part of the bafe ring, to the hind part
of the filler, between the two ¥ ogees, : of a caliber,
bDiameter of the fillet next to the imtton, 1.5 Ca=
liber.
Diameter of the neck, % of a caliber.
Diameter of the button, fomething more than a ca.
liber, it'is fix inches in a 24 pounder. ,
It muft be obferved, that the fhell at the vent is 3.
inches broad, and reaches from the bafe ring, to within
a quarter of an inch of the vent aftragal, leaving that
fpace for the cafe of turning, and the vent is a fifth part.
of an inch. : :

* The reader muft obferve, th:‘t:feneral Armftrong made twa
ogees, though there is but one marked here. .

General
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G;aegaldimi;/iomfoi‘ iron guns.

The caliber of the gun is here divided into.14 equal
res. ! !

_The thicknefs of metal at the vent frorh

the bore, is — 16 parts.

At the end of the firft reinforce — — 14.5’

At the beginning of the fecond reinforce, 13.5

At the end of the fecond reinforce, 12.5

At the beginning of the chace, 1.5

At the end of the chace or muzzle, =—— 8.

As to the moildings, and the reft of the dimenfions,
they are much the fame as before, only the diameter of .
the vent i here one fourth of an inch, without any rea-
don given for ir.

The lengths of the guns, according to this gentle-
man, were as 'follows ; the 32 pounder brafs, 10 feet; °
the 24 and 18 pounders, 9.5 feet ; the 12 pounder, 9 ;
the fix, 8 ; the three, 7; and the 1.5 pounder, 6 feet,

« The iron 32 pounder, 9.5 feet; the 24 and 18

unders, 9 ; the 12, cight; the g, feven ; the 6,
fix and half; and the 3, four and half feet.

Some of thefe dimenfions have been altered fince for
others, grounded upon no better reafon than.the for-
mer. L
The reader may eafily perceive the perplexity of thefe
conftructions, arifing from the different fcales that are
ufed wichout the leaft neceflity. That the greateft part -
of the mouldings fhould have the fame dimenfions, from
a'3 pounder to one of 32, appears contrary to reafon,
and efpecially contrary to the rules of architeéture ;
from whence they have been taken. . To make as many
mouldings in iron guns, which are rough and not turned, -
as in brafs ones, is another blunder ; but thefe are trifles
in regard to the abfurdities in general committed in thefe
conftructions ; which' cannot better be difcovered, than-

by. examining all the parts feparately, cach in their
order. ,
o Length

-
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Length of guns. .

If the continual changing the length of pieces be
confidered, it will appear evident, that practice alone is
infufficient to determine that which is the beft 3 and if
the experiments hitherto publithed on that account are
examined with fome attention, it will be found, that for
,want of proceeding from proper principles, the refult of
them is erroneous and inconclufive.

For the greateft part of them were made to difcover
fuch a length as thould carry the fhot fartheft, without
mentioning what the charge fhould be 5 believing that
the greater the velocity of the fhot is, the more its exe-
cution would be : but it has been found on the contrary
by experience, that a velocity which is fufficient to carry
the fhot juft through a wall, does more execution than
one that is greater. Others, fuch as Mr. Dumetz, and
the late general Armfirong, endeavoured to find the beft
length of a piece, when loaded with two.thirds of the
thot’s weight ; and to attain which, Mr. Dumetz made
ufe of different calibers, which had all the fame length,
wiz. 10 feet, and he found that the 24 pounder carried
" its thot fartheft,

Now, what can be concluded from thefe experi-
ments ? Nothing more, as I conceive, than that 10
feet is a better length for a 24 pounder, loaded with that
charge, than for any fmaller caliber : but it does not de-
termine, that this length is fuch, as to carry the fhot -
fartheft of any other ; for we are not certain, whether
one of 8 or g feet long would not be better than this,
fince no trial has been made to thew that it would not.
Befides, we are as much at a lofs as ever, to know what .
are the beft lengths for fmaller or greater calibers.

From the experiments made by general Aimfirong-it
wd concluded, that g.5 feet was the beft length for-a
24 pounder, though that of § feet produced the greateft
range. B

D , As



3 ARTILLERY.

As thefe pieces were all of the fame weight, it is plain
that fome of them were too ftrong in proportion to
their length ; and if they had been reduced to a proper
fize, their ranges might probably have changed : but
fuppofe this is in reality the beft length for'a 24 pounder,
‘we are neverthelefs in the dark with refpet to the other
calibers. So that the moft that can be made of thefe
experiments, is, that the length of the 24 pounder has
b;gen fdetu*mined nearly, with regard to the charge made
ufe of.

But it has been found fince by experiments, that 8
pounds of powder are fufficient for a 24 pounder, when
it is to make a breach ; for the Fremch ufed no more all
the two laft wars in all their fieges. This being the
cafe, all former experiments are exploded, and confe-
quently others ought to be made, in order to determine
the beft length for that charge. . ’

But are we certain that this charge is the beft that can
be ufed? I think by no means; for we have found,
that one fourth of the weight of the fhot is fufficient for
field-pieces, and even a lefs one. And we are not cer-
tain, that the fame charge might not do in battering
pieces, or-on board of fhips; fo that new trials fhould
be made firft, to know the beft charge before the lengths
of the pieces can be determined.

The making fmall calibers longer in proportion than
great ones, is attended with many inconveniences and of
no advantage, fo far as I can judge, fince there is no
neceflity for their carrying as far as the heavy ones,
which 1 fuppofe was the reafon the artifts went upon ;
~ but this fuppofition is erroneous ; becaufe there is but

ong certain length that is better than any other, greater
or lefs, as we fhall fhew ; and therefore they may as
well be too leng as too.fhort.

__Another inconveniency attends this practice, which
is;- thar fome of thefe pieces weigh above twice more
than they ought to do, according to the moft heavy
.conftruction, whereby their carriage from place to place

: : becomes
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~becomes more troublefome, and the expence at leaft one
third more.

Lattly, when the lengths of pieces are not propor-
tioned to the diameters of their fhot, the experiments
made with one caliber will not be of any ufe to any
other, nor the dimenfions ufed ; and therefore as many
experiments muft be made as there are different cali-
bers, as well as fo many different conftrutions, in order
to make them equally good and ftrong ; and I may add,
that this practice is the principal reafon that fo little
improvement has been made in the conftruction of
piceces, and that fo much confufion is met with in them ;
whereas, if they are all the fame number of Ai~meters
long, one general conftruétion will be fufficient for all
thofe made of the fame metal ; and when the dimen-
fions of any one piece have been determined by expe-
riments, it will ferve for them all; the pieces will be
fimilar, and their weights in the fame proportion to that
of their thot. Finally, the conftrution of all kind of
picces will be fo fhort and eafy, as that they may be
comprehended in a few leaves, as will be feen hereafter.

Since then neither pratice, nor any theory hitherto
publithed, no more than the experiments made in Eng-
land or France, have as yet furnifhed us with any fatisfac-
tory rule to proceed by, and yet Artillery cannot be
improved without it; we fhall endeavour to fhew here,
both from theory and fome unexceptionable experiments,
that there is a certain length of a gun better than any
other longer or fhorter, whereby it will carry its thot
the fartheft poflible. For general Williamfon of the
Artillery made many experiments at Minorca, which are
related in the introduction ; whereby it appears that an
eightesn pounder, which weighed 2900, and length g
feet, carried farther than another eighteen pounder that
~weighed 5100, and was 11 feet long, when equally load-
ed, and with the fame angle of elevation ; it was found
likewife, that nine pounds of powder was the beft charge,
and carried the fhot farther than apy other, From

D2 whence
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whence it appears, that the greateft length of this caliber
ought not to exceed g feet ; but whether it might not
be lefs has not yet been tried. , .

Now as g feet is 21 diameter of the thot nearly, and
it is very probable that all calibers, proportionably long
and charged, will produce fimilar effets, we may draw

this conclufion, that the length of pieces which carry their ~

Sbot farthefp does not exceed 21 diameter of its fhot.; and
that their boft charges are equal to balf the weight of their
Jhot. :

This will receive no fmall degree of certainty from
what we have proved in the appendix to this work,
page 122, where we have fhewn, that the greateft velo-

cities which cannon fhot of different calibers can have,

are always proportional to their diameters ; and as their
lengths ought to be in proportion to their charges, and
they are proportional to the diameters of their fhot, the
length muft therefore likewife be proportional to the
diamerers cf their thot.

We have likewife proved in the fame page, that the
greateft velocities of projected bodies have certain limits
which they cannot exceed, let the force that aéts upon

them be what it will; which confirms that part of the .

experiments with refpeét to the beft charge.
- Now fince the greateft velocities of projected bodies
are proportional to their diameters, the largeft caliber
will therefore carry their fhot fartheft. Confequently,
the queftion of finding the length of a piece, fo as to
produce the great:ft range, depends on its caliber, its
length, and on its charge, which we have here deter-

mined. '

As thefe experiments are the beft and only ones that
_ever were made on-Artillery, as far as 1 have feen or
koow, and agree exa&ly with the theory we havg given
. in the appendix, fo we may affirm this theory to be the

‘beft and only one grounded upon true and unexceptional -

principles, and that all others hitherto publifhed are
- without

~
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without foundation ; and therefore all the conclufions

“drawn from them erroneous.

Though it- may be convenient on fome particular
occafion to have guns which carry their fhot as far as
poflible, yet in common pradtice this rule is not to be
followed ; for on board of fhips thefe long and heavy.
guns would not anfwer fo well as fhorter and lighter,
becaufe fhort guns are eafier loaded, require lefs room
for the recoil, and are more expeditious in attion; and
fince fhips come fo near together in action as they do at
prefent, the long ranges are intirely ufelefs: befides, the
charge of half the weight of the fhot is too much, and
ought never to be ufed, one third at moft is quite fuf-
ficient, and perhaps lefs, does more execution, and heat
the guns lefs: all thele advantages ought not to be
neglected. - :

The length of battering pieces ought to be fuch, as
to enter into the embrafures fo far, as that the blalt of
explofion does not deftroy them in a day’s firing; in
that cafe they may be repaired again at night, becaufe
it is impoflible to prevent the effect of the blaft intirely :
for which reafon all calibers, not exceeding a 24 poun-
der, may be 21 diameters long, but thofc above cannot
bz fo long without inconveniencies; but-the charges
fhould never exceed one third of the fhot’s weight, be-
caufe it has been found by experience that this charge
is fufficient, and perhaps lefs would be better. )

It muft be obferved, that guns fhould never be loaded
with more powder than is juft fufficient to produce the
defired effect, which a fkilful commander can or may
always difcover in practice ; by which the guns will net
be heated more than is neceffary, and they may be fired
longer without receiving much damage. ’

What has been faid in refpet to battering pieces may

e applied to garrifon ones ; oniy the beft charges may
be given them on particular occafions, as at the begin-
ning of an attack to oblige the enemy to. begin his ap-
proaches as far as poffible, or in a place fituated near
» . 3  the
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the fea or a navigable river, to prevent fhips from

. coming too near.

The field pieces fhould have the beft lencvth and
charges, in order to annoy the enemy at the grcateft
diftance, excepting the bartalion guns, which fhould be
fhort and light, that they may advance as well as retire
as quick as the army, From whence follows this

General RuLE,

That the length of guns augb{ 1o be determined from their
particular ufes.

Thicknefs of M!TAL.

It is an univerfal cuftom in Europe to maxe the guns
" with reinforces ; that is, they are, as it were, made of

three fruftrums of cones joined together, fo as the leaft.

"bafe of the former is.always greater than the greate(t of
the fucceeding one, whereby the metal breaks off in twa
. Placeson a fuddcn, as the reader has feen in the con-
ftruétion of pieces given here before. But.fince powder

ats uniformly and not by ftarts, it is hard to judge from

whence this ridiculous cuftom has arifen, which leems ta
be as old as the invention of guns; and nothing but
the ignerance of the effects of powder has been the
caufe of its being handed down to our time. Our vene-
‘ration for old cuftoms is fo great, that whoever at.
tempts to make any change is looked upon with con-
tempt, let his reafons be ever fo plain'and good ; this
I know too well by experience.

Yet I fhall freely communicate whatever I think ta
been improvement and ufeful to the public; let the con-
fequence be what it will, I fhall do my duty. Since
then powder aéts gradually and not by ftarts, there
fhould be no breakings off in the metal ; and we have
. fhewn in the remark after Theor. 1V, that the piece
fhould be cylindric, from the bafe ring to the end l(:f

. t O
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the charge, and from thence, by the nature of the ex-
plofion, a curve line bending inwards quite to the mouth
of the piece: but as the confbrution of the curve is
not very eafy, and differs in the main buc verylittle from
a right line, by making the part between the end of the
charge and the mouth conical, it will be fufficiently
exact for prattice.

When pieces were loaded with two thirds of their
fhots .weight, the thicknefs of meral was then at the
vent equal to the diameter of the fthot; but fince there
is no occafion to load pieces with more than half that
weight, the thicknefs of metal ought to be lefs ; for
which reafon the prefent light 6 pounders are only the
two thirds of the diameter of the fhot thick, and their
length 15 diameters ; the fame thicknefs is given to the
24 pounders, and their length is but 12 diameters ;* and
as this thicknefs has been found fufficient by many trials,
when the charge and length remain the fame, there is
no reafon to make them ftrooger.

The ftrength given to iron guns is certainly more
than required, fuppofing the charge no more than one
third of the fhot’s weight ; this has been found true by
fome, whofe thicknefs at the vent was equal to the
diameter of the fhor, and half that thicknefs at the
mouth,

VENT.

" The common method of placing the vent is within
about a quarter of an'inch from the bottom of the chanber
or bore : yet it is imagined, that'if the vent was to come
out at the middle of the charge, the powder would be

- inflamed in lefs time than in any other cafe. , But not-
withftanding that this appears fo vifible, and feems to -
be demontftrable, yet I have found the contrary, to the
great furprize of the fpectators. I had two mortars,
the chamber of one cylindric, the diameter of the bafe
one inch, and the axis two ; the chamber of the other
' D4 concave;
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concave ; each of thefe chambers had two vents, one at
. the bottom, and the other in the middle, and contrived
in fuch a manner, that one could be fcrewed up, whilft
the other ferved to fire ; and I fcund always the range
- of the fhell greater, when the lower vent was ufed, than
when ‘the powder was fired by the middle one. The
fame thing was tried by colonel Defaguliers and me,
with different cylindric chambers, fome of which were
three or four times the diameter of the bafe in length.
This being fact, it remains now to know, whether
the fame would do in mortars of a larger fize, or in
guns; for I muft own, that after thefe trials, and fome
others of a ftill more extraordinary nature, which have
been mentioned in the introdution, I can fearcely be-
lieve any thing relating to the effet of gunpowder, but
what has been found true by a fufficient number of ex-
periments. c

_BogRre,

The windage, or difference between the diameters of
the fhot and the bore, is not the fame in Exgland as
abroad. Suppofe the diameter of a fhot divided into
20 equal parts, then the diameter of the bore is 21 of
thefe parts ; the French fuppofe the diameter of the fhot
divided into 26 parts, and the diameter of the bore to
be 273 what the proportion is in Holland and other
parts of Germany I do not know ; but it is evident, that
the lefs windage there is, the wuer the fhot will go;
* and having lefs room to bounce from one fide to another,
the gun will not be fpoiled fo foon; for which reafon
I fuppofe, in the following conftructions, the diameter
of the fhot to be divided into 24 equal parts, and make
the bore 25, which is 2 medium between the Englifb and
French methed.  This we do not fo much in order to
differ from others, as on account of the convenient fcale
it affords, to conftru@ nat only guns thereby, but alfo
their carriages, as will be feen hereafter. Th’

. : (-]
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The French make little chambers in their 16 and 24
pounders, of one third of a caliber long, and as much
in diameter ; by this means they fay the metal becomes
thicker at the vent, and prevents its fpoiling fo foon.
But as chambers are much more advantageous in other
refpeéts, we fhall conftruét fome hereafter, fo as to have
all the advantages that can be had.

Some are for making the bottoms of the bore conical,
others fpherical ; and laftly, fome quite flat; but I can
find no reafon to prefer one way before another, ex-
cepting the conveniency there may be in adapting the
cartridges in a more eafy manner to their form.

TRUNNIONS,

The method of placing the trunnions fo that their
axis touches the lower furface of the bore, as is practifed
all over. Europe, is fo abfurd, that it is amazing no
author or artift has thought proper to change it; the
only reafon 1 ever heard given for this praétice, was,
that by this means they were ftronger fixed to the gun,
and of confequence would not break off fo foon as in

any other place. As infignificant as this reafon is, it

ferves however to defepd that old eftablifthed cuftom.

| C : '
B Ip ' A

But to thew the abfurdity of it; fuppofe A B to re- .

- prefent the center line of the bore, and C D the diftance
of the center line of the trunnions from that of the bore.
Now becaufe when the piece is fired, the explofion ats
againft the breech B, and makes the piece recoil, but
being fixed to the carriage by the trunnions, endeavours
to turn about the point D, whereby it prefles alfo upon
the coins under the breechi B, where they by their elafti-

' city

"
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city repel it upwards, and its weight brings it down
again. The piece therefore acquires a pendulous motion
about the center D, which caufes the coins to fly off,
changes its direction, and fhakes the carriage with great
violence, and often breaks it to pieces.

In long pieces this effect is not fo fenfible as in fhort
- ones ; and though carriages generally break in their cen-
ters, yet the caufe has never been attributed to the wrong
fituation of the trunnions; not even after the many
accidents of that kind which have happened lately : for
a fhort and light 24 pounder was tried at Woolwich, to
know whether they might not be as ufeful in altion as
the light 6 pounders; but every time it was fired,
it broke its carriage to pieces. From thefe accidents,
and its recoiling more than the heavy pieces, they were
rejeted as ufelefs, wi hout thinking in the leaft thag
both inconveniencies might eafily be remedied.

The piece ftood upon a plattorm of ftone quite level,
which is nat, nor ever has been, praétifed on any occa-
fion whatever ; for in the field they are placed upon the
rough ground without any platform; and as the recoil
is nowver fo great in fuch a fituation, as upcn a level ftone
platform, this objectian is to no purpofe : and that this
is fa&t beyond, difpute, appears from the trials made at
the fame time with light 6 pounders, which recoiled
likewife in an extraordinary manner, notwithftanding
they are found in real fervice not to do fo.

In'a fiege, when batteries are erected, the platforms
are made of wooden planks, raifed behind, more or

lefs, according as it is neceflary, to prevent the pieces
from recoiling farther than is convenient to reload them.
And fince this may be done at pleafure, without the

leaft inconvenience, the rejecting them on that account

is frivolous and abfurd. ,

“To prevent thefe pieces from breaking their carriages
is eafy, if we dare break through old cuttoms, by
making the axis of the trunnions to pafs through the

center line of the bore, as may be feen in our conftruc-
. ' tions
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tions hereafter. The pretence of their breaking off
from the piece is taken away, by making fhoulders tq
them ; befides, this objettion*is only imaginary, fince
it has never been tried. ' v

What we have faid upon this head is likewife con-
firmed by pratice in howitzes, which, being fixed to
their carriages in the fame manner as guns, are properly
nothing elfe than fhort guns with chambers ; for their
trunnions are placed in the manner we propofe, and,
when fired, acquire no other rhotion than a backward
one, without fhaking in the leaft the carriage, nor did
their trunnions ever {uffer.

MovuLDINGS.

As they are made by way of ornament only, they
depend chiefly on the maker’s fancy ; it muft however

- be obferved, that they fhould be plain and fimple, and

fuch as are ufed in architecture, from whence they have
been borrowed ; the metal fhould be projected as little
as can be, that the piece may lie clofe on the carriage :
the mouldings of our mortars are oddly jumbled toge-
ther, without any order or judgment ; and thofe of oue
iron guns are more numerous thau is confiftent with
reafon, for they have fillets on both fides the firft and
fecond reinforce rings, which are not ufed in brafs
pieces ; and as thefe mouldings are not turned in iron,
they appear ridiculous, and more fo in fwivel guns,
which have as many as thofe of the largeft caliber.

MvzzLE, .

The fwelling of the metal at the muzzle feems to
have been made merely to make the pieces look grace-
ful, or perhaps to appear of a larger caliber to an enemy
at a diftance than they really are. When they are too
heavy, the piece is liable to bend at the neck when
heated with much firing, which makes it either break,

! or

\
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or bend, and fo become ufelefs. Some are of opinion,
that the metal fhould be as high at the muzzle as at the
bafe ring, that the vifual ray over the metal may be
paralle] to the center line of the bore, which they ima-
gine to be neceflary for laying or pointing the piece in
a proper manner ; but thofe who are for this praétice are
very little acquainted with real fervice: for as the fhot
defcends in its flight by the force of gravity, the piece,
muft be laid higher than the obje@ to be hit; fo that
when the metal is equally high before and behind, the
obje& is hid intirely by the thicknefs of the ‘metal, and
confequently the piece can never be laid true ; whereas
if the height of the metal be lefs at the muzzle than.at
the breech, the elevation of the piece, when pointed
at the objec, will anfwer the defcent of the fhot at a
certain diftance, and the fkill of the gunner will be fuf-
ficient to make a proper allowance when the objeét is
either farther or nearer.

CascaBLE.

They are made of various figures ; fometimes like a
' bunch of grapes, or as the heads of different kinds of
animals : the French diftinguifh their calibers by the -
different forms of the cafcables; but as this is expenfive -
when they’ are well carved, and looks paltry when not
well done,. the manner of ‘making them quite plain,
with a button and a few breech mouldings, as we do
here, feems in my opinion much neater, and is lefs ex-
penfive. It is true, that the diftinguifhing the different
_calibers is very proper ; but this may be done in another
manner, more agreeable to the fight, and cheaper.

Line of Direflion. ™
' Formerly pieces were made with a cavity upon the
Bafe ring, and a button upon the higheft part of the
muzzle, whereby they were directed in the fame manner

. as
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\

as fowling-pieces are 3 but how this line came to be left
off in latter times I cannot tell ; for to find the center
line of a piece every time it is to be fired with a plum-
met or an inftrument, as is the cuftom, is very tedious,
uncertain, and unmafterly : for as it is impoffible to
turn the outfide of a piece true to the bore, confidering
the bluntnefs of the tools and the heavinefs of the engine,
the center line can never be found to any tolerable de-
gree of exattnefs, by an inftrument applied on the out-
fide of a piece; and when the fhot does not hit the
mark, the gunner is at a lofs to know, whether it is
owing to his want of fkill, or to this line not being
rightly marked ; whereby it is impoffible he fhould be
able to form a right judgment how to direét the piece,

But when the line of diretion is marked on the piece
in the aforefaid manner, and the fhot does not hit the
mark, ‘he knows how to reftify the miftake, becaufe the
line remains always the fame, whether it be marked
right or not, which I have feen many times. It is faid,
that the platforms are never rightly level, and if one
wheel of the carriage ftands higher than the other, the
line of direcion becomes ufelefs 3 but I can find no
reafon for not laying the planks level when the platform
is made, fince I always have feen a level ufed ; and this
may even be done fufficiently exalt by the eye with-
out a level, fince a fmall trifle, either on one fide or
other, cannot caufe any great error in the laying of the
piece ; and ina field engagemert, where no batteries are
made, it is of no fignification, whether the piece points
alittle to the right or left, provided it is not too high or’
too low,

-

CALIBERS.

The choice of calibers depends on two confiderations,
viz. they fhould never be lefs than thofe of other na-
tions; becaufe in an engagement by land or fea, the
larger fhot haylwayg the advantage ; and “their czla-

) meters
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meters thould have a fenfible difference to diftinguith
their fhot with eafe ; otherwife it may happen in an en-

agement, when men are generally in fome cénfufion,
t%aat the one will be taken for the other, as has hap-
pened to my knowledge, whereby the piece becomes
unferviceable, till the (hot fticking in it, has been blown
out again ; which fometimes cannot be done without
rendering the piece unferviceable, ,

As the conftruttion of pieces, as well as that of their
carriages, ought to depend on the diameter of their
fhot, methinks they fhould be expreffed by whole num-
bers as much as can be, or at leaft by fome eafy frac-
tions. Thus they fhould be exprefled by 3; 3.5 4
4.55 535 5.5 6 inches; which anfwer nearly to a
4, 6, g, 13, 18, 24, and 31 pounders. And as the
diameter of a g pound ball is 4 inches, and may ferve
in a manner as a ftandard to make the reft by, I am

forry to fee that this caliber has been rejected lately in

brafs cannon. '

This s what we thought neceffary to premife before
we enter upon the conftruction of pieces, to fatisfy the
reader, that they are the refult of a well afferted theory,
and of fuch reafons as ought to be well confidered be-
forehand ; but whether they will fatisfy artifts prejudiced

" in favour of the moft abfurd, old eftablithed cultoms, is
‘what time will fhew: the fubject is of fo great an im-

portance to the nation, that it deferves to be well exa--
mined beforehand, and proper experiments made be-

- fore any change is introduced ; for which reafon I fub-
- mit thefe my endeavours to ferve the public to the
‘Judgment of my fuperiors. .

General CoNSTRUCTION for brafs batterihg pieces.
| Plate I. Fig. 1.\

Let the length A B, of the piece, be 18 diameters of V

" the fhot ; divide that diameter in 24 equal parts for a

5 {cale,




-

ARTILLERY. 4y
fcale, whereby all the reft of the dimenfions are deter-
mined. Make the diameter of the bore equal to 25 of
thefe parts; from the hind part A of the bafe ring, to
the fore part D of the vent aftragal fet off 40 parts ;5.
make the thicknefs of metal taken from the bore at A
and D, equal to 18 parts, that is, three quarters of the
fhot’s diameter, and g parts, or half that thicknefs at
the mouth ; then the lines drawn through thefe points
will determine the figure of the gun, which theretore is
cylindric from A to D, and conical from theace to the
mouth. ' ' ,

The center line of the trunnions croffes the center line
of the bore at right angles, and at a diftance of three
fevenths of the total length A B of the gun, from the
hind part A of the breech 5 their diameter is 18 parts,
as well as their length, free from the projection of the
fecond reinforce ring ; the fecond reinforce E F, is al-
ways two thirds of the firft AE ; the breech A Cis16
parts, the chace girdle F1, 14; the muzzle H B, the
tenth part of the total length of the gun, which is here -
4.3 parts, and the diameter of the fwelling, m, of the
muzle is 6 parts diftant from the mouth.

The breadth of the bafe ring and ogee next to it are
each 6 parts ; the firft and fecond reinforce rings, and
the ogees next to them, 5, the aftragals and fillets 4 ;
the cavetto at the mouth 2.5, and the fillets one each.

The bafe ring projets the metal by two parts, the
firft and fecond reinforce rings by one, or rather lefs 5
the fillets of the aftragals by one half, and the round
part is defcribed from a center placed in the outline of
the piece. There is a circular fhoulder about the trun-
nions, whofe diameter exceeds that ef the grunnions by
6 parts, and projects even with the fecond reinforce
iring. , :

Cas-
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Cascarre. Fig.a.

The diftance from the hind part A, of the bafe ring,
to the center C, of the button, is 27 parts, the radius
of the button g, the breadth of the quarter round 2,
the ogee 5, and the fillets one each. From the center
C of the button, draw lines to the extremity of the bafe
ring E, F, in which find the center O, {o as the arc de-
fcribed meets the arc of the button in the line C F, and
touches the fecond filler : thefe arcs will determine the
neck ; the line O p, drawn through the center O, par-
allel to C A, will determine the fecond fillet, and C F,
the firft. :

To defcribe the ogee, join the extremities n, q, of the
fillets 3 through the point q, draw the line r p, parallel
to O n, produced ; in thefe two lines find the centers
p, fo as the arcs defcribed through the points n g, meet
in the middle of the line n q : the arc which determines
the quarter round, is délcribed from a center r, in
P> Q> produced fo as to meet the extremity F, of the
bafe ring within one part. The fhell is 6 parts broad,
and the diameter of the vent a fifth part of an inch.

Mvzzvue Fig 3.

* Take the line BK, equal to twenty parts, and erect
the perpendicular 1K, after having made L P, equal
to 6 parts, the center I, is to be found fo as the arc de-
fcribed, through the point K, fhall meet the point L
and if through the point a, at 4 parts diftant from HB,
the line a r, be drawn perpendicular to L P, the center
r, is'to be found fo as the arc defcribed through the
~ point L, may meet the extremity of the fillet a. The

cavetto is no more than a concave quarter round.
It has been found by experiments, that when pieces
have chambers, they require a lefs charge than they
“would do otherwie ; for which reafon I would make a
chamber in all Pieces of 24 pound ball and upwards,
whofe diameter fhould be two thirds the diameter olt; the
' ore,
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bore, and length equal to that diameter; fuch as is re-
prcfentcd in the firft igure. Although this chamber
contains bug -one ninth part of the fhot’s weight of
powder, yet the effet it produces is nearly equal to that
of a fourth part; which is fufficient in large pieces.

Whatever faults there may be found with the par-
ticulars of this and the following conﬁruéhons, it can-
not, however, be denied but this is the true method
whereby artillery pieces fhould be made ; for fince ar-
chitecture has its certain rules whereby to conftruct the
feveral parts of a column from its diameter, there is no
reafon why the parts of a piece fhould not be determined
in the fame manner.

" To find the weight of metal

The fquare of 43, the dlamctcr of the

~ muzzle without mouldings, : 1849
The fquare of 61, the . diamcter at the vent

aftragal, g 3731
The rectangle, or main plan of thefe dia-

meters, 43 and 61, = 2623

_ The fum-of thefe three produé’ts added, — 8193
~ Which multiplied by one third of 392, the

length DB, - 1070552
The fquarc of the diameter 61, multiplied

by 40, the length A D, - 148840
Four times the cube of 18, Yor the trunions,

~ cafcable, and mould, - ~ 23328

The fum of thefe laft three produé&s added, 1242720
The fquare of the bore 25, multlphcd by ‘
its length 416, —_— -

z6oooo
The difference between thefe two laft fums, 982720
The fquare of the diameter is to the area

ofthccnrclc, as 452 to 355, S —— 771826

Thefe
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Thefe are cubic parts of the thot’s diameter, divided
into 24 equal parts : and as a cubic foot of gun metat
weighs 459 pounds, aecording to our tables, or 192
cubic inches 61 pounds ; the laft fum reduced in thi
proportion gives 245215.

But the cube of 24, the diameter of the fhot, s to
the cube of 4, the diameter of a g pound ball, as 216
to umity, fo is 245215 to 1135 pounds, the weight of

a g pounder ; and if this number be divided by g, we

fhall have 126 pounds of metal for every pound of the
fhot’s weight. Confequently the weight of the fhot of _
any gun, according to this conftruction, multiplied by
126, and the produ& divided by 112, gives the weight
of the gun. '

Length and weight of battering picces.

Old Pieces. ' New Preces.

|CalibLength. Weight. | [Calii.[Lengthy Weight. |

6 ;8:o|19:o: o 12 6:7F13:-z:o

9 9:0?25:03 ° 1817:6 2'::“0
12 ,'9:("?2920: o 24| 8:4 27:0z0
18 9\"-6&8‘."0: of 32 |.9:’z 36 : 0°: o}
7;24. 9:6 s1:0: o v36',9\f:6 ho:2: 0| !
32 ‘10:015552:7 ’ L4,2‘10:04,7:1:0
. ‘tz.q':'6,3;l:z:xo 48119:654:0:0

The léngths' of pieces.are in feet and inches ; old gurﬁ'
of the fame caliber are not always of the fame length,

- nor of the fame weight ; thefe given here are thofe moft

commonly ufed at prefent; but for what reafon_the 32
pounder is longer than the 42 is only known to the
maker. o '

Remarks
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Remarks on this confiruiion.
R

We have fhewn in the Introduétion, that the guns
thould be cylindric as far as the charge reaches, and
from thence conical to the mouth 3 and therefore the
conftrution is conformable to the theory : we have like-
wife fhewn, thac the center line of the trunions ought to
pafs through the center line of the bore; for when it is
lower, as has hitherto been the cuftom, the carriages
are deftroyed in a fhort time ; the diftance of the trunions
from the breech is the fame in both, and we found it
likewife to be right by computation : the length of the
36 and 42 pounders is agreeable to that commonly
given to battering pieces 3 and fince both thefe calibers
weigh lefs than the old 24 pounders, they may be ufed
inftead thereof, as well as the 48 pounder, which weighs
wvery little more than fome 24 pounders, efpecially as a
breach is much fooner made by large calibers than by
fmall ones ; and that they are ftrong enough we are
certain, fince our prefent field-pieces, whofe ftrength is
to that of thefe in the proportion of 8 to g, have been
found by repeated experiments, to bear any firing
whatever 3 and they need not be loaded but with one
fourth of the fhot’s weight, when they are made with-
out chambers, fince the force of a 32 pounder, loaded
with 8 pounds of powder, is greater than that of a 24
pounder loaded with 8 pounds, in the proportion of the
weights of their fhot; that is, in proportion of 4t03;
and the force of a higher caliber is ftill greater.

- It is true that thefe new pieces would recoil more
than the old, if they were loaded with the fame charges,
which is not the cafe ; befides, it may be eafily pre-
vented, by allowing a greater flope to the platform,
Confequently the pieces, according to this conftrution,
have greatly the advantage over the old ones.

E 2 ‘ Con-
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Conftruttion of iron battering and garrifon pieces.
1 av +ha lanath A R he 21 dlameters of thethot, di-

N~ vivs vy
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Obferve, that the 32 pounder is but 19 diameters
long ; the thicknefs of metal at the breech 24, and 11
at the muzzle. Experience has fufficiently fhewn in this
laft war, that iron guns ftand much better, in making
a breach, than the brafs s for the latter have failed in
all che ﬁeoes they were ufed.

I can afﬁrm, that a hundred and a half of metal is
" {ufficient for one ponnd of the fhot’s weight,” provided
the guns are made of good virgin ore : and one thould
<think it would be the intereft of the nation, to make ufe
of the beft that is to be found in the country for that
purpofe.

B:fides, a fet of 6, 7, 12, 18, 24, 32 of brafs pieces,
weigh 22700 we:ght, which, at ngol per ton, coft
. 14.751 10 5. and the fame fet of iron weighs 19400,
a ton cofts 16/ and the whole fet 1557 45. So that
g fets of iran coft no mare than cne of brafs.

Ceuftruclion of brafs pieces for fbips.

.As long guns are very inconvenient on board of thips
on account of the difficulty in loading them, we fhall
fuppofe the length A B to be 15 diameters of the fhot,
which diameter being divided into 24 equal parts, as be-
fore, and. the diameter of the bore being likewife 25 -
parts ; the diftance AD is 40 parts; the breech AC 18 ;.
the thicknefs of the metal at A and D is 20, and 10 at
the mouth B ; the reft of the conftruion is the fame as
before ; only the diameter. and length of the trunions
are 20 parts each.

By the fame manner of computing the weight of
metal as before, we fhall have 124 pounds of metal for
every pound of the thot’s, welght, which gives the fol-
l,owmg table.

E3 | Bre



54

ARTILLERY,

Brafs fhip-guns,
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time, and ftood the proof, without receiving any
.damage ; and I may venture to fay, that they would
ftand any number of firings with the common charge.

General confiruttion for iron [bip guns.

Let the 'length of the piece be 15 diameters of the
fhot ; the diameter of the bore 25 parts of the
fhot’s diameter divided into 24, as before ; the diftance
A D, 40 parts ; the’breech A C, 24 ; the thicknefs of
metal at the vent- 24, and half that thicknefs at the
mouth ; the diameter and length of the trunions 24
;ach, and the reft of the conftru@ion the fame as be-
ore, : ;

By the fame way 'of computing ‘as before, we fhall
find 140 pounds of iron, or a hundred and a quarter,
for every pound weight of the fhot : fuppofing that
108 cubic inches of caft iron weigh 29 pounds, accord-
ing to our table of fpecific gravities.

Fron fbip guns.
Old pieces. New picces.
alib. | Length.| Weight. |  |Calib.| Length.]  Weight-
-1 341 4:6 -74:'1:57 - 313:6 3:3:0
i f——]— . c o Sac r—1}
| 4 bio \g2iziagl } 6] 4:4 | 7:2:0
6 | 7:0 l17:1:14 9| s:0trr:1:0
PR : s : )
ooolengd. 50 |23 2 2f . 12 | §.: 6 15:0:0 |-
SOl Bt ST 7 Tt o . I
A2l 9:0 §:3f 3 1& 6:4 zg:z:.?
i 18 fgrodgr:a: 8 | 24| 7:0|30:0:0}
0 e | e : '
| 24| 9:0 |48:0: © 32 | 7:6 |40:0:0
"";f’-"gé“ 96 fs3:3:230 | 42 | 814 |g2i200
A :k' 3 ¥ - .y 2 ~ PN Y "
evnitfo 4230 o A5 X idp) § 48 | 8:6 |6o:0:0}

g o Remaré;
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" Remarks on this confiruction.

The making iron pieces in fuch a manner as not to
be heavier than is neceffary, nor yet too weak, {o as to
be in any danger to break when fired brifkly for fome
time, is of the greateft importance, infomuch as all-our
thips, one or two excepted, are provided therewith;
for by making them too heavy the fhips cannot carry
fo many large large calibers as they otherwife might,
which is agreed by the beft judges to be a great difad-
vantage ; if, on the other hand, they thould be fo weak
as not to bear a brifk firing, the burfting of a piece in
an action might create fuch a confufion as to caufe the
lofs of the fhip. But to prove beyond doubt that no
danger can be apprehended from guns made according
to this conftrution, provided the ironis good (fuch as
that of the Carron company) appears from the trial of
2 three pounders made for lord Kgmont ; for they both *
ftood the ordnance proof loaded with three pounds of

owder, and I am certain they would have ftood if they
ad been loaded with double that charge. There was
alfo made 2 fix and 2 twelve pounders for Monf. De
Malg, the Portuguefe envoy ; and they ftood their proof,
and would have done it, if they had been loaded with
much greater charges-than the weight of their fhot.
Now fince all the calibers are proportionally ftrong;
accerding to their charges, the one being found ftrong
enough by praétice, all the reft muft be fo too. Se-
condly, we have a great many 6 and g9 pounders that
were caft formerly, and which have been ufed a great
while, and are lefs thick at the muzzle aftragal than the
new ones : this being an undeniable fa&, proves again,
thatthe new are of a proper ftrength.  The reafon that
the prefent guns are fo much heavier than the new, is
© owing to their greater length ; befides the charges of
powder have hitherto been greater than was neceflary,
. and the firength of the piecgs has, or ought to have
' ‘ been
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been made in proporgion. With regard to the length
of thefe new picces, they are fuch as are conceived by
fome of the beft fea officers to be much more conveni-
ent than if they were longer, on account of the rope
rammer they are obliged to ufe ; for in long pieces, if
the rope is hard and ftiff, it is bent with great difficulty,
and if not, will fcarcely fuffice to ram the thet home.

Guns of a mew confiruction ufed in the feveral men of war,

Num. |Weight, W eight|Num, Weii;htof Weight ofy
of | of of of old .| thenew

guns.| old. | new. [fhips. | number. | number.
100 [4367. 3[2556.0f 5 | 21838.3] 12780
90 13537. 3|2001.0] 9 | 31839.3] 18009 {
‘8o {3108. 3{1827.0] 7 | 21761. 1] 12789
74 |3091.c[1840. 2| 32 | 98912.0 8896
70 |2997. 0[1796. 2] 10 | 29970.q] 17955
64 12543 3]1305. 9 23 §8505. 11 3015
60 {217%. 3|1185. o] 30 65332, 2| 35550
so {1881. 1]1035. o 19 | 357433 19665
44 |1365.2] 705.0, 8 | 10924.0} 5640
40 |1234. 2} 312.2 9 | 11110 2| 2812
35 | 953. 3] 450. o 7 6746. 1] 3150
32 | 956. 2} 435.0 28 | 26782.0] 12180
28 | 593.2| 285.0 23 | 13650. 1] 6555
24 | 531. 3} 255.0 12 6381.c] 3060
20 | 421.2] 191. 1 1% 6322.2| 2869

Total of the Weights — —— 445820 : 241935
Ditlerence —~— —— 20388500 or 10594} ‘tons.
Diflesence cf the expences—1631081.

If to this we add the difference 26321 1. between the
brafs guns of the Royal George and the fame fet of iron,.
‘we get 189429 /. _for the difference between the expences
of the old and new fet. And if the number of guns on
board of the floops and thofe in the garrifons, as well as
thofe which ferve in the field, it may perhaps amount ta

as much mare, :
Hence
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Hencg every fhip may carry very nearly double cali-
bers of thefe new guns to thofe of the old ones, and
. that with fafety, and be lefs burthened at the fame time,
as has been fully proved : the great advantage of fuch
a change muft be plain to all fuch as are concerned in
naval affairs. I muft obferve one thing more, that the
fmall charge we propofe may appear infufficient in cali-
bers under a 24 pounder; but when -t is confidered,
that when fhips come to a proper diftance, the fmall
fhots have as much chance to penetrate the fhip as the .
large, though their effeét is le(fe in proportion ; but at
a great diftance the refiftance of the air is greater in
proportion as the diameter diminithes, as Mr. Robins
has rightly obferved. _ i

But as all commanders make, or ought to make a
point of it, to come clofe to an enemy before they begin
to fire, there is no reafon to fear but that thefe fmall
calibers are as ufeful as any others. o

Number
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Number and caliber of guns on board the feveral men '

ﬁf arney
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Conjiruﬁioﬁ fér light field pieces.

A rrom
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From whence it appears, that the weights of the
new conftruted picces nearly agree with thofe ufed at

refent : the lengths of the 3 and 6 pounders new are
ﬁfs, and thofe of 12 and 24 fomething more than the
Jengths of the prefent. 'We have hitherto ufed but the
four calibers marked above, and even the g2 and 24
very little, becaufe it has been found that thefe pieces,
placed on a level platform, and loaded with one-fourth
of the fhot’s weight of powder, recoil too much : yet
as platforms are never made upon any occafion without
a flope, and in an engagement are placed upon turf,
and the advantage of the ground is or may be taken,
the firing thefe pieces upon a level platform made of
ftore is not an experiment to be depended upon.

Thefe light 18 and 24 pounders may ferve in private
expeditions for battering pieces, efpecially whete the
road is very bad, and no heavy pieces can pafs, and yet
battering pieces are required ; which is the cafe where
a fort or any other poft is to be taken ; for no lefs calx
bers are efteemed fufficient to-make & breach, or induce
the commander to furrender. There have been much
lighter pieces mvade net mvany years ago, a§ a 6 pounder
weighing but three hundred and a half, and which
- carried its fhot very well with a pound and & quarter of
powder ; but it is imagined that they are attended with
in¢onveniencies in real ufe, for which reafon they have
- been rejected. : .

- Confirubtion of irom garrifon pieces.

- Let the length of thefe pieces be 18 diameters of the
fhot, ‘and the. reft of the conftruction be the fame as
that of iron fhip guns: then by a like computation as
before, we find 172% pounds of iron for every pound
of the fhot, and from thence we get the following di-
menfions. '

IRON
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IRON GARRISON PIECES.
Calib, | Lengih.| Weight, |

3| 432)4:2:1
‘JG\I- 5 3 9:1?0
9 6:0f13:3:12
sz‘ 6: 78 :2: o

11.2 7:6J27:3: 0

24 | 8:4lg7:0: ©

32 | 92049 : 2 : I}

42 f1o:o0f64:0: O

As the 32 pounder weighs aboyt the fame, and is
nearly the fame length as the old 24 pounder, it may
well ferve upon the fame occafion. As to the lengths
and weights of the other calibers, I irhagine them fuch
as are proper for the ufes they ar¢:’commonly applied to.
“The 42 pounder may alfo ferve near the fea, or in har-
bours, to prevent enemy’s fhips from pafling by, with
more advantage than 24 and 32 pounders, which are
chiefly ufed at prefent upon thofe occafions. ,

But if fome of the fmaller calibers thould be thought
too fhort, according to the prefent practice, they may
be lengthened fo rmuch as neceffary, without changing
any of the other dimenfions, which do not depend on
the length. .

Having given general conftru&ions for the feveral
forts of brafs and iron cannon, which are neceflary upon
different occafions by land or fea, in the moft plain-and

N ealy
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eafy manner we could think of (which none have yet
done) and as thefe conftru&tions. ate ‘grounded on the
moft plaufible reafons, fupported by theory and practice,
it is hoped our.endeavours will be of ufe to the public,
as expences are confiderably leflened. - For if the great
quantity of metal requiréd in all the guns neceffary to
the nation, |and the vaft number of horfes now ufed in
the field be’confidered, and that according to our con-
ftrution above one-third will be faved, as likewife a
proportional number of horfes, one would imagine thefe
advantages fufficient to'induce the dire@ors of thefe
affairs to examine well our fcheme, and to make proper
trials, in order. to be_convinced whether what is here
propofed is of any real advantagé or. not § at the fame
time guarding againft the crafty infinuations of ignorant
artifts, who find fault with improvements merely out of
a felfifh vanity, without judgment or knowledge.

As we propofe to- make chambers :in all guns .above
an 18 pounder, it may be objected, that.the difficulty
of loading them will prevent .their ufe; but as a ram-
mer may be contrived fo, as to load thefe’pieces as eafy

as others, the only difference being to put the powder -

in cartridges, which is more than recompenfed by faving
almoft half of it; befides, the pieces will not be heated
fo foon, and confequently they may be fired much
oftener without any danger of being damaged.. When
;all thefe advantages are well confidered, it will be found

that chambers in large cannon is an improvement not to
be neglected.

We mult obferve one thing more before we. leave this
fubje@, which is, that as we make the diameter of the
bore but one 24th part larger than that of the fhot
(whereas the common practice is to make it one 20th
part more) if the bores of the new conftryéted guns are
made as ufual, they will be fomething lighter than what

we have marked them in the preceding tables. But as

a fhot goes much truer when it juft fits the bore, and
does lefs damage to the gun, by not bouncing from one
| C gur hot ! O e
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fide to the other, it is to be hoped that they will ke made
in the manner we propofe.

It is true that fome artillery officers fay, that the
windage of a gun fhould be equal to the thicknefs of
the ladle; becaufe when it has been loaded for a while,
the fhot will not come out without being loofened there-
by, in order to unload it ; and when thns cannot be done,
it muft be fired away, and fo loft ; but as the windage
of a g pounder, according to our con&ru&xon, is .166
of an inch, this is conceived a fufficient thicknefs for
a ladle, and thofe of a higher caliber become ftill thicker
in proportion. But fuppofc this thicknefs is not fuffi-
cient, the lofs of a fhot is a mere trifle in refpeét to the
advantage got thereby ; befides, as there is always a wad
‘before the ihot, I do not fee that any duft or dirt can
get into the piece ; and therefore when the muzzle is
lowered, the fhot will roll out of courfe. .

There is another advantage in thefe general conftruc-
tions, which is, that the diameters of the fhots being
marked on brafs rulers at full length, and divided into
‘24 equal parts; they will ferve as fcales to draw the
draughts in full lengths for the ufe of the founders and
the carriage-makers, whereby the patterns may be made
with great eafe and exactnefs.

A

PART IIL
Confirustions of Mor TARS and HowiTZES:

ORTARS are a kind of fhort cannon of a

large bore, with chambers. Their ufe is to throw
‘hollow balls filled with powder, called fbells; which
falling upon any building, or into the works of afor-
tification, burft, and their fragments deftroy every thing
within reach. Carmﬂi’s are alfo thrown out of themy
which are a fort’ of thells with five holes, filled with
F pltch
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itth and other combuftible matters, in: order ¢o fet
guildings on fire ; and fometimes bafkets full of ftones,
the fize of a man’s fift, are thrown from them upon an
enemy, placed in the covert way in the time of a fiege.

Mortars are diftinguifhed here chiefly by the diameter
of the bore. For example, a ten inch mortar is that
the diameter of whofe bore is ten inches ; there are how-
ever fome fmall forts, as coehorns and royals ; the name
of the firft is’derived from that of the inventor.

Sea mortars, or thofe placed on board of fhips, are
longer and much heavier than the land. There is befides
another fort, cailed howitzes, of a German invention,
which differ from the former, in having their trunions
placed nearly in the middle, and being mounted upon
carriages like travelling gun-carriages.

~Prare II. Fig. 5.

The principal parts of a mortar are on the outfide the
chafe A, the reinforce B, the breech C, and the tru-
nions ID. In the infide, the part where the fhell is
ledged, is the bore; and the part where the powder is
lodged, called the chamber. The parts # #.

The figure of the chamber is made varioufly by dif-
ferent nations ; the Spaniards ufe chiefly the fpherie; the
French the conic, cylindric, and the bottled or concave ;
the Englyh make them in the form of a fruftum of a
cone, Each nation has its reafons, good or bad, to
prefer their make before that of others ; but whoever
confiders thefe different forms in an impartial manner,
and the reafons given by authors for adhering to one
preferable to others, will find, that nothing is lefs deter-
-mined upon true principles or experiments, than the
proportions of the feveral parts of a mortar ; we. fhall
therefore begin to give fome tables of their dimenfions,
and afterwards examine the different parts feparately,
as we have done in guns, in order that the reader may
diftinguith their perfections and imperfetions.

_ Dimenfions
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Diameter-of the bere —_
Total length of the mortar ~ —
From the mouth to the reinforce
Length of the reinforce _
Length of the trunions from end to end
Diameter of the trunions —
Length of the bore —_
Length of the chamber ~ ——
Greateft diameter of the chamber
Leaft diameter of the chamber -
Diameter of the muzzle ring ~ —
Breadth of the mugzle ring —
Breadth of the aftragals and fillets
Diftant from the muzzle ring —
Diameter near the muzzle aftragal
Diameter near the reinforce =~ —
Diameter of the reinforce —_
Breadth of the ogees —_
Diameter behind the breech aftragal
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Chamber -contains powder
Weight of the mortar =
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N. B. The extremity of the bore is made round, and
formed by an arc, whofe radius is equal to that of
the bore, and terminated by the lines which form
the chamber : the bottom of the chamber is femi-
circular, the outfide of the metal is determined by
a circular arc, defcribed from the fame center as
the bottom of the chamber, and touching the lines

drawn parallel to its fides.

As all the ncceffary dimenfions are fet down here’
accurately, the reader may eafily conftruct thefe mortars
by the help of ‘the plate, which fhews their form ; for
which reafon we fhall infift no farther upon them.

Dimenfions of Jea mortars in inches.
Diameter of the bore — — 13
Length of the mortar . — — 63
From the muzzle to the reinforce 21

reinforce - 18

Length of the dbore — — 24

chamber —— 21
Its greateft diameter —  — 8.5

Its leaft diameter — — 7

Breadth of the muzzle ring — 3
Of the muzzle, ogee, and fillet 19

From the muzzle to the aftragal o

Of the aftragals —_ — o

reinforce rings -— I

ogees next to them — 4.

Of the ¢ chacering — — 1.

chace ogee @ — — 2.

chamber aftragal o
Thicknefs of metal at the muzzle 4.7
At the muzzle ring —_—  — 53
Near the reinforce = — —_— 4.7
At the reinforce —_ — 8
Behind the reinforce —_— — 9.5
Trunions length fromend to end  45.4

15

NGO \O

Fig. 6, 7.
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Its greateft diameter  — — 12 o
Its leaft diameter — 10 8
Length of the part dxmlmfhed — 6 o
Chamber contains powde: 1 32 ‘ 12: 8
Weight of the mortar — C. 8r:1:18]32:3:7

N. B. The thicknefs of meral at the muzzle, and
near the reintorce, is taken from the lines produced,
which determine the bore o< the mortar 3 and
behind the reintorce it is taken from the lines,
which terminate the chamber. The round part or
the breech of the mortar is circular, and defcribed

" frcm the fame ¢rnt 1 us he bottom of the chamber
in the 10 inch, and fo as to come within 3.5 inches
of the end of the mortar in the 13 inch ; and in hoth
fo as to touch the oushines, which are drawn parallel
to the fides .f the chamber.

The reader may cafily pcrceive, that wherever ftands
an o in the two laft tables, there is no fuch dimenfion
in that mortar ; for there are mouldings in one which
are not in the other.

Dimenfions of How 1tz ES by inches. Fig, 8.

Diameter of the bore — =~ 10 8
From the muzzle to the reinforce 19:4 16
Length of the reinforce 11.9 10.7
Tortal length of the howitz — 50.4 374
o bore — — 29.2 25.9
Length of the chamber —_ 12.8 9-9
Its greateft diameter — — 65 4.6
Its leaft diameter —_ — 56 4
Breadth of the muzzlering — 1.7 1.25
From the muzzle ring to the aftragal 4.3 4.6
Breadth of the aﬂragal ' 1.3 -
Of the ogee before the reinforce 2. 1.4
Of the ogee behind the reinforce 1.7 o

F 3 . Of

~
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Of the aftragal — — 1.4 7
Of the bafe ring —_ — 1.8 1.25
From the bafe ring to the atragal 2.2 o
Breadth of the aftragal — 13 o
Thicknefs of metal at the muzzle 2.75 2.25
At the muzzle ring — — 5 34
Near the reinforce —_ — 34 2.6
At the reinforce ~ —  — 5.0 3.4
Behind the reinforce — — 4.4 2.5
Diameter of the bafe ring — 20 14.7
Diameter at the vent aftragal — 17.5 } 12.5
cafcable —  8.25 7.6
Diameter of the ¢ button — 7 2
: neck —_ 3%
- Breadth of the ogee and fillets I .9
Of the fecond ogee and fillets 1.6 .9
. firft fillet — 11,13 .
D}ameter of the 9 cond — . 6i 32
Length and diameter of the trunion 6. 4-4
From the fore reinforce to thetrupion 2. L2
Chamber contains powder 1b 18 4
Weight of the howitz — C. 31:2:20 | 12:1: 11

Remarks on the confirution of MOR TARS.

" OF all the parts of Artillery, the conftru&ion of mor-
tars is the moft variable and uncertain; almoft every.
* artillerift has fome favourite notion or other concerning
their figure. Mr. Belidor mentions, in his Bombardier
Frangois, four different chambers ; namely, the cylin-
dric, the {pheric, the conic, and the bottled; of thefe
he fays the cylindric is the worft, and the conic the
beft ; for, fays he, the vent being at the end of the
cylindric chamber, prevents the powder from taking
fire fo quick as in the conical one ; he alledges likewife
" another reafon againft the ufe of thefe chambers, which
is, that tliey arc feldom caft fo as their axis corrcfpoqdls '
with
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* with that of the bore, whereby the direction of ‘the fhell
becomes variable and uncertain,

But fince there is no neceffity for placing the vent at
the ‘end of the chamber, as he fuppofes, all his argu-
ments on that account can only be againft the prefent
practice, and by no means proves their badnefs ; and
had he confidered the explofion of powder as an elaftic
fuid, as he ought, he would have eafily perceived that
the direGtion of the chamber, with regard to that of
the fhells, is of no confequence, fince the action of
, fired powder is every-where perpendicular to.the furface
it alts upon. Befides, according to the experiments
I made, which are mentioned in the preface, the force
of powder, when fired at the end, is greater than when
~fired in the middle. I dare not however inter, that the
fame thing will happen in larger mortars, becaufe I have
found by experience, that we ought to depend upon
nothing but what has been found to anfwer in pieces of
the fame caliber ; and therefore all the different fizes of
mortars fhould be tried and examined, to determine
where the vent is to be placed in the mofi advantageous
manner. - C

We have proved in the fifth Theorem, and the ex-
amples that follow, that the action of fired powder
diminithes in proportion as the furface prelfed enlarges ;
the fame thing we have likewife found by experiments,
anld therefore the conic chambers are the very worft of
all. ‘ :

The late General Borgard made his chambers likewife
conical, terminating in a circular form at the bottom,
.as has been (hewn in the foregoing tables of the dimen-
fions; and fo as the fides of the chamber produced meet
the extremities of the diameter at the mouth ; imagining,
I fuppofe, that the powder aéts in right lines parallel to
the fides of the chamber. Though he was one of the |
braveft officers of his time, and ferved about feventy
years, yet his qualifications as an inventor were but very

moderate,
/ F 4_ '’ As
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- As to the advantage of -concave chambers of any kind,
it confifts in this, that their entrance may be made nar-
rower than thofe of any other form, and that this is a real -
ad .antage, we have proved both by theory and practice :
yet when the entrance is fo fimall as not to admit of a
man’s hand, they are not eafily cleaned; and if any
fparks of fire fhould remain, cannot be fo well extin-
guifhed ; for which reafon I would make them of this
form only in fea mortars, becaufe they are loaded with
la-ge quantities of powder, and in the lard ones cylin-
dric: fince thefe latter need be charged with but little

owder.

As to the vulgar notion, that mortars with concave
chan.bers, when fired, fhake their beds with great vio-
lence, and make the direction of the fheil very uncer-
tain, it is grounded upon ignorance, and deferves no
notice, :

The length of morstars is no more afcertained than
the reft of the dimenfions : the French make the length
of the bore a diameter and an half of the fhell ; on the
contrary, we mazke that of our land mortars two of
thefe diameters, and three in the ten inch fea mortar,
which caufes a great difference in the weights 3 for our
thirteen inch land mortars weigh C. 25 : 0 : 0, whereas
the French weigh only C, 13 :0: o.

It is a query, whether this difference produces any
material advantage in the ranges ; if not, it would be
unneceflary to make them fo long as we do, fince this
increafe makes them fo much the heavier. For the
fame thing (v:z. that thofe guns which carry fartheft
are not the beft) is alfo true in mortars; fince if they
carry-their fhells about i2 or 1500 yards with a mode-
rate charge, it i« in my opinion fufficient in refpett to
land miortars ; becaufe when they carry farther, the hit-
ting 'an obj & becomes fo extremely uncertain, as to
render that advantage ufelefs.; therefore all means fhould
be tried to make them as light as conveniently can [')I(:h
. . ’ A g
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The thicknefs of metal in the different parts of a
mortar, is as undetermined as the reft ; for not any two
forts are equally ftrong ; fome are as much too weak as
others the reverfe, and thole who have the direction of
‘thefe things are fo {l.ghtly acquainted with the common
- ‘principles of geometry, that when a mortar of any fize
1s made with proper dimcufions, and has been found in
pra&ice to anfwer perte@tly well, they cannot make
another either lcfs or larger, that fhall fill retain the
properties of the former, '

The reafon is, that commonly none but workmen are
employed on them, whofe knowledge confifts only in
imitation and guefs. For though a workman may be
very capable to execute the work, or to fee it done, yet
it can hardly be fuppofed that he is able to determine
the proper dimenfions of the feveral parts,

The parts of mortars are formed in imitation of thofe
of guns; for which reafon they make them with a rein-
force. ‘This only overloads the mortar with a heap of
" ulfelefs metal, and that in a place where the leaft ftrength
is required 3 yet, as if this unneceflary metal was not
fufficient, thcy add a great projeftion at the mouth,
which ferves to no other purpofe than to make the mor-
tar top-heavy. The mouldings are likewife jumbled
together, without any tafte or method, though they are
taken from architeéture. i -

As there has not the leaft hint hitherto been given,
with regard to'a general rule to conftruct all fizes of
mortars by, without which, the artillerift cannot poffibly
nnderftand what he is about, nor can he judge whether
he is right or wrong, whenever he attempts to conftruct
others of a different fize from thofe in ufe at prefent,
he muf remain in ignorance, let him take ever fo' much
Pains, we (hall give the following rules.

General
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\

General dimenfions for land mortays.

Plate III.  Fig. 9.

. bore —— 30 |30 {30
Diameter of the chamber — Jo |10 %o
bore — — 54 |45 |4o
 Length of the {chamber 22 |21 |20
From the end of the chamber to the ,
end of the mortar —  — }16 514
Total length of the mortar — 92 |81 |74
From the mouth a to the reinforce 5 30 [26 |22
Length of the reinforce 5¢ — 18 14 |14
Breadth of the § Muzzleringandfillets 3. 5| 3 3
ogee nextto it — 3 2 2
From the ogee to the muzzle aftragal 5 4 3
faltragal and fillets 2 2 2
. ogee before the re- . )
inforce —
Breadtb of the twoogees and fillets ]
behind the rein- & 6 5 4
o force S—
. at the muzzle 5 4.5] 4
Thicknefs of metal {ncar the reinforce & 5 45
~ (reinforce 7 55| 5
Thicknefs of metal at the chamber 12 |12 |12
muzzlering 6. 5| 5.5| 5
Diameter of the trunions 14 |13 |12
Lengthof the trunions from themortar ; 5 |14 |13
d |d |d
Chamber contains powder
' ' - 421 442 466
5d 2d | 3d
Weight of the mortar —
_ 6 3 5
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N.B. The chamber is cylindric, and the bottom a
femi-fphere ; the round part of the mortar is de-
fcribed from the fame center as the bottom of the
chamber. The letter 4 in the content of the cham-
ber and that of the weight of metal, exprefles the
cube of the diameter of the bore in inches ; that
is, d=1219% in a thirteen inch mortar, and d =
1000 in a ten inch.

The reader may fee that the diameter of the bore is
to be divided into 30 equal parts, for a fcale to fet off
all the reft of the dimenfions, The fame fcale ferves
to conftruc their beds, which renders the whole eafy
and uniform, a neceffary confequence of well fettled
jprinciples. '

Remarks on thefe dimenfions.

We have endeavoured to difpofe the metal in fuch a
manngr, as to make the ftrength of the parts nearly in
proportion to the forces which aét upon them: at the
chamber it is fufficient, though lefs than in moft mortars
now in ufe; for the thicknefs of metal there is greater
than its diameter, which is more than ever has been
allowed in any brafs gun whatever; it is true that the
effort alfo is greater, but then an allowance has been
made accordingly : we made a reinforce, merely to
comply in fome manner with the common practice,
though the mortar fhould be conical from the chamber
to the mouth, according to the action of powder, as
proved before ; however, the difference between the
reinforce and chace is no more than juft fufficient to
admit of an ogee, whereby the mortar looks more
graceful to the eye; at the mouth the projection is no
greater than is neceffary for the mouldings, more would
be fuperfluous, and make the mortar top-heavy; be-
fides, as we fuppofe it capable of being either raifed or
deprefled, and not fixed to its bed, as hitherto the cuftom,
that operation would thereby become mare difficuit.  As

(]
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to the vent, we do not pretend to determine its true
place, though we have always found the nearer it was
to the bottom the farther the fhell went; but as thefe
experiments were made with a three inch mortar only,
no juft conclufion can be drawn from thence with regard

to larger.

The cylindric figure of the chamber, is, in my opi-
nion, the beft for thefe kind of mortars; for though
we have fhewn that the ¢oncave figure, or thofe whofe
entrance was the leaft, will throw the fhell fartheft of
any with the fame charge; yet in this cafe, where but
little powder is required, their entrance would become
too narrow and inconvenient to clean; whereas when
they are cylindric, the difference between the advantage
of the one and the other will be but little, and not-
attended with any inconveniencies.

Colonel Defaguliers and myfelf . made feveral expe-
riments with different chambers, which contained the
fame quantity of powder, and‘we found that the cylin~
dric threw the fheil always farther than any other whofe
entrance was larger, and more efpecially when they were
not quite filled. We made likewife fome other expe-
riments, which were, by putting as much pewder as
would fill half the chamber into a cartridge made of
dommon writing paper, and when it was put into the
chamber, {o as to be clofe to the fhell, leaving a vacancy
at the bottom, it threw the fhell near twice as far as
when the cartridge touched the bottom, and the vacancy
was left between the fhell and the powder; we repeated
this experiment feveral times, and found always the fame
effect.  Another remarkable thing happened ; I put a
piece of common writing paper upon the powder, the

- chamber being but partly filled, and the fhell went much
_ farther than with the fame charge when there was no

paper. . Laftly, we compared two chambers of the fame |
content, the one cylindrical, and the other conical ; they
had both the fame height, and the diameter of the bot-

tom of the conical one was but half the diaméter of

4 the
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the entrance, and when thefe chambers were not quite
full, the cylindric one threw the fhell much farther than
the other, and this happened as often as the experiment
was repeated. Whoever confiders thefe experiments with
fome attention will find, that we know very little of the
" effects of gunpowder as yet, and that we ought to de-
pend upon nothing but what has been tried.

That our chambers hold a fufficient quantity of pow-
der, for any occafion whatever, has been proved by
expériments ; for I fired a three inch mortar, with an
ounce and a quarter of powder, atan angle of elevation
of 45 degrees, and the fhell went 1200 yards; and
fince our mortars are fimilar to that tried, the powder
will give the fhell the fame velocity ; but becaufe the
refiftance of the air is in this cafe inverfely as the fhells
diameters, the three inch fhell will meet above four’
times the refiftance of a thirteen inch fhell ; from whence,
and fome other experiments made upon Woolwich Com-
mon, with the prefent thirteen inch mortar, I conclude,
that the fhells in ,our mortar will range about a mile,
which is more than is wanted ; for when the ranges are
greater, they are fo uncertain, and it is fo difficult to
judge how far the fhell falls fhort, or exceeds the dif-
tance of the objet, that it ferves to no other purpofe
than to throw away the powder and fhell, without being
able to do any execution. . '

The firft of thefe mortars is of the fame length with
our land mortars ; the fecond with the French ; but the
third is fhorter than either. The reader may eafily fee,
that thefe dimenfions are general for any fize of mortars
whatever, as all conftructions ought to be, whereby they
become all alike ; and confequently one of them being
‘found ftrong enough by practice or experience, all the
reft will be fo too ; which can never be the cafe in par-
ticular conftru@ions, as hitherto has been the cafe in all
countries fo far as I know,

Te



8 ARTILLERY.

To find the ;tvet;gbt of metal.

The fquare of the mean diameter 41 of the _
muzzle part, multiplied by 30, gives — } 50430
The {quare of the diameter 44 of the rein- ] 848
force, multiplied by 18, gives - 34°4
The fquare of 34, the chamber part, mul-Q 68
tiplied by 34 3, gives —_ _ } 39°¢9
- Fourtimes the trunion 2940, for the trunions 66
and mouldings — —_ _ } 11700
Sum total in cubxc parts of the diameter of 6
the bore —— }xg 727
The content of the bore in like parts is — 44100
The content of the chamber is _— 2033

S— houe——

} 90594

The two laft fums fubtracted from the con-
tent of the mortar, leaves

This reduced in the ratio of 452, to 353,
of the fquare of the diameter to the circle, ¢ 71152 °
gives —_— —_— —_—

Then as 192 cubic inches weigh 61 pounds
of metal, we get —_—

But as the diameter 4 is dmdcd into 30 equal parts
if we fay, as the cube of 30 is to the cube 4, fo is 22605
to the weight of - the mortar of the firft fort, 1t will be

22605

found to be gd nearly. In the fame manner are

found the weights of metal of the other two mortars.

T0 find the contents of the chainbers.

The fquare of 10 multiplied by the length, reduced
204, gives 2033 in the firft mortar; but as the dia-
meter is divided into 30 equal parts, if we fay as the .

cube of 30 is to the cube 4, fois 2033 to 337_0%36 d,
go
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get the cubic parts of the diameter. Now, becaufe the
diameter of a cylinder, which holds one pound of pow-
der, is 3.165, according to Sir Fonas Moor, if we divide
the laft number by 31.7, the cube of that diameter, we

thall have 82033 d, for the content of the chamber;
559900

R . 4 :
which being reduced, gives 221 T 5o nearly. In the
fame manner are found the contents of the chambers of
the other mortars.

In order to compare thefe mortars with thofe ufed at
prefent, we fhall infert their weights and charges in the
following tables.

Weight of the new mortars.

Diam. 13 10 8 6

Firft 16:1:107:1:21{3:3: 6[r:2: 11

Second |i3:0: ofg:3:22[3:0: or:r: o

Third 11:3: olg:1:12[2:2:271:0: 15

Weight of the powder.
Diam. 13 1o | 8 6
Firft 5: 32: 6 1: 300:8.2
Second 4:15 2: 4 1: 2/0:7.8

Third* | 4211l 2': 2l 1: ilo:7.4

Weight
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‘ W;igbt of the prefent mortars.

Diam, | 13 0 |- 8 5.8 | 46 |
Wt. f25:0:’010:2:18"4:0:101:1:00:3;0
Cham. { 9:1:8] 4:0: o| 2:0:10l1:0:0l0:8:0

Hence if we compare the weights of our mortars with

_ thole of the prefent ones, we fhall find the difference be-

tween the 13 x_nch to be, 8:2:18; between the 10 _
inch, 3:0:15, and’ berween the 8 inch, o:1: 4.
Now .as the difference between the wcmhts of the 13
inch mortars, is much greater than between any others,
it is evident they are much heavier in proportion than
they ought to be, in refp' & of the fmall ones 3 it ap-

ars therefore, that no true proportion has been ob-
ferved in their conftruction.

Though our mortars are fo much lighter than ‘the

. prefent ones, yet I may affirm, they are equally ftrong,

‘becaufe they are as thick at the chamber as they need be 3
and at the muzzle, or where the lcaft thicknefs is, ours
are ftronger 5 for the 8 inch mortar is but an inch in
that place, whereas ours is 1 inch and a third ; the 10
inch, is ¥.6 -inches thick, ours 1 %; and as to the rein-
force, it is loaded with more metal than it need be,
fince the force of powder is very lictle more there than
at the muzzle, But the difference between the weights
arifes. chiefly from the chambers, which are both wider
and longer in the prefent mortars than in ours, and there-
fore they require .more metal.

 Géeral Dz'ézenﬁo,m of bowitzes. Fig. 11.

Diametér of the bore, —_— 30| 30 30
Lx¢ngth of the bore, —— —— 90| 9o 97-5
Diameter of the chamber, =—— 15} 15 | 15

sak . ‘ Length
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Length of the chamber, «— —— 331 33 | 33
From the muzzle a, to the rein+ : K
“force b, _ ~—— 50| g0 | 54 4

Length of the reinforce b ¢,~—— 34| 34 37
From the reinforce ¢, to the end E
of the howitz, 50] 50 50
Total length of the howitz, ——— 1341 134 | 141.§
Thicknefs of the metal at the '

muzzle, —_— —_ 8 4 8
Thicknefs near the reinforce,—— 9| - 8 9
Thicknefs at che reinforce, —— 10| 9 10
Thicknefs at the chamber, —— 16{ 15 16
Breadth of the muzzle and bafe - : :

ring, fillets included, ———— 5| 5 {05
Breadth of the ogees, that behind

the reinforce excepted,
Diftance between the muzzle and

breech, ogees and aftragals, — 6 6 7
Breadth of the aftragals and fillets, 3] 3 3
Breadth of the ogee behind the re-

3.5(35 3.3

inforce, 6| 6| s
The muzzle and bafe ring proje& ]
the metal by 1.511.5 1.5

Lengsh of she trunions — —— .48 | 18 | 18
Diamete: of the trunions — —— 15§ 15 15
Diftance of the trunions from the
fore end of the reinforce, —— 5| 5 3

d d

il

Thechamber contains powder, ——116 | 116 | 116
Weight of the howitz,  —— 2.25d | 1974 | 2.4d

‘The cafcable is 24 parts long, the radius of the buts -
ton 8, the ogee and fillet included 4. .

The reader may obferve, that for want of room ‘in the
plate, the button could not be marked, which he may
eafily fupply from the given dimenfion in the fame man-

" ner as in guns,
: G The
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+ Weight p2d, [38:.2: 8{17:2: 3.| 9:0: 0 |3: 2:24

81  ARTLLLERY.
The dimenfions of the firft howitz are nearly the fam&

‘as thofe of the prefent, the chamber part excepted; the
reinforce is not fo ftrong as it is commonly made, with-

out any ground or reafon,. becaufe the force of explofion
atts but very little more there than at the muzzle. The
dimenfions of the fecond are lefs, and yet I am per-
fuaded fufficient ; for a 6 inch howitz is an inch and .4
thick near the muzzle, whereas the prefent 8 inch mor-
tar is barely an inch in that place ; for which reafon I
would prefer the fecond fort before the firft, becaufe
there can be no reafon affigned to load them with more
metal than is neceffary. .

The third fort is a quarter of the bore’s diameter
longer than the other two, and the reft of the dimen-
fions the fame as the firft ; hence the artillerift is left to
his choice to ufe which he likes beft.

Weight of the bowitzes and powder.

Bore, =—— 13 10 8 6

9ft, {44: 0:13/20:0: g j10:1: O |42 1: 5

3d, 47:Ao:‘ 721:1:1;1. 10:3:13 [4: 2: 6

e —

Powder, 183-15: of 8:9:14 4:6: 9 |1:13:12

Weight cof the prefent howitzes and powder,

Bore, —| 10 . | . 8 58
Wc.}'.gbt,,;,_ 31 326 12:1:6 |4:0:18

IR IR FT

IJJ@’@’E?HLIBLO)Q 4:0:0 |1:0: O

..

e From

&0 . e
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Frori thefe tables of the weights of howitzes, wk fee
that the prefent 10 .inch weighs about ' one third mote
than it thould do in refpect to the 8 inch, for the weights
fhould be in propodrtion to the cubes of the diameters.
Now the cube ‘512, of 8, is to the cube 1000, of 10;
as the weight 12: 1: 6, of the 8 inch; is to the weight
24 : 0 : 3, which (hould be the weight of the 10 inch,
Whence it evidently appears, that no better propor-
tions have been followed in conftrufting howitzes than
mortars, , L

This fuperfluous weight of the 1o0inch howitz has ocs
cafioned its difufe; at leaft thefe 25 years; whereas by
obferving a due proportion, and fuch as our fecond fort;
not only a 10 inch but even a 13 inch might have been
ufed, if it had been thought proper. It may be obferved
again, that though ours are fo much lighter than the
others, they are full as ftrong, becaufe the metal is better
difpofed over all the parts, and there is not that ufelefs’
lump at the muzzle, reinforce, and trunions, as in
thofe made at prefent. ,

It is to be wondered that no greater ufe has hitherto
been made of "howitzes, fince the fhells may do execu-
tion likewife as fhots, and befides grapes of fhots; or
fhells, might be fired out of them to more advantage
than out of guns, efpecially in'a fiege where the diftance
is but fmall ; and in the field, if they were placed in
the flanks, or between the battalions ; the terror they
would caufe, efpecially amongft the horfe, by rolling
amongft the ranks with the fufe burning, and the ex-
pectation of their burfting every moment, would dif~
order the braveft men, by means whercof they might.
eafily be broke, and the day thereby won.- :

In a fiege where the works are not: lined with walls, ot
when the walls are once battered down by cannon, there
can be no fpeedier way to complete the breach thanby .
firing fthells into them ; for they will Todge in: the earth,
and when they burtt witl produce- the _fame effect
as mines. This prattice has been recommended by

G2 St. Remy,
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St. Remy, and the Fremch followed it in the fiege of
Bergen-op-zoom, where they chiefly ufed mortars, mounted
upon field carriages for that purpofe; befides, when you
are pretty near the enemy’s works, grapes made of fhells
will do wonderful execution, as I have been affured by
fome artillery officers, who have tried it, and found that
all the fufes toek fire.

. - As howitzes are eafier carried from one place to an-
other than mortars, which require alfo a3 good deal of
time to prepare the ground, to lay the beds, and mount
them, the ufe of the former would be more convenient
than the latter in all cafes, except in throwing fhells

upon powder magazines. It may be obferved, that the

wheels and axletree of the prefent 10 and 8 inch howitz
carriages, are of the fame ftrength as thofe of a 24 .and

18 pounder’s carriages, without any judgment or rea- -

fon. For fince the wheels of an 18 pounder’s carriage
fupport a weight of 48 :0 : 0, which is juft four times
the weight of the 8 inch howitz, there.-is not the leaft
proportion obferved between the weight and the firength
to fupport it ; it is true, that an 8 inch fhell is heavier
than an 18 pound ball, but when it is confidered that the
force of ‘the fhell affes the carriage in its recoil only,
and not at all the wheels; this can be no reafon for
making them fo ftrong as has hitherto been the cuftom.
T - Of fea mortars.

As thefe mortars are generally fired at a much greater
diftance'than everis required -by land, they are made
fomething longer and ~much- heavier than the land.
Their: proper dimenfions: €an only be determined frem
their ¢harges of powder. The chamber of the prefent
13 inchrholds 22 pounds ‘of - powder, though the late

Genergl Borgard told- mie; he- never made ufe of more

than {2 pounds, -and-as hethad.more experience in thag
fervice than ‘perhaps any other; wemay depend on what
5 ‘l ) B ) - ) be

e ¥
shase,

——————
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Xe faid; befides, fome very expert officers empleyed in

the late war affured me, they never exceeded the charge
of ¥5 pounds. Now, as this chamber is never half' ﬁl}ed,
the powder won’t act fo forcibly as if there ‘was ne
vacant {pace between the charge and the thell ; it is
therefore plain, that a charge of 12 or 15 pounds of
powder at moft will be fufficient ; befides, this cham-
ber being eonical, and is greateft bafe two thirds of
the diameter of the bore, leflens the force of powder
confiderably, and more fo when not filled, as Colonel
Defa dgujzers and myfelf found by feveral experiments

with fuch a chamber, and compared with a cy-
hndrxc one of the fame content. This being an un-
doubted fa&, the following dimenfions will, I may ven-
ture to affirm, be fufficient in all refpecls.

t

General dimenfions of fea mortars.  Fig. 10.

Diameter of the bore divided into — — 30 30
Length of the bore, —_ - — 75} 75
Diameter of the chamber, —_— — 15 15
Length of the chamber, - — - 33 33
From the end of the chamber to the end of
the mortar, - — L — 20 20
Total length of the mostar, — —128] 128
From the muzzle a, to the the reinforce b, 43 43
Length of the reinforce be, — — — 28 28
Thicknefs of the metal at the muzzle, mouldf .
. ings excepted, —_ e
ncar the remforcc, — 9 .~ 8
Tiucknefs of mctalgat the reinforce,  — 10, ,. 9
: at the chamber, — 16} .16
muzzle ring and fAllets, — 4| 4
Breadth of the ogee next toit, and. otchat | |
befote the reinforce, — .31, .3
Diftance from the oges to the muzzle aftras |
gal,. ' — — -— 6 - 6 .

'G 3 Breadth
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: aftragal and fillets —
Bre dth of the {ogec behind the r,emforce, 4

3
4
The muzzle ring projects the metal, by —1.5| 1.5
8
Q

Diameter of the trunions, —_ — 18 1
Length of the trunions from the mortar, — 20 2
i - d d

‘The content of the chamber, — —126 | 126
: Wcightof the metal, -_— —2.14 ] 1.84

The arcs which determine the round part of the
mortar are defcribed from the fame center which de-
termings the bottom of the chamber : the weight of
mctal and that of the powder which the chamber con-
tains, have been found in the fame manger as in the
guns, allowing four times the value of one trunion for
ghe trupions and mouldings.

Weight of [ea mortars and powder,

Piameter of the bore, 13 10

Weight of 4 the firft new mortar,{41:0: 19[18:

the fecond, 35:1: 2[{16:
prefent mortars, {32:0: of12:
New mortars, — 17:7: o] 8:

{prcfcnt fea mortaré, Br:r: 18 g.z :

Powd. cont.in

.-
.

O 0O W
1la oo~

The epormous weight of the prefent 13 inch mortar
proceeds from the antient notion, that thofe pieces which
throw a fhell fartheft are the beft ; for which reafon the
artift imagined, that the heavier thcy were, the farther
they would ¢arry. 'But by the account of all thofe ar-
tillery officers whom I have converfed with, and who
have been employed in that fervice, the fhip or bomb-
ketch is not able to bear the thock of thofe mortars,
when loaded with their chambers full of powder ; and
ponfcqucntly it is ridiculous to make them fo heavy.

The
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- The firft of the new mortars is as ftrong at the muzzle
as the 10 inch prefent one, and confequently ftrong
enough uvpon all occafions 3 and I may venture to
affirm, that the fecond fort is fo tod; fince it is above
twice as ftrong as the land. With regard to the fize of
our chambers, we have fhewn before, that they never
ufe above 15 pounds of powder in bombarding ; we:
have likewife proved in the theory of powder, as well as
by feveral experiments, the great advantage a cylindric
chamber has over the conic when'the greateft bafe is
uppermoft, fo that there cannot remain the leaft doubt
but that our chambers are full as large as they need be
on any occafion, ° .
. It may appear ftrange to fome of my readers, that
mortars fo much lighter than the prefent fhould be near
equally ftrong. I account for it in this manner, their
chambers are near twice as long as ours, and as the
thicknefs is very great in that place, there muft needs be
a great deal more metal there than is neceffary ; the fame
thing may be faid with refpe& to the reinforce part,
which without any reafon is made about twice as ftrong
as the muzzle part; though the force of explofion is
nearly the fame in both places. This was never con-
fidered in the conftrutions of old mortars,
- In the bombarding of Havre de Grace, the mortars
were fired quick and with a full charge, by which they
were fpoiled and rendered ulfelefs in a fhort time 3 for
. the vents grew fo large, and the metal melted in the
chambers, that it would have been dangerous ta fire
them any more, and fo were rendered entirely ufelefs.
. It has been obferved both- in guns and mortars, that
the great thicknefs of metal, inftead of being an advan.
tage, renders them fooner ufelefs. For at the battle &
Lafelds feveral 6 pounders, that weighed 1goo, were
fpoiled, and the light, which weighed but 4:3: 0,
received no damage ; and our fea mortars generally
. fail when much fired with great charges; whereas the
land, which do-pot weigh one third of the others,
i fcarcely
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farcaly ewer fail : the reafon of. this is imagined to be, that -
thin metal heats not imperceptibly fooaer' than thickeey
and cools much fooner ; and when thick metal is once
mych heated requires a lopger time in loading, and con~
fequently accumulates the heat to fuch a degree as to
make- it incapable to refift the Ihock of thc ﬁre This
i conﬁfmed by expenenee. :

Plam IV Iﬂg 12,

Thc foliowmg mortar with a concave chambcr s I
think, preierahle to the two former; the bafe ab, or
cd, is ten parts; the diftance between the linesab, and.'
cd, is 26 parts ;5 .and its greatcft tran{verfe dimmeter 20;
the thicknels of meral at the chamber is 16 parts, as be-
fore'; the qutfide form is fimilar. to that of the chamber,
and all the;other dimenfrons are the fame-as thofe of the
firft of the two preceding. mortars.  This. mortar will
weigh nearly as much, :and its chamber contain the fame
quantity -of powder as the firft ;- but ds the entrance of
i is.to that of the former, as 4 to g, the powder will at
with a greater_force 3 for-which reafon it is preferable.

- As the entrance is wide enough to introduce the hand,'
and clean it witheut any inconveniency, it may be loaded
with as much eafe-as any other ; whereby we awoid sthe
objection made by fome againft- thefe kinds of cham.

. As ta the.placing the vent both in guns and mortars
in_the beft manner, I muft confefs it is beyond my
knowledge:;..and itiappears toime, that nothing but ex-
periments can determine it ; for thofe I made with two
fasil fnottars appear {o cantradictory-to theory, 'and the
notiom we have: in refpet to the explofion of powder,
 that 1 am more uncertain. than ever; and it is very
probable they.will vary more in thofe of larger calibers,
for whicli: resfan we leave:it undetermined. ' I fuppofe
1tphxallehk pxecedmg dremghus, ;m:tty near the end of the

03 S20G Ly F0SL I ser - '» chamber ¥
LTI - '
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chambery becaufe the few experiments I made ﬂuwed
thtt to be the beft place in fmall mortars. ‘

Swerus. Plate TV. Fig 14.

As the dimenfions of fhells are uadetermined, and no
ortion obferved therein, nor i¢ it known how much
the thicknefs of the bottom ought to exceed that at the
fafe hole, fo as they may burR in the greateft number
of pieces, we have in the following dimenfions obferved
the proportions of she prefent 13 inchones; fo that if
they are right, we are certain that ours wﬁl be fo
too; but if it fhould fo happen, that the fhell of
any other caliber is found to have a better proportion
than that we have made wfe of, the general dimenfions
may eafily be made in the fame proportion, by faying,
the diameter of the fhell is to 30, as any part exprefied
in inches, is to the fame part, expreffed in parts of the
diameter divided into 30 equal parts, ’
of the bore, - ‘30 -
Diameter {cd of the fhell, e =i 29.5
of the hollow fphere, — 4
. of metal at the fufe hole, ———— .
Thickne(s  2¢ the bottom or oppofite part z g

Dlamctcr a b of thefufe hole, r——m mowess 4
N . y o ‘d
- The weight of the fhelt unloaded 1LY

Weight of the powder the fhyell comams- 236. 5

The fufe hole is conical, and when produced, ter-
minates at the extremity d. of uhc dumctcx c d, whxch
pafies through the center, ‘

There are two handles of hammered iron ﬁked in the
mould when they are caft, which faften o the fRell, and
ferve to lay hold on when; ‘the - morear:is Tobe loaded
thereby, as likewife to ¢arry them from one place to han-

otoer,
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other. - In France thefe handles are caft iron; but this
renders them clumfier, and liable to break fooner than
the others. The letter d ftands here for the cube of the
* diameter pf -the bore, as well as in the conftru@ion of
mortars.

. Twa reafons are given for making fhells thicker at
the -bettom than at the fufe hole ; one is, that they are
thereby better enabled to refift the fhock or impreffion of
the powder that difcharges them ; the fecond, that the
fhell always falling with the heavielt part undermoft,
the fufe will of courfe be uppermoft, and therefore will
not be extinguithed by its fall. Both thefe reafons are,
in my. opinian, of, no confequence ;. for if the fhells.
were every-where equally; thick, and of the fame weight
as .thofe above-mentioned, -the. blaft of powder lodged
in the chamber would hardly be able to break them ;
and as o the fule falling uppermoft or not, that is of
no detriment, fince the compofition of fufes is fuch,
that nothing but an abfolute ftoppage from the air. is,
ablg, to choak .them ; for.they burn in water as well as
anyother. element; for which reafon I would make
them. every- where . equally. thick, becaufe they would
then burft intg.a greater number. of pieces. But to be.
certain, it would be eafy to make the experiment. -~ .

The quantity of powder they ought to be filled with,
fo as to burft into moft pieces, is not known; but moft
arti)lerifts agree that they fhould not be quite full ; and
Colpael Defgguliers, after having made feveral experiments, -
imagjnes, that two thiids of the weight which would
fill them is the quantity they (hould be loaded with,

Weighis.of the peefent foells and power,
Borg 13 ] o d,8 | 58] 46

- — —
v — er s ANTOT PO ST
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W’e:gbt; 0f tbe new jbells and powder, :

B:m-é, 13 | 10 8 5.8 46

Wrt, [r:2:350:2: 2710111 14/0:0316/0:0:i8

Pewd |9 4 ‘84'3' 2:2:;.00‘13'3o~6c-9

lt is to be obferved, that the wmdage of the prefent
thells is a quarter of an inch, let them be great or fmall,
which is contrary to all reafon ; whereas we allow ;%
part of the bore’s diameter, which is fomething lefsin a
13 inch one,  and -decreafes in proportion to the theli’s
diameter ; whereby our fmall Ihells become fomething
heavier than the prefent. :

There is another kind of mortar which ferves to fing
ftones into an enemy’s works, when near at hand 5 fuch
as from the town into the trenches in -the covert way, or
upon the glacis, and from thefe trenches into the rown,
or ravelins, As we have none of thae fort here, Ifhall
give fuch dimenfions as agree nearly with thofe men-
tloned in §z. Rmy, whofe d:ametcr is 15 mchts '

Dimenfions of j}om mortars. Fig. 13

Dlame;cr of the bore, : S == 30 !
borc - i RSO g

Length of the { chanzba e g,

Its greateft diametet -~ —— el g

—

Its leaft diameter, ,
Diameter of the cyhndnc part to hotd i3\

B T

{

T
J » ey

wooden tapeon, S 14 .
Depth-or axis of that cylinder, ''—— —— | g
From the muzzle to the reisforce —= —— | 20,4,
Lengthofthc reinfofce” = il L gl
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muzzle, — — 3.5

Thicknefs of the metal at the d TPorces é:,— -5
entrance of the -
chamber, — 6
The chamber enters into the trunions,’by — 2
Diameter of the trunions, ——— 40
Length from end to end of the trunions, —— " 40
muzzle ring and ﬁllcts, —_— 3
Beeadth of thed chamber bdt, — — = 2

ogee next to this bclt — 3d '

Content of the chamber, 1102

) . St et—

Weight of the metal contained in this mortar, . 3.

The bore is terminated by two. quadrants of = circle,
terminated by the reinforce and lines drawn froms the
ends of the cylinder made tw lodge the tapeon paraliel
to the axis of the montar.; and the round part on the
outfide are arcs deferibed from centers, taken in the hne
which terminates the reinforce, and fo as to meet the
extremities of the belt. The bottom of the conic cham-
ber is terminated by an arc of 6o degrees, and the round
part of the outfide is a femicircle, -

Thus a 15 inch ftone mortar weighs 10: 3 1 4, and
the chamber contains 3 pounds of powder; this agrees
very nearly with the Fresch mortar of the fame fize,
which weigh 1000 pounds. When it is confidered that
we made the chamber part ftronger thao theirs, we con-
ceive that this mortar may lkewife ferve to throw
bafkets full of hand-grenades, which will be much more

_dangerous to an eaemy than ftones.
The reader may eafily perceive, that the conic cham-
" ber is very proper here -in this cafe, as a grea force is
nct fo much required as the extent of that force againft
the tapeon, for fear it might break it in the middle.
The
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'The form of the bore at the bottom being different from
that in other mortars, is -likewife adapted here to the
bodies to be thrown out of it ; baflkets are made to fit the
bottom of the bore, which, when filled, arelet into the
mortar by means .of two handles, in order to load it
quicker. The {tones generally made ufe of upon this oc-
cafion are pebbles the bignefs of a man’s fift, and as
round as can be found. But as we faid before, hand-
grenades or fmall fhells made for that purpofe, of about
two or two and a half inches diameter, will anfwer the
purpofe mauch better than ftones. This has been prac-
tifed at Bargen-ep-zeom with a common meortar, and fuc.
ceeded to the fatisfadtion of the artillery officers who
tried the experiment.

Having thus given general conftruétions for mortars
vied on all different occafions either by fea or land, it re-
mains to {thew in what the uk of howitzes differs from
thatof common mertars ; as they are carried upon gun
travelling carriages, they are eafily tranfported in the
ficld from one place to another, and are more readily
fired than the others ; they hawe likewife another ad-
vantage, which is, that they may be laid to any eleva-
tion, whereas the common mortars are fixed upon their
beds at an angle of 45 degrees, whereby they are not fo
uleful in a fiege : for the fhells thrown into the works,
either from the trenches into the fortification, or from
the fortification inte the trenches, thould always be di-
rected in a lefs elevation than 45 ; and when they are to
be thrown upon powder magazines, or any other build-
ing, with an intention to deftroy it, the elevation fhould
be greater, in order that they may fall with moreforce.

All thefe confiderations are feeming advantages in fa-
vour of the howitzes ; but'if we confider that a 10inch
howitz 'weighs confiderably more than a 13 inch mertar,
and-an 8 inch ome more than a 10 inch mortar, it is
eafily perceived that the ufe of howitzes is not fo fuperior
to that of the common mortars as is imagined by moft
artillerifts, A to the different degrees of elevations in

) : which
\
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which they may be direted, it is a property that mortars
ought to have as well as they. For there is not the
* leaft gccafion to fix them on their beds fo-as not to be
moved, fince no nation but this does it ; nor to lafth
them on- their beds with fo much cordage, as if their
wieight'was not fufficient to keep them in their fituation.
The reafon given for this practice is, that if they were
not lathed to their beds they would kick up before, and
fall backwards, which is trifling, and inconfiftent with
the rules of mechanics; befides the French mortars,
which are much lighter than ours; and are not tied,
never overfet ; and as no natjon makes more ufe of
them " than they do,. it is very improbable they fhould
negle& a thing of that kind if there was any neceffity
for it. '

As to the advantage of carrying howitzes upon tra<
velling carriages, it is as infignificant as the reft, fince
no reafon can be given why mortars may not be carried
in the fame manner. ‘Thatthis may be done, appears
from the pratice of the Fremb during the laft war.
But what will not people do to fupport an old cuftom
let it be ever fo abfurd ? - :

ol

PART IV.
" Confirustion of Jhip and travelling carriages.

T HERE are three differet forts of gun carriages ;.
namely, thofe ufed in garrifons, at fea abeard
thips, and in the field. The two firft differ only in fome
iron. rings,. and alfo that the tmycks- or wheels of gar-
rifon cagriages are made,of. calt iron ; whereas fhip.
carriages; are .of wood 5.but the. reft of the conftrution.
N R -

ot o b S AT SIS

Conftruction
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Confirustion of fbip and garrifon c:arffiqge}:._f ) l’
Plate V. Fig. 15. R

In a line A B, take two points C, D, fo as -their in-
terval be equal to the diftance from the-center: of the
trunions to the extremity of the breech, thatis, equal
to three fevenths of the gun’s length ; through thefe
points draw two lines at right angles to A B ; in the firft
take CE, C F, each equal to half the diameter of the
fecond reinforce ring ; and in the fecond DG, D H
each equa) to half the diameter of the bafe ring ; then
the lines drawn through the points E, G, and ' F, H,
will determine the widch within of the carriage..

If to thefe lines there be drawn two parallels at a cali-
ber’s diftance, they will determine the breadth of the
fide pieces ; and by fetting off from D to0 B, the length
of the cafcable, and from C to A, half the diameter of
the trunions and half the diameter of the fore trucks ;
then will A B be the length of the carriage, - -

The line E F pafles through the center of the tru-
nion holes, which are a caliber, and whofe: center is a
quarter of an inch below the upper furface of the fide
pieces. On each fide of G H fet off 6_inches for the
breadth of the axletree, which is always 12 inches
broad ; and the fore part of the trunion holes is the
center line of the fore axletree, whofe dimenfions; as
wc;ll as thofe of the trucks, are given in the following
table. : : ' ’

1

Fig. 16, - BRERLA A

The height of the fide- piecés is 4% diameters of the'
fhot before, and half that height behind ; and if *half
the length of the fide pieces be divided into four equal
parts, beginning at the hind end, you will have the
fteps ; the quarter-round is taken from the fore part.
The lower part of thefe pieces is hollowed in the form

- 3 of
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of a circular arc, in order to make them fomething
lighter witheut diminithing their ftrength. Both axle-
trees are funk into the fide pieces in the manner repre-,
fented in the 17th figure ; and as to the tranfom, we
chufe to place it dire&tly over the fore axletree, it is a”
diameter of the fhot broad and two high, and placed ex-
aétly in the middle of the height of the fide pieces;
though it is cuftomary to place the fore part in a line,
pafling through the center of the trunion holes, and fo
as to project the axletree by an inch, and the lower edge
to tauch the axletree.
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Thefe dimenfions are exprefled in inches and deci-
mals 3 and as the a'ms of the hind axle-tree have the
fame dimenfiops s thofe of the fore ones, they have
been omitted, as well as the height behind the fide
pieces. a ‘
It may be obferved, that thefe dimenfions were ufed
in 1748 ; but if the guns are made different from thofe
at that time, the lcngth and width of the carriages will
likewife differ. The height of the fide pieces and the dia-
.meter of the trucks depend on the height of the port-
holes in fhips from the deck. Thofe of the lower tiers
ought to be fuch, that when the breech of a gun lies
upon the hind axle-tree, the muzzle of the gun thould
touch above the port-hole, in order that it may not puth
. the fhutter open whep the fhip rolls in ftormy weather.

1 General confiruciion of carriages for new guns.

We,_fuppofe the diameter of the fhot to be divided
~ into 24 equal parts, as in the conftruétion of the gun, fo
* that .thé guns and their carriages may be conftructed by
the fame fcale ; which is both more methodical and eafier
for the reader and the artillereft. : :
This being fuppofed ; take C D equal to 6 diameters
of the thot and 10 parts ; and C E, CF, each equal to
34 parts, as likewife DG, D H, each equal to 39.5;
the breadth of the fide pieces is a diameter or 24 parts ;
D B to adiameter and 12 parts; AC to 2.5 diameters. °
The breadth of the fore axle-tree is 30 parts, its length
64 diameters ; the length of the arms 44 parts, and
their diameter 24. In the elevation, the height before
of the fide pieces is 4% diameters, and behind half that
beight 3 the height of the fore axle-tree is 42 parts, that
of the hind one 30 ; the bed bolt paffes under the middle
| of the fourth ftep, and even with the laft or hind ftep.
"The breadth of the wooden trucks is always equal ‘to
| that of the fide pieces, which is here one diameter or
24 parts; the diameter of the fore ones 4 diameters,
H and
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and that of the hind 3 diameters and a half : but we have
obferved before, that if the port-hois in thips are made
higher or. lower, thefe diameters muft ' increafed or
diminithed. - =

The French make ufe of a carriage on board of fhips
with two trucks before'only, and are preferred by many
officers to thofe of 4 : I had fome of them made, which

feem to anfwer very well; they are nearly of the fame

height before as the common ; but to leflen the great
.~ height of the fide pieces, the trucks are made of a Jarger
diameter ; they have no fteps, and behind have a tran-
fom for the ftool-bed to reft upon inftead of the body of
the hind axle-tree. Thefe carriages do not recoil
fo much, and are more readily pointed, becaufe the
trucks are not tight to their axle-tree. 'When they are
traverfed but a little, the carriage will move without the
truck, and then fall back again fo foon as the hand-
fpike is taken away. :

The French garrifon carriages are made much in the
fame manner ; but the trucks are made larger and .of
Afeveral pieces, and have a trail like travelling carriages,
but much fhorter, :

Fig. 17.

This elevation fthews the infide of the fide pieces, with
fome of the irons, not elfe to be feen, and the manner we
would have the fide pieces let into the axle-trees, which
is more fimple, and yet equally as fecure as the com-
mon manner, as likewife how the tranfom is to be
placed, and not obliquely as the cuftom is. The reft
of the figures in this plate fhew the plans and elevations
of the axle-trees and the ftool-bed, as well as the tran-
fom.

Iron

-t
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Irons for fbip carriages.

N'nww-hnooo‘-po\w.n.ppmnn'nn

a. Cape fquares, — —_—
b. Eyebolts, — —_—
~c. Joint bolts,  —— —_—
d. Tranfom bolt, = ———— —_—
e. Bed bolt, —_— —_—
f. Bracket bolts, -
g. Hind axle-tree bolts, «——=- —_—
h. Breeching bolts with rings, ——— ——
k. Burrs, —— S
1. Loops, —
m. Dowel pins, =~ —— —_—
% n. Square rivetting plates,
& p. Rings with keys, - i
# q. Traverfing plates,
r. Linch pins, -_— —_—
s. Axle-tree hoops, —_—
t. Axle-tree ftays, S
w. Keys, chains, and ftaples, —— —un
x. Stool bed bolts with rivetting plates, =

0

- The garrifon carriages have the fame irons, exceptmg
the breech rings, and thexr trucks are of caft iron; for
which reafon their axle-trees have copper clouts under-
neath, to diminith the friction of the iron againft the
wood.

Of travelling carriages. Plate V1. Fig. 19.

Previous to their conftructions, it is neceffary to men-
/ tion the names of the feveral parts they are compofed
‘.7 of, which are as follows. The long fide pieces QP,

RS are called the Cheeks ; the fore part Q R of -the
} ‘carriage, the Breaft; and the hind part PS, the Trail 5
‘T, the Trail Tranfom; V, the Center Tranfom, X,

thc Bed Tranfom ; and Y Breaft Tranfom; GH, the
H2 s 4,\)0 Bod

&R JSA-JI
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Body of the Axletree; m, n, the Trunion Holes; and
w, the Pintle Hole.

Dimenfions of the prefent checks.

Nature of the gun, 24 )12 6] 3
Length of the cheeks, ' 13 {1z (11 {10
~Thicknefs, ‘ 5.8 4.6] 3.6{ 3
Height of .the plank, 22 (19 [16 |13
' ) beforg, — ———— 20 |17 |14 |11.§
Height of the cheek { center, —— ——— |17 J15 |12 | 9. §
trail, —————1l12 fi1 |10 | 7. %
Head from the center, 74 b9 6o |s1.5
Length of the trail, 18 fis |iz Jio
Axle-trees. .
‘Natuse of the gun, 24. |12 6] 3
length, : 1385139 | 40 |40-5
Body, < breadth, 7 |6.5] 615.5
- { height, — 9 |8s| 875
. length, 21 Jz0.5) 19 |17. 5
© Arms, { y diameter, . 7 16.5] 61s. 5
linch diameter, —— ——15 | 4.5| 4] 3.5
Tatal length . 81 |80 | 78 |76

N. B. The under part of the axletree fhould be in
one continued right line, as we have fhewn in
our Elements of Mathematics. o

All the dimenfions in- the pfeccding tables are in
inches and decimals, execept the length of the cheeks,
which are in feet. :

 Confirustion of travelling Carriages. Plate VL. Fig, 18

Let Abcd be the plank, and A B the height be-
fore of the cheeks ; fet off from B to C the fum of the
.head A B, and the diftance from the hind part of the
ASHEY 3



Digitized by GOOS[C



-

e ————— —-— .



ARTILLERY. , 101

trunions to the extremity of the cafcable ; then from the
point A as center, defcribe an arc CD through the
point C, on which as a chord fet off the height at the
center, and draw the lines AD, BC. On BC take
B E, equal to the head A B, and towards the head
Er, rS, each equal to half the diameter of the trunions,
fo that E S will be the width of the trunion hole, whofe
center is about a quarter of an inch-below the line B C,
From the point r draw r F, perpendicular to AD; in
A D take F H, equal to the breadth of the -axle-tree,
which is funk about an inch into the cheeks. On the
fide F H make a fquare, and from the interfetion I of
diagonals, as center, defcribe an arc, with aradius of
29 inches, orequal to the radius of the wheel ; this arc
will reprefent a part of the wheel. Then if a ruler be
laid fo as to touch this arc, and cut the plank in two
points M, L, fuch that the dittance M L be equal to the
length of the trail, and you ereét at thefe points two
perpendiculars M N, L O, to K M, each equal to the
height of the trail ; by drawing the lines CN, N O,
and D M, you will have the igure ABCNOLD A
of the cheek required.

The part M P is made round, that the carriage may
flide with more eafe on the ground, which is done by
dividing L. O into four equal parts, fo that L. P be one
of them, by drawing M P ; and at the points M and P,
ereting two perpendiculars on D M, and on M P,
which meeting in Q, then the point R, which bifects
M Q, will be the center of the arc M P required.

The mortife V of the center tranfom is determined by
drawing a line through the point C, perpendicular to
the horizon KM, in which C p is taken equal to a
fourth part of the fhot’s diameter, and p q equalto two
of thefe diameters for the height, and in p z, paraliel to
K M, the breadth p x equal to one diameter. The
diftance between the center and bed tranfom X is two
diameters ; this laft is a diameter each way. The breaft
teanfom Y is a diameter broad and two high ; the fides

H 3 . arg
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are parallc] to the head A B, and terminate above even
with the bottom of the trunion hole one way, and when
produced the infide meets the point S.  Lattly, the mor-
tife T of the trail tranfom is equal in length to the trail,
a diameter high, and is parallel to the upper fidle N O,
fo as when the lower is produced to meet the point P.

- All thefe mortifes are divided into four equal parts by
horizontal lines ; the upper part is funk halt aninch in-
to the cheeks; the two middle parts are funk to the
depth of two thirds of the thicknefs of the cheeks, but
the lower part is not funk in at all. They are made in
this manner to prevent the wet from getting into the -
joint and rotting the tenons,

‘Confiruttion of the plan. Fig. 19,

Draw the indefinite line A B, in which take the points
C, D, fo as their interval be equal to the diftance from
the center of the trunions to the extremity of the bafe
ring ; through thefe points draw EF, KL, at right
angles, to A B; make DK, D L, each equal to the
radius of the bafe ring, and CE, CF, each equal to
the radius of the fecond reinforce ring 5 then the lines
drawn through the points F, L, and E, K, will deter-
mine the width within of the carriage; if to thefe lines
two others are drawn parallel, and at a diftance equal to
the length of the trunions, you will haye the thicknefs
of the cheeks Q P and R S.

On both fides of the points E and F, fet off half the
.diameter of the trunions, in order to have the trunion
holes m, n; draw the breaft tranfom Y of a diameter
broad, fo as the infide be in a line with the fore part
of the trunion holes ; and if C A be taken equal to r B
in the laft figure, the line R Q_ at right angles to AB
will determine the breaft of the carriage, and the total
length A B of the carriage’ is determined by the laft

gure.
K

8 .
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- If you fet off from theline K L two diameters for the
length of the cafcable, you will have the hind part of the
center tranfom V, whofe width is a diameter as well as
the bed tranfom X, and their interval is two of thefe
diameters, as has been faid before; the trail tranfom T
is determined as before by the length of the trail. In
the middle of this tranfom is the pintle hole of an oval
figure, wider above than below, that the pintle may

p have room to play on uneven ground.

The bed w is a board of an inch and a half thick, a
foot broad, and funk into the bed and center tranfoms ;
the width of the axle-tree has been determined before,
and its fore part pafles through the centers of the trunion

‘ holes : there is a board fixed upon the axle-tree with one
end, and the other upon the bed tranfom, which ferves
; to lay hay or ftraw upon for wadding.
! Between the trail and center the breadth of the cheeks
! is diminifhed on the infide by a fixth part, beginning at
about a diameter from the trail, and ends within a dia-
f meter and a half from the center tranfom.
A This is the common conftrution of field carriages;
j ~ but as it relates only to the four calibers, whofe dimen-
|

o

fions have been given, thereader will ftill be at a lofs

how to conftruct any other ; and -as the length of the

cheeks depends not only on the caliber of the gun, but

likewife on the height of the wheels, as well as on the

Jength of the pieces, which varies very often : therefore,

in the following conftruétion, we fuppofe the wheels of
! the common fize, and the guns to be 20 or 21 diamheters
,‘ long, which is the common length at prefent of the 24
pounders.

General dimenfions of travelling carriagés. Fig. 18.

The length A d of the plank is 12 diameters of the fhot
and 7.5 feet befides; its height A b three diameters and
three quarters ; ‘the height A B of the checks three dia-
meters and a quarter ; fo that Bb is half a diameter, the

B H 4 height -~
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height D C at the center 70 parts of that diameter,
divided into 24 equal parts, as in the conftru&ion of
guns ; the lengch of the trail is three diameters, and its
height M N two; the breadth F H of the axle-tree is
two diameters, and the reft of the dimenfions depend
on the fize of the gun. :

General confruiiion of trabtlling carriages for the new
guns.

Plate VI. Fig,. 18.

The length A d of the plank is 10 diameters of the
fhot and 7.5 feet; its height A b, three diameters and
three quarters; the height A b of the cheeks, three
“ diameters and a quarter. Set off from B to C eight
diameters, and twenty parts of that diameter divided
into 24, asin the conftruction of guns; then from the
point A, as center, defcribe an arc through the point C,
on which, as a chord, fet off y0 parts from C to D,
and draw the lines A-D, BC. On BC take BE, equal
to the héad A B, and towards the point B, the parts
Er, r S, each equal to g parts, fo that E S will be the
width of the trunion holes, whofe center is funk aboug
a quarter of an inch into the cheek. From the point r
draw r F, perpendicularto A D, and in A D take F H,
equal to 30 parts for the breadth of the axle-tree, which
is funk ‘into the cheek about an inch. On the fide FH
make a fquare, and from the interfe&tion I of the dia-
gonals, as center, defcribe an arc with a radius of 29
inches, which arc will reprefent a part of the wheel.
Now if a ruler be laid fo as to touch this arc, and cut
the plank in two points M, L, fo that the diftance M L,
be equal to three diameters, and there be erected at thefe
points the perpendiculars M N, L O, to K M, each
equal to two diameters, then, by drawing the lines C N,
N O, and DM, you will have the outline ABCLDA
of the cheeks. The pnder parg of the trail is made

ST . yound,
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= R
round, and the mortifes of the tranfoms are made as
before.

Confirution of the plan. Fig. 19,

Draw the indefinite line A B, in which take the points
.C, D, fo as their interval be 4 diameters and 17 parts ;
through thefe points draw EF, K L at right angles to
A B; make DK, DL, each equal to 32.5 parts, and
CE, CF, cach equal to 27.5 parts; then the lines
drawn through the points F, L, and E, K, will deter-
mine the width within of the carriage. If to thefe lines
two others are drawn parallel, and at 18 parts diftant,
you will have the thicknefs of the cheeks, Q_P and
RS.

On both-fides of the points EF, fet off g parts for
the radius of the trunions, in order te have the trunion
holes m, n. If C A be taken equal to r B in the laft
figure ; the line R Q, drawn at right angles to A B,
will determine the breaft of the carriage, and the total
length A B is determimed by the laft figure. The roft
of the conitru@ion is the fame as before,

Remarks on this confiruiiion.

Regard muft be had in the conftruttion of thefe
carriagos to their ftrength, and that the piece may lay
clofe and fteady in it; as likewife that the gun may be
properly elevated, in cafe ricochet firing fhould be re-
quired. , 4

The thicknefs of the cheeks are here fuppofed eighteen
parts inftead of a caliber, as is ufual ; this we efteem
fufficient, becaufe pieces are now loaded with no more
than one third of their fhot’s weight, or ought not at
leaft ; which charge has been found fufficient for batter-
ing pieces. )

-The length of thefe carriages is fuch, that a* 24
pounder may be elevated to about an angle of g dcgree:zi
- ar
\
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and the fmaller onesto 10, or 11 and 12, which is more
than fufficient upon all occafions. The cheeks are not
bent too much at the center, becaufe, if they are, they
become very weak in that part. We make the trunion -
holes fo as one half of them is over the axle-tree, whereas
the common prattice is to make them juft without,
which, in my opinion, occalions the weight of metal to
hang too much beyond the center of the wheels.

Plate VII. VIIL

In thefe plates are the plan and elevation of a 6 -
pounder travelling carriage, with all the irons marked
on them, fuch as are now made.

Iron-work of travelling carriages.

breaft
Tranfom bolts with burrs< center
trail —

|

AT

ONNVNADNDOANNDNNNODP NN NNN~

breat —
Tranfom plates with hooks < center ——

trail  ——
Trunion plates —_— _—
Cap fquares with joint bolts —_—
Spring keys with chains and ftaples ——

Eye bolts {fore ‘

hind

Breaft plates —_—

. garnifh —_—
Plates with rofes ol

.o § bolts — "

Garnifh nails - ____
Axle-tree bands = e—TT 0 ==
Side ftraps >
Draught rings with bolts and burrs
Locking plates —_
Lathing rings with loops

3

o«
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Smgle forelock keys —
Bed piece chain with ftaple —_—

hln eS —re —
Locker { hafp with ftaples —

"N -

Wood fcrews «

Rivets

rofebuds
diamond headed
counterfunk
trail - , .
Pintle plates upper and under —_— —1

Nails

 Names of the pért.r of a wheel. Plate IX,

| A. Nave
. Spokes

. Fellies —_—

|

O A ANV OO ™

. Dowel pins
Streaks ¢
. Streak nails
. Nave hoops

. Nave boxes —— —_— —_—

EN

Dowledges —_—
. Rivets for ditto

. Nave hoop ftubs
. Box pins

N

IR MAd TP AR

Onc—

The dowel pins are wooden pegs, of about three
inches long, and three quarters of an inch in diameter ;
they ferve to faften the fellows together ; and the dow-,
ledges are iron plates, faftened and funk into the fellies
on the outfide, fo are not feen here; they ferve to
bind the joints of the fellies ftrongly tocrether, each
with four pins.

The nave is always made of elm, cut ﬁx months
before it is ufed, and left in the bark all the while till it
is ufed ; the fpokcs are made of elm or young oak, and
ufed as dry and wcll feafoned as poffible ; the fcili(es a?e

ikewife
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likewife made of dry elm, or in default of which young
beech fplit in two only will do as well, if not better;
and the axle-tree is made of dry elm, young oak, or
young beech. : : ,
The cheeks and tranfoms are always made of dry elm,
_ on account that this wood is very pliable, receives the
_nails better than any other, and does not fplit; yet I
have feen fome made of young oak, and am of opinion
it is much ftronger than elm, and I think may anfwer
beyer, '

Dimenfions of wheels for travelling carriages.

Calib;r — = =—|a24]22]|6 3 |Parts

Wheel, diam. inches ' — |,8 [;8 [58 |58
Nave, length . —  — iy, 417 |15.5015 | 76

. body — — 5 f15 |13 |i2.5] &2
Diameter < middle —— |,6 |16 |4 13 74

Fellies {th’c_knefs — |5 | 454 |3 |22
. bx:cadth — — | 6.5/ 6 |55 45 28
Spokes thicknefs ' —— | 2.3] 2.2[ 2.1| 2 o
breadth — — | 4.5l 4 [3.5/3 | 20

The mortifes of the fpokes fhould be placed in the
middle of the nave, but the workmen make them an
inch nearer to the linch. The fpokes are fomewhat lefs
near the fellows than at the nave; they are likewife
inclined towards the linch three inches in a wheel five
. feet high, and fo in proportion in one of any other
diameter ; which the workmen call difbing. How they
found out that this inclination renders the wheels more
perfect is not eafily known ; thofe that I have converfed
with knew no more than that it was an old cuftom,
which made me inquire farther into it, and I have found
that it is grounded on true mechanical principles, as’
way be feen in my Elcuents of Mathematics, page 245.

' " The
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The laft column in the preceding table contains the
general dimenfions of the refpective parts for wheels of
any fuch carriages, exprefled by the parts of the diameter
of the fhot divided into 24, as in the conftrution of
guns, and proportional to the dimenfions of a wheel for
a 24 pounder’s carriage. Thefe general dimenfions are
very ufeful in feveral refpects : 'fuppofe it were required
to make wheels for any other calibers than thofe above,
then you muft cither refer thereto, or elfe perform the
work by guefs. Again, thefe dimenfions being exprefled
by the fame parts as the guns, they may both be ccn-
ftructed upon the fame fcale ; which cannot be done in
the common manner without a great deal of labour and -
difficulty : in fhort, artillery would be incomplete with-
out them ; becaufe it is not f{ufficient to know how to
execute what has been done before, but any other work
of the fame kind that may be neceffary.

The Span, or interval between the wheels, varies in
different countries ; even every county in England ob-
ferves a different width, which is very inconvenient for
thofe who travel in carriages. The artillery carriages
are made like thofe in Flanders, which is four fect eight
inches ; but as the fellies are not of the fame breadth
in all wheels, we fhall make the diftance between the
middle of the fellies five feet in all the carriages ufed
* by land, which are hereafter mentioned, the truck one
excepted.

Iron-work of an axle-tree. Plate 1X.

a. Axle-tree bar

S—— 1.

body —_— 2

b. Clouts {linch | — —_— .

"~ Clinch —_— — 2

" ¢. Axle-tree hoops garms —_— — 2
body ~—— — 2

d. Hurters with ftraps \ 2

f. Wathers —_— —_— ?1

g. Linc
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g. Linch pins —_— g
h. Axle-tree bolt —_— —_— X
k. Single forelock.  — — 2
Clout nails —_— —_— _— 12
Dog nails _— — —_— 8

Tools neceffary to prove and load guns.

The fearcher is an iron focket with branches, from
four to eight in number, a little bent outwards, with
fmall points at their ends : to this focket is fixed a
wooden handle, fr~m 8 to 12 feet long, of about an
inch and a quarter diameter. This fearcher is intro-
duced into the gun after it has been fired, and turned
round, to difcover the cavities within ; and after their
diftances are marked on the outfide with chalk, they
make ufe of another fearcher, that has only one poitt,
about which a mixture of wax and tallow is put to take
the impreflion of the holes ; and if there are any of a
quarter of an inch deep, or of any confiderable length,
the gun is rejected as unferviceable to the government;
though the iron is fold to merchants. The gun is thus
proved and fearched twice. ‘ ' '

The reliever is an iron ring fixed to a handle by means
of a focket, fo as to be at right angles: it ferves to
difengage the firft fearcher, when any of its points are
retained in a hole, and cannot otherwife be got out.

The worm is a double-wired fcrew, fixed to a handle
by means of a focket ; it ferves to draw out the wadding
or bottoms of cartridges which remain in the gun after
: frequent firing, and which would otherwife accumulate
fo much, that other cartridges could not be rammed
home enough to reach the priming, whereby the gun

- would mifs fire,

The ladle is made of copper, about three diameters
of the thot long, and the thicknefs equal to the windage
of the gun: it is of a cylindric form, having an open-
ing above of abourt a fixth part of the circle, and mﬁe

~ like
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like a fcoop at the end. The ufe of the ladle is to
introduce the charge of powder into the gun, when it is
not made up into a cartridge, or to loofen the fhot, and
draw it, in cafe it is retained by duft got into the gun
after much travelling. :

The rammer is a cylinder of wood, whofe diameter
and length are each equal to the diameter of the fhot,
with a handle fixed to it; it ferves to ram home the thot
and powder when the gun is loaded.

The fponge is likewife a cylinder of wood, from 10
to 12 inches long, of the fame diameter with the ram-
mer, and covered with lambikin, fo as to fit the gun
exattly ; it is cqmmonly fixed to the other end of the
rammer’s handle in fmall guns, but has a feparate one
in thofe .of larger calibers. The ufe of the fponge is
to clean the picce before and after itis fired. The TXth
plate reprefents the forms of thefe tools, whereby the
reader may have a clear conception of them.

Guns are proved various ways, to find whether they
are fufficiently ftrong ; the moft common in England is
with a charge of powder, which weighs as much as the.
fhot in all pieces under a 24 pounder ; which, if brafs,
is loaded with 21 .pounds, the 32 pounder with 26 and
12 ounces, the 42 pounders with 31 pounds 8 ounces *;
but in France they are charged with two -thirds of the
fhot’s weight only. Sometimes water is forced into
them, but this proof is infufficient ; it has been found,
that though the water penetrated through the piece in
feveral places, yet they were very good and ferviceable.
The beft and fureft way of proving pieces made after
a new pattern, or of fome new metal, is to charge them
with no more powder than they are loaded with in a&ion,
and to fire them 2 or 300 rounds as quick-as poffible ;
and if they ftand this trial, there is no danger of their

* The charge of the iron 24 pourder is 18 pounds; that of the
32 is 21 pounds 8 ounces; and the 42 is 2¢ pounds. As to the light
brafs field pieces, they are proved with half the weight of the fhot ;
except the 24 pounder only, with 10 pounds. -

burfting

~
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burfting afterwards. This has been done by our light
6 pounders, when they were firft introduced into our
fervice. Mr. De Valliers, lieutenant- general of the
artillery in Framce, has propofed another method for -
proving pieces, which is, inftead of loading them with
fhot, to ram clay in as hard as poflible two feet deep.
But I doubt whether an iron cannon could ftand fuch a
proof, nor would I advife the trial, ’

To confirus? field carriages. Plate X.

As field pieces are fhorter and much lighter than thofe
above, their carriages likewife obferve the fame pro-
portion. They have the fame form, but their wheels
are only four feet two inches high ; which, in .my opi-
nion, is too low ; for the draught of low wheel carriages
- is known to be greater than the higher: and, though the
guns are light, yet that is no reafon to make the draught
greater, 1 think, if they were 4.5 feet high, it would
be much better ; but it being no eafy matter to change
any thing eftablithed by cuftom, we fhall inferc the di-
menfions ufed ‘at prefent, that the reader-may fee what
has hitherto been the practice, leaving my obfervations
to his judgment, either to approve or not, as he pleafes.

Dismenfions of field carriages.

Calibers —_ - 24 | 12| 6 | Parts

Length 108 |106 |94 |1 4
Height 7 of the plank 15.6[14 [12. 4] 6
Thickn. 4-5 3-7] 3 18

Checks, height before — |14. 5|12. 7|11

. center — |12 [10. 9| 9. 8}
‘HMeight at the {trail o 9.2 84
Length of the trail 1t |10.5)10
From head to center 10 " |45 40

WAk wsar . § before {11. 5{10. 9|10
‘Width'within {behind 17 s iz l2:1g

~ Dimenfions
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_ ‘There is one gun carriage -more, which is called
Galloper ; it ferves for a pound and an half gun: This
carriage has fhafts fo as to be drawn without a limber,
and is thought by fome artillerifts to be more cohvenient,
and preferable to other field carriages: and . as. it may
likewife ferve for our light three and fix pounders, we
fhall give the following '

Iz * Diameters,
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L  ( body, — = e—— O {}
Diameters,{middlg, =~ = o= —— 1: ©
b ad *!;\, - e e =— O3 10

readth, g ——p—— o: 1.5
s”kq’{taickncfs, o —— —— 0 3
eadth, - ——— —_— 0! 8

Fellows { height, —_— = O 4.5

’ The dimenfigns not inferted here may be takea from
A the draft. .

Of Limbers. Plae XIIL

A limber is a two wheel carriage with fhafts, and
ferves to fupport the trail of field carriages, by means
of the pintle or_iron bolt, when they are to be drawa
from one place to another ; they are taken off again
when the pieces are to be fired. Thejr dimepfions are,

Caliber, .  —— —| 24126 |3
Inches| . )
Wheels dtameter, »——— ——J48 148 [48 N5°
Nave length, : —l16 |15 ﬁ‘; 10 1
body, —— ——|13.5]23.5/12 |32 }
Diamt;ters{middlc, —_— —-—jxi %fi’é 13 h12.5
linch, —— ——l12 |12 L“ gw '
 breadth, —— —| 4.5/ 4 1'3.4 3
F ellovys henght, —_— —1 5 |45 4 35L
breadth, = —— —==| 2.8/ 1.6[ 1.4] 1.2
Spokes { - _
, thicknefs, =s—— ——| 2 [ 3.5/.3 | 2.5
Axle-tree length, —— ——{78 6 |74 [69
length, ——""—=l40. 140 |40 l4¥
Bodys{ height, . 7.6 7 -1 6 | 5.5
' breadth, —— ——16 |55l 5 |5
Arms length, =—— ——}ig. |18 |17 [13
Diameters {FOdy’ 5 141414
linchy —— ——1} 4 [3 |3 |3
Shafts Jength, — g4 194"

- 4 194
2 ? Breadth

.
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Breadth §';;:§ end, f-—‘—-g L ED ‘.

Height §forcend, — —1 3 |3 |54 s
A s , . 5| 2.
Bolfter heighty, —=  —~"l12.510 |8 |7
Length, — — —I[40 40 [40 [43
Breadth,  — — 6 {555 |5

Fore ctofs bar .-}k:g;g:h,_ — ‘:g ‘I" 5 fg f‘e

Hind crofs bar § Lol T 3535 353 |

Axle-tree from the fore crofs bar,|15. /11, 5|11, 511. 5

All fhafts are abous two feet open before, two feet ten
inches in the middle, and fomething lefs near the axle-
tree, according as the wood happens to be more or lefs
crooked ; for it is never cut acrofs the grain, becaufe
that would weaken it too much. The bolfter diminifhes
towards both ends, as in the drafts ; fo that the height
-given here is to be meafured in the middle.

Iron werk of the fbafis.

a. Limber bolt, - —
b. Shaftrings,  ~ —
c. Shaft pins with chains, —

d. Breech hooks, <= -
e. Ridge chain with hook and loop,

f. Limber chain with hook and rings,
g. Single forelock keys, —

h. Nails; diamend headed, —

k. Dognails, = —
1 Bolfter hoops, «—  — = ==
m. Pintle, — —_— —

n. Pintle wather, — -— _—
Stubs for bolfter hoops, ~— = = —

Ve
13 ° Ths

v
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ns ARTILLERY.
The ironi work of the wheels and axle-tree beipg the

fame as before, only lighter in proportjon to the woodcq
work, we think a repetiticn meedlefs.

-~
REMARKS.

The whccls of the limbers bemg but four feet high,
and the extremities of the fhafts five, the draught of the
fhaft hoife becomes fo oblique, that the greateft part of
his force is loft in; fupporting the fore ends of the fhafts,
which the other horfes draw down again, fo as to bring
the whole draught in a right line from the axle-tree to
the breaft of the fore harfe; whereby the fhaft horfe is
fo thook (the difference between™ the height of the fore
end of the fhafts and the center of the axle-tree -being at
Jealt two feet) that he is fpoiled in a fhort time, and
rendered unﬁt for fervice: on the other hand, the bolfter
of a 24 pounder limber is ‘14 inches high from the cen-
-ter line of the axletree ; when the carriage is moving, it
endeavours to turn the limber about :its axis, and the
trail would flipy out of the pintle, were it not for the
limber chain that retains it  All :thefe oblique motions
being confidered, it will be found by thofe converfant
in m'cchmrc prmcrplcs, that- worfe-cannot be contrived.
Itis very difficult“to contrive better: for the trails of
field carriages:cannot bealtered 3 and if the wheels were
-made higher and the bollter lower, the carriage cannot
turn {o well in a narrow:roady nor can the trail be fixed
" under the axk-treetor the fame réafon : the only remedy -
that can be found, in my opinion,-would be to fix a pole
or fhafts in fome way-er other: to- the head of the car-
riage, fo as to draw it forwafds, and the trail to flide on
_ the ground-like ‘a--fledge ;-but how this may be done
{nuﬁ“ be }cftto fomc mgcmous workman

" oas e

PART
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Bore, . -m-—,.—-—-—llg .10 '58}46
. . Inch . .
{lcngth —— 84 |66 (50 |0 |oO

Lower bedq breadth, — '33..{20 (o {6 o0 ;
height, —— 3 .j10 | g f o |o.

length,—— .83 65 |49, [31.5.28. 5

Upper hed breadth —~ |32 (a5 |19 |16 |14 ..

height,—— 13 {12 |1z |10 | 9 1

Breadth quartcr round,— | 3 | 2.5| 2.5;0 o
Of the ogee and fillet, =~ | 4 | 3.5/:3 | 0. }JO.

Length of the cavity, — (20 (16 |12 | 8 | 5.7

Trun. hole from fore end, (31 z<6) 15.513,311. 7

‘Diam. .2 6.4| 5.4 3.4 2.4

Deplh}of tran. holcs,{ : ; | 6 g | 3.2| 2.2

ARTILLERY: trg
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.. P-AR T - v. -\.“ - -~
: Of mortar. beds and bowitz carrz;a'g‘e:. I

H E Jand mortar beds are here made of folid tim-

ber, confifting generally of - four pieces;’ thafe of
the royal and coehorns excepted, which are: but one
fingle block. As to fea mortars, their beds are made
quite different from thefe, as will be fhewn each in then‘
ordcr. , Lo

D:mxf ons ef -land mortar beds. Plate XIV' R

The diftance of 'the trunion holes is meafured from the
quarter round, and not from the end of the bed. The
joint of the two pieces of the upper bed, in the 13, 10,
and 8 inch beds, are fo contrived as not to be directly
aver the joint of the pieces in the under bed.

14 Nemg' -
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Names and number of irons in a 33, 1q,, and 8 inch ded,

a. Cap fquares, A
'b. Eye bolts, —— ——
c. Jointbolts, X
d. Under and upper bed bolts,
f. Dowel bars, ,
g. Rings with bolts, —_—
h. Reverfebar, e
k. End rivetting plates,

1. Middle plate, —_—
m. Rivetting bolts,

n; Square rivetting plates,
p- Traverfing bolts, —_—
Q. Keys, chains, and ftaples,

-

POS OB NARG DB

Nawaes and number of irons in a royal and coeborn bed,

a. Cap fquares, e —
b. Eye bolts, ——
C. -Joinﬁ-halts,- " | ey

d. Rivetting bolt with ring.
f. Handles with ftarts,

g. Square rivetting plates, .
h. Keys, chais with Raples, ©  ~——n —

1]
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Dtmvgfonwﬁbds For the tl:ree ew moriars?

Dxamctcr of the bore,. —[ 30 307 m'q?(')#
Y . X in e
~ Clength,——16 : ol5: 10, |4 1. 28
Lower bed?bxe%dth —l2 : 10 ”2 Y ff“‘f;;{;:f;'
thxcknefs, 0:28l0: 25 ilo:02.5
' length —|5:28[5: 8 423
Upper bed<breadth, —[2 : 8[2: o' h,: e4"
thicknefs, —|o : 280 : 25.,J0 122.5
Breadth of the ogee, —jo : 6o :. 5. .fo :.. 445
Of quar. round and fillet,jo : 6o :" 5 'lo 3 4.5
Diam. .« §10 140 13, lo: 13
Depth -of trun, holes %’o : 100 " 3;510 : .9
Interval between them,— 1 : 5f1: 5 [1: 4
Their length, — —o0 : 1500 : 14 lo.: 13

~ The firft numbers in ‘each column exprefs. the ‘dia-
meters of the bore, and the fecond the parts of that
diameter divided into 30, as in the conftrution of mor-

tars. The center line of the trunion hole. paﬁ"cs throngh . -

the middle of the upper bed. -

The dimenfions of the firft .of thefe beds. wilk hold
nearly true in regard to the prefent mortars. As to
thofe ufed at prefent, there is no proportion between
them ; fome are larger and others fmaller than they
fhould be ; ; for it has been obferved, that when the royal
and cochorn are fired, their beds kick about.very much,
which is a certain ﬁgn thas they aretoo fmall. We havc
obferved before, that the mortars both here and in
France are not conftructed by any rule; the fame is true
in regard to their beds; and it is no wonder, fince §z.
Remy, the only author who has wrote 2 complete trea-
tife upon artillery, did no more than copy fuch memoirs
as he received from the workmen, without pretending to
yeafon upon the fubjéd®, and in a|l appearance was not
Qua,hﬁcd for it,.

General
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General dimenfions of the iron work.
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length, —lr:18
Cap fquaregbreadth —l0:12
1 : thicknefs, —lo: 3
Fore end from the trunion
hole, ' 0:16
helght,—'o: 8
Eye bolt head< breadth, |o: #
: thicknefs,jo : 3.5
Joint bolt gdxameter, —lo:1r1
head thicknefs, —o: 3.5
Dift. from the trun. holc,'q: 10.5
Traverfing bolt length,—0:23
Diameter of %EZ??,’ g ‘;‘5
Their diftance § below, —o : 12
from end, ~—lr: 2
lengthy, ——|2: 8
Mid. plateq breadth,——o: g
‘ - { thicknefs, —lo: 1.6
diameter, —0: 3
Bed bolt {lenOth —l2:10
dxameter, — —|O0: ¥4
Ring 3) thicknefs, — ~—o: 3
Diameter of the nvettmg‘ ’
bolts, — — " —lo: 3
Diameter of the ring ri-
. - vetting bolts, — —fo: 3
Diftance from the ends of :
. the plates, — o: 6
Dia. of the bed bolts bursjo: 6
L length, = —{1: 2
' valetttmg brezdth, —lo: g
plates thicknefs, —Jo: 1
From the quarter round, [o: 8
Diameter of the traverﬁno o
bolt plates, o=  —jo:11.

+ 10

19
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We fuppofe thefe mortars fo fixed in their beds as to
be moveable, quite contrary to the prefent practice,
and. that they may be raifed from an angle of 10
degrees to any under go ; for which reafon the depth
of the trunion hole is not equal to its diameter, and the
cavity in the bed is to be made in fuch a manney as t9
Feceive the wedges by which the mortar is raifed.

* Dimenfions of fea mortar beds. Plate XV, XVI.

Diameter of the bore, + , 13 | 10
Length ] - —_— —1l94 84 .|
Breadth }of the bcd, — — 154 {47
-Height —_—  —27 {23
Pintle hole from the fore end, —139- {32
Diameter of the pintle hole, — ——| 6.5 6.5
Trunions from the foreend, —— ——|[46 |42.4
.‘g;t&cter} of the trunion holes,{ - 'g ' i
fg;;rgﬁtc?of the circylar bed, g - - 53 52‘
Diftance to the bed bolfter, =——— e—|15 {16
Depth of the cavity, . —|15 |12 |
Its opening above, ‘ 30 |21
Bed bolfter length,  — —153 |44
Length below,  — —129 | 2.1
ks height, — « 6 iy
Its breadth, ' : - lig hz

. K
Thefe beds are placed upon very ftrong timber
“frames, fixed into the bomb ketch, to which the pintle
is fixed fo as the bed may turn about it. The fore part
of thefe-beds is an arc of a circle defcribed from the fame
‘center as the pintle hole. The plans, elevations, and,
different fections fhew in a diftinét manner the feveral -

parts of thefe beds,
_ d Tron
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Iron work of tbefs beds,
a. Cap fquares, —_— - -2
b. Eye bolts, 6
¢. Loop bolts, 4
d. Traverfing bolts, — -4
e. Middle plate, _—
f. Riveting plates, I
g. Riveting bolts, - 6
h. CrorS bed bO‘ltS, e ’ e 7
1. Square riveting plates for ditto, —_—
k. Down bed bolss, - 15
m. Bed bolfter plates, - — ——
Keys, chains and ftaples, 6
Nails to the bed bolfter bed, «w——e W —nun 4
Bed bolfter rings with loops, T2
Dimenfions of an eight inch bowiix carriage. Plate X VI,
Length of the cheeks, 108
Thicknefs, —— Smbngut | e 4.5
Height before, —— 18
. center, . 16
Height at the trai, ) i
LCDgth of the trail, p— Srr—— 15 .
Height of the plank, _— —_— 8"
From the head to the center, —_— 42
Trunion holes from the head, —— — g
length, . - 4.5
Breaft tranfom { height, ' >
. thicknefs, 4.5
lcngth, ey L — 16. 5.
Center tranfom < height
: thicknefs, —— —— 4.5
: flength,  ——o — I9
Trail tranfom ¢ breadth, = wwwew’ eeesn 35
_ thicknefs -

The -
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The iran work of thefe carriages is the fame as in field
carriages 3 but there are only four garnifh nails, two of
3 fide, becaufe they-are fo fhort as not to admit of more,

As tothe wheels and axle-tree they are the famc asin an
18and 13 peunder’s carriage. .

-~ PART VL
Of different forts of carriages ufed in the artillery.

Dismenfions of a Tumbrel, Plate XVIII.

TAMETER of the wheel, ~—— 6o .
Navelength, - _ : 15
- body, —— —_— —— 12
Diameters middle, — SRS, 13
- lln(:h So——— Sv—— 10
Pr——n . Coma—— 2. 2
Spokes {brb‘“d%d h 33
eadt e ot 4.5
Fe!lows{thmkncfs, — J— 3
Axletree length, —_— P ”6
length, —_— —_— 42
* BOdy b!'cadth, — S——— 5 .
height, — —_— 6.7
Arms length, _ eamtas 17 .
Diameters {fm&g, T T ‘; 5
Shafts tatal length, —_—— —_ 147
From the hind end to the crofs bar, L — 7
om 1< 2 crofs bar to the fore cus, — 62

From the fore cut to the fore end, — —— 78
—_ Breadth,
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. Inches;
. bchindﬁ 4
. - )at che fore cut —_— — .
Breadth  9:; the middle - — ; g
at the foreend o 0 2.3
Height from the hind end tb the fore cut — 3.3
Heighe at-the foreend  ~—. e . 3. 3.
behind, and at the fore cut 84
Width within < in the middle | S— 35
- { at the fore end —_— 25
breadth 3.5
Crofs bars gthicknefs —— z
length 3k
length — — 5l
Fore cut %bréa,dt}i e - 4
thicknefs — —_— 2
) length —_— 2.
Raves %breadth e k]
thicknefs —_— e
[ P 24
Standards —_— — 2.8
" — —_— 1.3
. —_ — 36
Head bar —_— —_ 1.2
' | — —_— 1.8
— — 22
Uprights — —_ 1.3
: _ — 3
Iron work of a tumbrel. _
A pair of wheels and axle-tiee compleat. 3
Axlestree pins with rings and keys — 2
Fore cut pins e 2
Breech hooks —_— — 2z
Shaft rings —_— 2
Shaft pins with chains and ftaples S 2
Ridge chain with look and loop e
Bail ftaples ~— 6
‘Bhe




.
y
.
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Th’e common ufe of tumbrels is to.carry the pioneers
and ‘miners’ tools’; but they ferve llkemfc o carry thc

mbncy of the'army.

50 Dzmn;ﬁam of a powder cart. Platé XIX

The wheels and axle-tree are the fame as in the tuni-

brel, except, the hemht of the wheels is here 5.5 feet.
' ' Inches.

Sides with fhafts, total length = "——u-
. end to the crofs bar. .
From the hind {crofs bar to the fore crofs bar
From the fore crofs bar to the fore end
behind - ——
Breadth- fore crofs bar . |
middle —
before L —

(behind =

l

-1

‘-l Jl |

Height ° fore crofs bar
‘ before . —

Opemno ehind, 4nd at the fore crofs bar
Ac Jmiddle —
before

- length
Two fhaft crofs bars < breadth
' height

1

. . length . ——
Under crofs bars < breadth

height

length —_—

~Side pieces < breadth —_
height e
The axle-tree pachs through the fide pieces
~ from the bottom
From the fhafts to the beginning of thc roof
Height of the roof

length - —_—
Lids < breadth —
thicknefs —_—

L 1] l}

”’ ’_

180

_ \,m
WU h BT =t
RN WO NN

S 0o

6
12
88
10

‘Roof
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g o _Inchés:
legth - | " 88
Roof lids £ breadth —_— —_— I,
thicknefs —_— — Y

The roof is covered with oit cloth to prevent damp-
nefs from coming to the powder, and each thot locker is
divided into four parts by boards of an inch thick, which
enter about an inch into the fhafts. Each of thefe carts
can ftow four barrels of powder anly. S

.
o

Iron work of & pewder.cart. P

Side bolts with fcrews = ——  ———

. Crofs bolts with fingle keys —_—
Double hinges for the fhot lids —_—
Staples and keys with chains = ==
Hinges for roof 'lids’ :
f. Halps, Ttaples, and keys for ditto
g. Axle-tree pins with keys
Comopleat irons for fhafts, wheels, and axle-tree. .

L=

LA L

IN

Dimenfions of an ammunition waggon. Plite XX..

: Inclies,
‘Fore wheels, height - 48
Nave, length —_— — 13
body 3.
Diameter { middle =~ === . — 14
- {tinch I 10

1 breadth —_— e— 3
Fellows g e ggth - - i
* {breadt — —_— L

-~ Sp Okc?  thicknefs — —_— 8 3
Hind wheels, height — — 6o
Nave, length : L — 13
body —_— —_— 12
* Diameters £ middle —_— | — 14
linch e — 10

Fellows
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, o Inches, .
1. ¥ breadth — 3
Fcl}ows height , . g

breadth- =~ —0n P— 1.8
Spokes thicknefs ——e — 35
Fore axle-tree, total length —_— 2
_ Clength . i 40
BOdy g‘brﬂadth . e ——— — 5
height. — —— 6
Arms, length b —— —_— 16
Diameters linch - —
Hind axle-tree, total length —— 7O
length —_— —_ 38
Body gbreadth —_— —_—

.~ " Qheight - — —_— 6 .
Arms, length —es — 16
Diameters . Eﬁgg - "_“' g
Fore bolftet < breadth — —_— 3

: height ~ 6
length — —— 46
Hind bolfter < breadth — —_— 5
height 6
length — — 49
Rider < breadth e —_—
height =~ 4.7
‘ length —_— 144
Sommers and fides < breadth — 3
heig _— 3
length — ——— 120
Pole <fquare before — - 4
fquare behind = —-— 3

: ]cngth e e 40

Middle bar < breadth ~ 3.5
' ghcight — —— 6.5

'Y N .
K Hind
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length to the axle-tree = =

: . bread:h at the head  ——
H'Qd guide {quare at the axle-tree it
opening at the axle-tree = -

length to the dnle-tree  ——ue
. breadth before bttt
Fore guide breadth behind
thicknefs — -
LCﬂgth Of the l’traight part [P [

Length frem ehe axle-tree to the hind end

. to reccive the tong ———
Openting  § near the axle-tree ——
chtp ba' h’eadth i bbb
Raves < breadth P —

’ h } L ___—— St gl——
“len [h s bt ’

Flate ftaves dbreadth: — —_-—

- (thicknefs =~ — PO

Shafts length- e

Length ot the ftraight part | ——
Breadth <-at the fore fhaft-bar- TV
-before i bt et
Thicknefs before T ———— —_—
at the fhaft bole —
. at the fore thaft bar —_—
Opening 3in the middle e e
s . §breadth = — it
Shnf("bal's thicknefs — ——
- l'ength PR — e .
Twg g

Inches.
28
5

3 _
24

32.5

L]
0
Saaw

-
NN

Wwow o
N

N
-0
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Inches,

Length of the guide bar ~ e=— - saiy  pp .

. m the middle — P TITE W
Breadth {zt the end Tek i ;
Thicknefs _— — et g L

Diftance from the center of one axle-tree tdtﬁd '

other = === 89 Yy

The fommers go 10 inches beyond the forc axlé—trec,'
and 38 beyond the hind.

!

Iron work of an ammanition wdggon

—_— | e, . -—..L. L 2 I
o .
t keys . e
——y N g 2 2 .
- I8
B i g
cey — e I o~
—_— —_— 2
— 2
Bars to fix the fwing-tree to the axle-tres @ — 2
Plate for the erofs bar of the fore guidé  ~- ¢
Wiathing plates for the fhafts —— il 2
Boifter bards —— ———&u-- 4.
- Pote plate
Frons cempleat for Ihafts,axlc -trees, whééls, d?wlédg&

exce
Fhis waggon ferves likewife to carry bx‘éﬁ* it w‘@
lined round in the infide wnth ba{ket work, /

. Dimenfions af a block mrmge. Phita p.0: |

Triched:
Fott wheels, height =~ —— —— . 48
Nave, lengih —t 15
body —— - 14
Diameters {middlc —_— U ¥ 35
linch B R Y 1
K2 Fellows

A
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- Inches.
height —_— — 5.5
Fellows {bl’c%dth _ — 33
breadth  — —_— 2
Spokes { thicknefs —_ —_— 3
Hind wheels, height —_ —_ 60
Nave, lengih —_— —_— 17
body —_— —_— 14
Diameters < middle — —_— 15
linch — — 1 g .
height —_—  —— .
FC“OWS bre%dth — e —— 4 5
breadth  eee—e —_ 2,
Spokes thicknefs —_— — 4 3
Fore axle-tree, total length —_—
length — 39
Eoly zbrcadth — 6.5
Arms, length —_— —_— 19
Diameters Eggl{ - - 2
length —_— — 49
Bolfter gbrcadth —_— — 6.5
height  —— —_ 7
Hind axle-tree, total length _— g7
length — 37
BOdy breadth ——s L ——— 7
: " ( height —_— —_— 8.7
Arms, length —_— —_— 20
Diameter ;?Ody - — 6
Qlinch -— 4.8
Icng[h —— S——— 47
Bolfter < breadth ' 7
height — 8
length — — 132
Side pieces gbrcadth 6.5
' height - , 6.5
Diftance between the axle-trees —_— 72
The



.
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Inches.
The fide pieces project equally by —_— 24
Shafts, length —_— —_— g6
behind — — 53
Breadth { in the middle . —— —_ 6
before ' 3
Length of the ftraight bar  —— —— 19
behind — — 28.3
Opening < middle —_— ——  32.5
before —  — 24
Height of the fhafts -
length 46
Rider %brcadth 6.5
height - : 8

Interval between the fide pieces « —  —— 12

The fide pieces- are let into the rider and hind
. bolfter  —

Iroft work of 6 block cam'age

Trons complcat for wheels, axle-tree, and fhafts.

1 Iron bar to faften the hind axle-tree to the fore
one,

2 Bolts to fix this bar-to the axle-trees.

4 Bolfter bolts.

4 Hooks faftened to the fide pxeccs with twa bolts
and burs, -

1 Bar to faflen the fide pleces in the middle,

2 Staples for fhafts, and two iron bands with loops,

2 Loops, one faftened to the. nder, and the other to

the hind bolfter.

The ufe of thls carnage is to carry guns in the field,
which are too heavy to be tranfported upon their own
carriages, as likewife mortars and their beds.

K 3 Dimenfion
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Dimenfions of a fing waggon. Plats XXII,

Inches;
length e " e—— 152
bre%dth — — 6 -
Side pieces ¢ height —— 7.8
opening —_— —_— .32
' . L exceed, axle-tree = 10
Interyal betweea the centers of the axle-trees 123
Fore whe:é,‘h height — - 48
Naye, le . — —r— 14
bod —— —r 13
Diameters middle S — 14
. linch — T Iz
Fellow breadth S—— e 8- 8
5 tl,xcxﬁli); — — 5§
readt 2,2
Bpokes 9 thicknefs 3.5
Hind wheel height e —~— 68
Nave, length — —_— —_ 17
body e — » 16
Dlamom' middle —— Yo 17
. linch 13
readth — — 4.4
Fellows { height | - 6
§ breadth o — 2.2
Spokes thicknefs —e —_— 4
Fore axle-tree, length —r — . .75 5
~ flemgth ~ = —— 415
Body {hrcadth : - , — 5
height 8.
‘Arms, length e — —_ 17
Hind axle-tree, length e — 81
length et S 41
. Body < breadth —_— _— 5
height .

______ — re—— 7
o Arms,
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, Inches,
Arms, leagth —_— — — 20
Diameter 3 2097 - - 5
linch —_— — 4
' length . 4L.g
Fore bolfter gbreadth 5
height —_— S— 12
- Hind bolfter gbseadch , 5
height —_— —_— 1r
length
Rider gbrc%d\th Perer—— —r— 5;
hcight St L ——— 7.2
length below —— ‘6o
" Cheeks to fupport ) length above © —— 22
the rack work height —— — 20
. breadth — 6
Shﬂ'ﬂ'&,- leng(h' — 94
i behind — 55
Breadth < middle — —_— 4
Opening {middle —_— — 34
before : - - 25
“Thicknefs of the fhafts — ——— 3
Iron work of a [fing waggon.
3 Cap {quares,
4 Eye bolts,
2 ‘Trunion plates.
2 Beam hooks.

1 Iron to faften the tooth wheel.

Rack werk with pland and handle.

An iron bar ¢o ftop. the jack.

8 Bolqs with fcrews to faﬂ'en the checks to the fide
pieces.

» 2 Hind axle-tree ftays wnh bolts.
K 4 Ace

\

\



.
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" A crofs bar to faften the fide pieces together.

4 Hooks faltened to the fide pieces with balts and
burs.

4 Bolfter bolts with rings and keys.

Pintle with band and wather.

4 Bolfter hoops.

‘Wheels and fhafts compleat.

The ufe of this carriage is to carry mortars or heavy
guns from one part of a place to another at a' fmall
. diftance. :

Dimenfions of a fling cars. Plate XXIII.
.

w A

. _ " Inches.
Wheels hci%ll]lt . 6o -
Nave, len — 15.
;. body — — xi 5
Diameter gmiddle — —_— 16
linc}ﬁ —— 12
breadt —_— —_— . g
Fellows height — - g
breadth — —_— 2
Spokes § hicknefi < ——— @ o—— 3
Axle-tree, length L — — 77.5
length ' o 40.5
Body gbrcadth — —_— 5
‘Arms, length e 13.5
Diameter {b.OdY 5
linch 4
Shafts, total length 168
From the center of the axle-tree to the fore
end — — 144

From the center to the hind end _— 24
from the hind end ta the fore crofs }

Breadth 4 iddle e
fore end

7
5
3

.

Il

—

4 N
Opening
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. Inches
¥ axle-tree and fore crofs bar . — 23
" Opening {middle - 30

before : 24 -

Height- of the fhafts 3.6
breadth — N 4
Crofs bars thicknefs 4
: length below — 28

Cheeks to fupport #e’iogvl:t - T ; |
. the raller thicknefs — — 4
interval —_— —_— 32
- Diameter of the roller. — 7

This cart ferves for the fame ufes as the former wag-
gon, but chiefly to carry the guns from the water fide
to the proof place, and from thence back again.

The iron work of this cart is the fame as before, as
alfo of the wheels, axle-tree, and fhafts,

Dimenfions of & truck carriage. Plate XXIV.

b 3 Tenath Inches,
0 engt — — 2
brea{kh g ' 3
Fore axle-tree ¢ height —_— — 11
arms length  — — 6
diameter —_ —_— 3
body léngth — - 32
oo . breadth — 6
Hind axle-tree { height =~ — — 7.8
' arms length —_ — 6.3
diameter —_ —_ 3
Slcngth 100
breadth —_— e 10
R height  — 2.
Side pieces imegrv d — 1 5
~ | to the fore axle-tree —_ 13
to the hind axle-tree — 15
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Inches.
lcngth —— —— 32
Fore bolfter < breadth —_— —_—
_ [ height —n — 5
“Clength —_— — 33
Hind bolfter { breadth —_— —. 6
i height —_— —e 8
[ near the bolt U — 23
Opening 4 middle —_— —_ 35
before sy — 24
before —_— T 3
Breadth gmiddle [ 4 .
From the end to the ftraight crofs bar . w—we 12
lﬂ‘lgth rrerry. —rer— 30
. breadth — pvo—— .
Fore gux'dc height  —orren — 2 ;
interval : 10
diameter —_— — 2
Trucks 9 thicknefs = ;

: ] .
The crofs piece fixed upon the forg ends of the fide
pieces is 5 inches broad, 3 high before, and 1.4 behind,
The crofs piece behind the fore bolfter under the fide
pieces is ten inches broad, and 5.5 thick. The bolfters
are let into the fide pieces about half an inch. Theiron
work is fo diftinctly feen in the plan and elevation of this
carriage, that it would be needlefs to mention ir,
" The ufe of this carriage js to carry timber and other
‘burthens from one place to another. = -

- Dimenfions of a travelling forge. . Plate XXV.

T - Inghes,
Wheels, diameter ~~ ———= = —— 56
Nave, length —_— 14

Diameter

C~

<!
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Inches.
body  —— — 12

Diameters g middle =~ —— — 13
linch : yr—Q
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ExpranaTiON

a. The bellows.

b. Place boarded up to put the tools in;

c. Iron plate for the fire place. '

d. Wooden trough for water. ,

f. Iron plate to receive the cinders, and to lay the
hammers and tongs upon. .

g. Iron plate to prevent the flame fetting fire to the
carriage. :

This forge is very ill contrived; it fhould have four
wheels, that it might ftand firm, and be caficr carried 5~
the French ufe fuch as this laft defcribed. ,

Since the firft jmpreflion of this work thefe forges
have been made with four wheels : the fame has fince
been done in regard to the pontoon carriage, where they .
now-ufe limbers, which mend it in part, but not com-
pleatly ; for it ought'to be a compleat four-wheel cas-
riage, and not one with limbers.

E.Dimnﬁom'of a pontoon carriage. Piate XXVIL

Inchcﬁ. ‘

‘Wheels, diameter — —— 68
Na\'e, lcngth W—— - | — 15
body  —  — 13
Diameters < middle - 15
linch —_— —_— 12
' breadth —_— —_— 4
‘Fcnéws{hcight - c— B
__. § breadth —_— —_— 2
Sp oli:es thicknefs — 35
Axle-tree, length * - —_— —_ 82
~ Clength - —_— — 46
BOdy‘ breadth Y S— et ;6_ L.
height _— — 8.5
Arms, length — —_— 18

Diameter
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% ™

' Inches.
Diameter Ez‘gﬂ e - g 5
length ~  —w— —_— 54
Bolfter gbreadth . — —_ 6
. Cheight _— —_— 18
Side pieces with fhafts length —_— 228
~ {axle-tree . 5
Breadth < middle - 4
before -_ 3.
‘ behind the axle-tree — 4.
Height before the axle-tree —— 6
g at 21.5 fromit | — —— 5.2
' at the end 0 3.2
. near the axle-tree —_— 29
Opening 4 at the fore crofs bar = ——— 23
o before : —_— 28
breadth 4
Fore crofs bar < height 3.5
' length -_—  —— 6o
Diftance from the fhafts end - — 108
Next crofs bar }:r §adth 4
eight —_— —_— 2.2
Diftant from the firft 24

The crofs bar next to the axle-tree is of the fame
dimenfions as the laft, and 24 inches diftant from the
axle-tree. - :

The fhafts flip through the axle-tree, and are pinned
behind, fo that they may be taken out when the carriage
is to be put into the ftorchoufe ; for which reafon they
are made higher before, fo as to afford  fhoulder againft
the axle-tree.

Dimenfions of a pontoon
' ’ Feet. Inch.
Total length of the pontoon =~ ~e——  21: o

Length of the bottom e~  —8w  16: 8
' ' Width
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Feet. Inch.

Uy 00 W

‘Width ab6¥€ and below 4t the outfide 4.3 10
Height of thé fides = —— &= 2: 5
. - above . —_— 3:11
Width within {at the botfom —_ 3: 3
Depth within —_— ’ —_— 2: I.
. three long bars underneath o: 3
Width of {fhc two fide on€s undernéath o.: 3.
Breadth of the § UPPET 0ncs ' d: 5
: crofs bars . o: 1.
Diftant from €ach other ——  0: ¢
Length 6f thé fimbers laid acrofs == 22-: 8 |
Breadth and heighit of ditto ©  =—=<  o0: 4

There are four of thefe timbérs fot each pbntoon, an
as they lay acrofs over two porifoons, theré are 5 placei
at the fide of each other, the planks laid over them are
an inch and a quarter thick, and 1. 5 feet long, There
are likewife two long narrow bodrds laid oii eich fide of
the bridge over the ends of the ¢rofs orfes, and faftened
to them with wooden bolts, to keep the’ carriagés from
runhing off.  The XXVIth plite théws the plan of the
pontoon, one part of which is léft oper at the bottom,
to thew the wooden work ; both out and infides dré
covered with the ftrongett tin plates ; the out{ide bottem
is of the fame breadth as the pontoon is at the top, the

- fides included, but the infide bottom is lefs broad, fo
that there s a hollow betwgen the infrde and .outfrde,
divided into apartments by the fide pieces, in order that
if a hole fhould be made in the outfide by a fhot or
accident, the infide might not be filled, and the pon-
toon rendered lefs boyante. S

The French cover the outfide of their pontoons with
ftrong copper plates, and ufe no lining within, which,
in my opinion, is preferable to our method, becaufe
copper is much ftronger than tin, and is not damaged
by tuft; and a ffump of a tree or any'thing that will -
make a hole in ours will not be able to hHurt theirs ;fﬁan'd .

' nce
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fince we have copper of our own, I cannot conceive the
reafon why we do not follow their method.

The pontoen cartiage is 4s ill contrived as poffible,
for its length is greater than thdt of any waggon, and
yet it is fupported by two wheels onily ; they have fince
added 4 limber to it. The grear ftrefs that lés on the
thaft hotfe, would, one would think, be more than
he can fupport, efpecially in going down hill; and I
have been informed, that twenty men are {carcely fuf-
ficient ¢o affift him ; and in going up hill the men are
obliged to fopport the carriage behind, for fear the
weight fhould overbalance that of the horfé, This
Being fufficiently expetienced in the laft war, it is fur-
prifihg that no artillery officer or artift Have not conitrived
a more convenient catridgge. The moft obvious would
be to have a limbet to it, fuch a¢ the field carriages
have; this the Fremh have to theirs, but inftead of'
making it with a high bolfter as ufual, I would make
the wheels higher, and no bolfter at all, or only as high
as the naves, fo that the porttoon might lie as fow as’
pofiible : by this means the carriage would go with
more eafe, and the fhaft horfe ‘draw as free as any of
the others. To take ufe of :wo wheel carriages in
travelling a great way, and through bad roads, is con-
teary to fenle and reafon ; becaufe the whole weighe
laying upon two wheels muft needs make-them fink
more in the ground than thofe of a four wheel carriage,
where but half the weight is fupported by two: it is
true that carts may be ufeful in a towa at home,- where"
they go upon pavement, and they are befides cheaper ;
bat that is ne reafon they fhould be ufed abroad, foe
which, I dare fay, they were not intended. '

Of the gin. Plate XXVII,

The¢ ufe of this machine is to mount carnons upon -
their catriages, or to difmount them ; alfo t6 heave '
miortars on or from their beds. It confifts of three

round
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round poles of about 12 or ng feet long, whofe diameters
at the lower end are about four inches, five juft below
the roller, befides the cheeks that are added to them in
that place, and about 3 or 3.5 inches above.

The roller is 7 4 inches in diameter, and fix feet long ;
20 inches are lcfzt fquare at each end for the holes made
in them to receive the hand-fpikes, by which the roller
is turned ; the middle part is made round to wind the
cable upon; the two poles, which fupport the roller,
arc faftened together by two iron bars, the one about
28 inches below the roller, and the other as much above
it. Thefe bars are fixed with one end to one of the
poles by means of a bolt, and with the other end to the
other pole with a bolt and key, fo as to be taken out,
in order that when the gin is to be carried abroad, the
poles may lay clofe together upon the waggon ; fome-
times wooden bars are ufed inftead of thefe iron ones,
which coft lefs, and anfwer the purpofe as well. There
are two iron bands and two iron bolts to faften each
cheek to the poles, and likewife iron plates round the
poles where the iron or wooden bars are fixed. The
poles are hooped at each end, and thofe above have
ftraps, through which the iron bolt pafies. This bolt
keeps the upper ends together, as likewife ferves to
fupport the iron to which the windlefs is hooked : this
windlefs contains two brafs pullies, about which the
cable goes, which is fixed to the dolphins of the gun or
mortar with another windlefs, containing two brafs pul-
lies likewife. <

' The firft figure thews the form of the gin, as like-
wife the dimenfions of the different parts, with all the
iron work ; therefore it would be needlefs to fay any
more of its conftrution. It muft be obferved, that
when it is to be ufed, it is laid flat on the ground, the
lower end of the fingle pole extends the contrary way,
in orcer to faften the upper windlefs after the cable has
been turned round them ; after this the upper endfi;,

: raife

3
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raifed gradually till the three poles ftand nearly at equal
diftances. ‘

The French gins differ from ours ; v7%. the two legs,
“which fupport the roller, are faftened together by three
wooden bars, hearly at equal diftances ; the third leg is
“hot fixed to the others, but efiters into a notch br inor-
tife above, fo as not to flip when it is ufed ; the upper
windlefs is fixed to the two legs by means of an iron

bolt, fo that when they want to ufe the gin; a man gets

up by means of the bars, and paffes the end of the cable
round the pullies. This I heard obje&ed againtt, faying,
that if the gun i$ mounted near an enemy, it would be
dangerous ; but as that gin is as eafily raifed as ours,

they need not climb up, but when they can do it with
fafety. :

Of Petards. Plate XXVIL

The French petards are made in, the form of a fruftum
_of acone; with the vent in the lefler bafe ; in England
they are made nearly in the fame manner,' only fome

are round towards the fmalleft bafe. The fecond figure
thews the fection of one as they are made here; it is 8.5
inches within at the bottom ; the diameter at the be-
ginning of the round part is 6, and diftant from the
lower bafe g inches ; the circular part is defcribed from
the point where the perpendicular to the fides meets the,
middle line or axis ; the thicknels of metalis 1.6 inches;
there is a brim at the bottom that projects the metal by
two inches, and is one thick, in which are fix holes of
balf an inch diameter, which ferve for fcrews to faften
+ the petard on a board in a firm manner ; there is a cavity
within at the bottom half an inch deep, and as much in
height, to fix a board, to keep the charge in the petard
before it is fixed to the board or plank. There are like-
wife two handles of about three inches from the flat ring,
five inches long, feven tenths thick, and 1.8 from the
outfide to the metal. Laftly, a hole of an inch dia-
L , meter
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meter is made cither at the top or on the fide, to fcrew.
in an iron fufe to fire the powder by, which fufe.is filed
with a flow compofition, in order that when it is lighted,
she petardier may have time to retire out of danger.
Petards are made of various dimenfions, fome larger,
and others fmaller than this; but it may be obferved
that they fhould not be too heavy, otherwife it would
be troublefome to carry them to the gate or fally port
where they are to be fixed ; and if they are too little,
the effe@ would not be fufficient, and therefore would
be ufelefs. In fhort, the largeft thould not weigh above
~70 pounds when loaded and fixed to its plank, and:the
-Jeaft not lefs than 45 or 50. -
It will be eafy to make any other petard larger er lefs,
in proportion to this, whofe diameter of the bafe is
given, by making all the other parts in the fame pro-
portion ; thus, fuppofe the given diameter is 10 inches;
to find the height between the two bafes, fay, the dia-
mcter 8.5 is to the height 9, as the diameter 10 is to
the height required, which will be 10.59 inches; and to
find the thicknefs of metal, fay, the diameter 8.5 is to
the thicknefs of metal 1.6, as the diameter 10 is to the
thicknefs required, which is 1.9 inches. In the fame
manner the dimenfions of any other part may be found. -
The common way of loading the petard, and the beft
‘in my opinion, is, to fill it gradually with powder, and
-every two or three inches thick, to puta wooden mould
-into the petard, which being beat upon with a mallet,
fo-as to prefs the powder as clofe as poffible, -without
bruifing the grains, and when it is quite full, the board
is put upon the powder, and over this a cloth with rofin,
and bound round the brim with packthread to keep the
charge and board together, till the petard is fcrewed.on
the plank or board ; then the part that exceeds the brim
-is cut off, and the other being preffed by the brim, fpre-
vents any air coming to the powder. :
The board to which the petard is fixed, is about two -
feet long, 18 or 20 inches broad, and 2.5 inches thick;
. . . it R
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it ha‘svtwo iron bands on the back, placed crofs-ways,
and a hook to hang it up againft the gate or door, b
means of a fcrew, when it is to be ufed. "

Some moiften the powder with fpirits of wine, and
dry it in the fun to make it fironger, and then fprinkle
every layer of powder of two inches thick with mercury,
upon which they lay powder again, and prefs it down,
then fprinkle it again with mercury, and continue fo till
the petard is filled; but in my. opinion good powder
alone, well prefled down, is fufficient to produce the
~ defired effect. ‘

Petards have been much out of ufe fince King #7l-
liam’s wars, when Mr. Feuguier forced open many {mall
towns in Germany by their means; but the danger that -
attends it, has deterred officers and partifans from ug-
dertaking fuch enterprizes. Nor do I find any other
nation but the French have ufed them, and even they
did not ufe them in the late wars. ~

PART VI
The praclice of artillery at bome in time of peacey and its
Jervice in time of . war. - .

; AVING given in the former part of this work
1 the conftructions of the feveral pieces of artillery
now in ufe, as likewife thofe of their carriages, in the
moft concife and eafy manner we could, we intend to
give here a defcription of what is practifed at home in
time of peace, -in order to inftrut the gentlemen cadets
and private men in what they have to do upon the dif-
ferent occafions that ‘may happen in time of war; and

then we fhall deferibe the different operations in the field-
and in a fiege, taking the liberty of making oblervations
wherever we think the prefent practice may be improved ;
. L2 . not



148 ARTILLERY.

not with any view of prefcribing rules of my own
making, but only to fet before the judicious reader fuch
things as may poffibly be of fervice to thofe young
gentlemen, who have not had an opportunity of leatning
them in real fervice; for we do not prefume to offer
thefe fentiments to thofe experienced officers of artillery,
whofe condu€t and courage in the late war, fo well
known to every military gentleman, exempts them from
all fufpicion of being deficient in any part of their duty.

The practice at bome.

In the fpring, fo foon as the weather permits, the
exercife of the great guns begins, with an intention to
fhew the gentlemen cadets and private men the manner
of laying, loading, and firing the guns, at various
diftances from the but or mark ; and as the line of di-
re@ion is not marked upon the guns, they have a fmall
inftrument called a perpendicular, to find the center line
or two points, one at the breech, and the other at the
muzzle, which are marked with chalk, and whereby
the piece is directed to the target; this being done, a
quadrant is introduced into the mouth, in order to give
it a proper elevation, which at firft is guefled at, ac-
cording to the diftance the target is from the piece.
When the piece has been fired, it is fponged, to clear it
from any duft or fparks of fire that might remain in it,
and loaded : then the center line is found, as before ; -
and if the fhot went too high or too low, the elevation
is altered accordingly. This way of firing continues
morning and evening for a month or fix weeks, more
or lefs, according as there are a greater or lefs number
of recruits. In the mean time, others are fhewn the
motion of quick firing with ficld pieces, ..

ReEMaRrKksS.
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REMARKS.

No gun is ever turned fo true, that the cutfide cor-
refponds exaétly with the infide ; becaufe, if the blunt-
nefs of the tools and the heavinefs of the woik is rightly
confidered, it will be found morally impoffible that it
fhould 5 and the manner of laying pieces, or finding the
line of direction, by an’ inftrument applied on the out-
fide, can be but very dubious and uncertsin; it alfo
mifguides the gunner ; for when the perpendicular is not
always placed exactly in the fame manner, it will give
different lines of dire@ions, whereby he is not azle to
judge when the fhot does not hit the mark, whether it
is owing to his want of fkill, or to the falfe dire&ion ;
and confequently is never certain whether he underftands
his bufinefs or not, I fhould imagine, that if the line
of direftion was marked, as was formerly the cuftom,
with a flit or caviry at the breech, and a button at the
muzzle, it would be much better ; for though this line
fhould not exatly anfwer the direQion of the bore, yet
when the gunner has apce found out its defect, he will
eafily know how to rectify it : this I have feen in a piece
formerly in France, which, when dire&ed at the mark,
went a great deal to tlie left; but the gunners, after the
firtt fhor, hit the mark with'it as well as with any other.
It is true, that an objection is' made againft this fixed
line 5 for it is faid that the platforms are ncver laid fo
exaltly level, but that one wheel will always be higher

than the other; and in that cafe the line of dire&ion
‘muft be falfe. But as I never have feen a platform
made without a mafon’s level, and this is, as far as [
know, an univerfal cuftom, I cannot fee any foundation .

for this objection ; but let us fuppofe that one wheel was

a trifle higher than the other, this would caufg very

little error in the diretion,*which however the gunner

would reétify the very next fhot : but though the plat-

form fhould be level, it is faid the wheels do not always

L3 ftaod
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ftarid exatly in the fame place, whereby the line of
direction is changed every time ; this the gunners always
take care of, by marking the fituation of the wheels,
and the hind part of the carriage with chalk on the plat-
form., Therefore, fince the laying a piece with the line
of diretion upon it, is more expeditious, and at the
fame tim¢ more certain, it appears to be preferable to
the common pratice, - ,

As the quadrant is introduced into the mouth of the
picce, mercly to know its elevation, and when the fhot
goes either higher or lower than the mark, it is lowered
or raifed by guefs only, without having any rule to go
by, the ufe of that inftrument can be of no advantage
in pradtice; on the contrary, it prevents the gunner
from learning to judge by the eye, what elevation the
picce fhould have’ according to its diftance from the
obje@, which he fhould be able to do when he comes
to real action; for which reafon it ought to be rejected,
as well as the perpendicular, whether a line of direction
is marked on the piece or not. .

As the intention of the exercife in time of peace, is
to render the young artillerift fkilful in all the different
branches of his bufinefs, I think, that if fafcine batteries
were frequently raifed, ‘and ‘platforms laid, that they
may know how to do it iri time of ‘war, and at the fame
time accuftom the men to fire through embrafures, it
would conduce very much to their perfection : for the
manner the exercife is carried on at prefent upon a ftone
platform, without any declivity, and without breaft-
work, can give no true idea of the firing in a fiege ; the
moft it can do is to reprefent a faint notion of firing in
a batile, "where no battery or platform is made, except
in fome cafes where a poit is to be defentled. I know
an excufe'is made, that it is the duty of the engineers
and not tliat of the artillery officers to make the batteries,
and they have hitherto made them accordingly, as far
a3 T'konaw : yet ‘asthis cuftom is grounded upon very
exroncous principles, as' we fhall prove, it ought to be

' n abolithed,
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abolithed. For how feldom does it happen that an
engineer in this country has an opportunity to make a
battery ? and when he has, how fhall he know whether
the embrafures are rightly made, or what declivity the
platform fhould have, except he is well acquainted with
the artillery, or is inftructed by the officers of artil-
‘lery ? It may be faid, he ought to be acquainted with
what has been dane by former engineers; but as the
Jength and weight of pieces is changed almoft every day,
and of courfe the making the embrafures and platforms
muft change likewife, it is impoffible he fhould know
how to make a battery in a proper manner, unlefs he
was ordered to-make experiments every time that pieces
are changed, which is never done. Whereas, on the
contrary, the officers of artillery are on the fpot, and,
by firing thefe guns, have all the opportunity they can
wifh to determine thefe things ; and to thew the neceffity
of it, we fhall give an inftance which makes it evident:
formerly, when a 24 pounder weighed from 51 to 52
hundreds, and its length was 10 feet, the platforms were
then made 18 feet long, and g inches higher behind
than before ; and now we make 24 pounders, that weigh
but 17 hundreds, and whofe lengths are 5.5 feet; and
as it -may happen that thefe pieces are ufed upon a bat-
tery, how fhould an engineer be able to raife one pro-
perly.? ahd if he makes it as cuftomary, the guns wilt
run off their platforms every time, by which the fervice
will be retarded, and who is to be blamed ? not the
engineger, as I conceive, fince he had no opportunity to
try thefe pieces before-hand. Again, the diameter of
the wheels for heavy gun carriages is 58 inches, and
that of the light pieces 50 only ; fo that the height of
the embrafures muft be made L fs for the latter than for
the former. The diflance of the battery from the ob-
ject depends on the range of the pieces; and as_the
light carry not fo far as the heavy, by reafon that their
charges are lefs, a battery for the light pieces muft be
neargr the object, than that for the heavy. = And fince

’
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no one can be a better judge than the artillery officers,
who daily practife them, they are thercfore the propereft
to direct the makmg of batteries.

As the word point blank is often mifunderftood, we,
fhallendeavout to défine it liere according to the general
and propei - acéeptation 3 which is, fuppofe a piece ftood
upon 4 level plaih, and laid level, then the diftance
between the' piece and the point where the fhot touches
the ground firft, is called the point blank range of thag
piece; but as the fame ’Pxece ranges more or. lefs, ac-
cordmg to'a greater or le charoe, the point blank range
15 to be urdderftood to be that, whcn the pxece is loaded
wub that chargc, which is ufed commonly in aéhon
It is' therefore neceffary that the ranges of all pieces
fhould be ‘known, fince the gunner judges from thence
what eélevation “he is to give to his pieces, when he is
either farther from or nearer. to the obje to be fired at,
and which h¢ can do pretty nearly by fight, cfpec:ally
if he has pra&ifed it often.

Ricochet firing is likewife neceffary to be praé'tlfcd
that is, the pieces are elevated from three to fix degrees,
and loaded with a fmall charge,” in order that the ball
may be bound 4nd roll along the infide of the parapet ;
for. which reafon a front of a polygon fhould be made,
to fliew the gunneis clearly the objet of thefe batteries,
and toltry and find the charges for various diftances ;
but -as :n6 work of thi¢ kind 'has hitherto been made
{théughracearding”to the ‘inftrultions of the academy
thete ﬁ)ould)f)pxquets of ftakes might be placed at pro-
per diftances, <o repreﬁ’nt'ﬂ‘)e traverfes or the angles of .
the front of the pelygon, ‘which will anfwer the purpofe
nearly ias' well as 'iff there were teal works, As this
methodiof fiting ' faves a great deal of powder, and is
more EaﬁgerOUs thait ‘the ufual’ way, as will be fhewn
hereafter, [ ouOht’by all mc&hs to be pra&xfcd in time

of g ,,
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Afte‘ the gun exerctfe is over, that of . mor¢ar 'beglhs,
and - fometimes they are carried on- both together 3 the
ufual manner is thus : 2 line of 12 or 1500 -yards. is
traced in an open {pot ‘of ground, from. the plage- where
the mortars ftand, and ‘a flag fixed on the gnd; this
being done, the ground where the mortars € to- be
placed is prepared and levelled with fome- fand, folas
they may ftand at an elevation of 45 degrees ;-then they
are loaded with a fmall quantity of ‘powder-at firfl, but -
increafed afterwards, by an ounce every time, till it™is
loaded with a full charge : the times of the flights of
the fthells are obferved, to dctcrmme the length of the
fufes.

The intention of this praé’tlce is, wheu a: mortar
battery is raifed in a fiege, to know what quantity of
powder is required to throw the fhells into the works ‘at v
a given diftance, and to cut the-fufes of a juft length,
that the fhell may burft as {oon as it touches the ground.
This is certainly a very good method, with regasd to
its intention ; but in a fiege fhells are not er never thould
~ be thrown with an anon of . 45 degrees, but in one
fingle cafe only, which fcarcely ever- happens; that is,
when the battery is fo far off that they cannot otherwife
reach the works. For when fhells are thrown from the
trenches into the works of a fortification, or from the
. town into the trenches, they fhould have as little eleva-
tion as poffible, in order to roll, along, and not bury
themfelves, whereby the dg,mage they dos and the. terror
they caufe to the troops, is much greaten than if they
fink into the ground.” On the contrary,: when fhells are
thrown upon magazines, ar any other buildings, with '
an intention to deftroy them, the mortars fhould be
clevated as hngh as poffible, that the fhells may acqurre (
a greater. force in their fall, L

\ d
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It is faid that howitzes are made to throw fhells with
a fmall angle of elevation, and therefore it is not ne-
ceffary to ufe mortars for that purpofe, and that an angle
of 44 degrees is fufficient in a bombardment;. which
may likewife be done with lefs powder than at any other
clevation. ; :

Granting this, I fhould be glad to know the ufe of
mortars, at leaft of the fmall ; fince no lefs than 13
inch are or ought to be ufed in throwing fhells upon
magazines, and even thofe are not always fufficient ta
break through the arches of powder magazines ; there-
fore itwould be needlefs to carry any {maller to the field.
But the true reafon is, our mortars are immoveably
fixed to their beds, and the cuftom has prevailed for
fome: years, to lafh them ftrongly with ropes to their
beds, which could not be done if they were moveable,
and the belief that without this lathing they would kick
up before, and fall backwards when fired. But to con-
vince the reader of the infufficiency of this reafon, he
muft know that the Frenck never lath their mortars,
though they are much fhorter and lighter than ours,
and often fire them with an angle of 75 degrees, with-
out their ever falling back, as we abfurdly -imagine.
This is demonftrable without having recourfe to any
experiments 3 for we have fhewn thar confined powder
aéts every where alike- when fired, but being refifted ia
pieces of artillery on the fides by the ftrength of the
mesal, the fhot is driven forwards, and aéts hikewife on
the oppofite part fo as to make the piece recoil, Now
as action and re-ation are: always equal and oppofite,
. whilft the a&ion on the upper part of the chamber
endeavours to raife the mortar,. that on the under fide
oppofite to the other .aéts with the fame force down-
wards 3 and therefore thefe two forces being equal, and
in oppofite directions, they deftroy each other. Hence,
there is not the leaft occafion to lath the mortars to their
beds, nor fix them immoveable, as hitherto has been
the cutom, ) ‘

. . T2 . N. B‘}
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N. B. What we have faid here relates to land mortars
only 3 for thofe en board bomb-vefitls are fo hedvy,
and the motion of the thip fo variable, thdt-ic
would be needlefs to attempt any other method than

what is ufed. = S i e
In firing mortars no wadding is ufed here opon-the
powder, in order that the. blaft of the powdér:in) the
chamber may-light the fufe of the thell byymeanswof a
quick match; on the contrary, the Freach put a.wad
upon the powder, and fill the reft of the chamber with
earth ; and when the mortar is fired, one gunner fires
the fufe, while another fires the powder.in.the chamber,
But as the fufe might by chance take fire before the
powder, the thell might burft in the mortar, fpoil it,
and endanger the lives of the men, and as the earth can
make but very little refiftance, the powder atts nearly
with the fame force as if there was none; therefore
this method is very defective, and much .inferior to
ours.

Inftead of loading mortars with loofe powder, as is
the cuftom, I would chufe to ufe cartridges as well as
in guns, for the following reafons; becaufe when the
powder lies loofe, its furface fpreads near horizontally,
fo that the lower part lies nearer the fhell than the upper,
which makes its effect much lefs than it would: be were
it confined ; neither can the chamber be filled with as
much powder as it can hold, for which reafon they are
always made larger than they fhould be, whereby the
effeCt is never fo great as it would be .otherwife: thus
in our thirteen inch mortars the chambes holds nine
pounds of powder, whereas it:is-well known that fix
pounds is the moft that is wanted ; and fince loofe pow-
der never alts with that force it does when. confined, it
is evident, that the firing mortars with loofc powder is
not fo advantageous as when they afe fired with car-
tridges. Another advantage this manner has over:.the
ather is, that when thé chamber is not filled, the ear-
tridge may be left clofe ta the fhell, and the empty fpace

. at
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at the bottom of the chamber, whereby the powder a&ts
with more violence than if the powder was at the bot-
tom of the chamber, and the empty fpace near the
thell ;, this colonel Defaguliers and myfelf tried many
times with half the charge, and the range was always
nearly double in the firft cafe than in the fecond. When
the powder is loofe in the chamber, if a piece of writing
paper be put over it to keep it up, it will make a greater
range than otherwife : all this confirms, that with lefs
powder a greater effect may be produced, than with a
greater quantity, which ought not to be negleted.

We have fhewn the inconveniency of fixing mortars
to their beds fo as not to be moved, becaufe they never
will produce the effect that might be expected ; we fhall
add another rcafon, which i 1s, that when the charge is the
fame, and the elevation varies, the rules of projectiles
may be ufed, which, though deduced from the theory of
bodies moving in a non-refifting medium, and the re-
filtance of air is confiderable in fwift motion, yet they

will give the ranges very near under 1200 yards; for

which reafon we thall fer them down here, leaving it tq
praltitioners ta try them, or let them alone, as they
thmk propcr

Prmf?mzl rules for borizontal ranges.

I» Tbe range of a body projeﬂed with an angle of 15
dfgree.f, is balf the range of that body, if projesled witk
tie fame force with an angle of 45 degrees.

11." Kbe range of -a body projecled- with an angle of 45
 degrees, is cqual to sbe fquare of the time of its flight, ex-
preffed in feconds maultiplicd by 16.1 feot,

1. Jf a body ke projected with the fame Sorce, but with
different angles of elevations, the horizontal ranges are as
the fines of annles double thofe of the elevations nﬁeﬁzwly.

. IV, The
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1V. The times of the ﬂtgbt: of the fame body, projefied
with the fame force, with different degrees of ele'vafwn:,
are 10 tach otber as tbe JSines of the angles of elevatwm. o

Thefe rules are demonﬁrated in my Elements of’ Ma!rhc-

matics, Book the fourth, Sc&lon the th:rd et
rl) ,l t
Db g
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Let a body projested with an angle of 45 degrets of deva-
tion be 12 feconds in its flight, what is tlw bor‘zz“ontal.
range ? Ca s
The fquare of 12 is 144, which multlphcd by 16.1,

gives 2318.4 feet, or 772.8 yards, by rule the fcoond

tor the range required.

EXAMPLE II.

If the range of a body projeled with an angle of 25 de-
grees be 200 yards, what will be the range if the body
15 projefled with the fame force urzder an angle of 30
degrees ?

The fine of 50 degrees, double of 25, is 76604,
and the fine of 60, double of 30, is 86602 ; therefore
76604 : 86602 : : 200 : 226, equal to the range re-
quired by the third rule. :

Examrpre I

If the range of a body projecied with an angle of 20. degreés
be 200 yards, wbhat muft .the angle of elgvation be to

prqeﬂ the body with the fame force g1 a. diflance of 3c0
Jyards ?

The fine of 40 degrees, double of 20, is 6*27‘?
whence 2c0 : 300 : 64278 96417, equal . to the fine
of the angle double the required one : this finc anfwers

to
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to an angle of 74 degress 37 minutes, half of which
is 37 degrees 18.5 minutes, for the angle fought.

, Examrre IV.
The botizontal range of a body projesied with an angle of

45 degrees being 1000 yards, to find the time uof its
Sught ? »

Then fay, as 16.1 feet is to the given diftance 3000
in feet, fo is unity to the fquare of the time required,
‘which is 186, whofe fquare root 13.6 feconds will be
the time required,

ExamprLe V.

: If the time of flight of a body prejected with am angle of
45 degrees is 20 feconds, what will be the time of the

Jame body projeited with the fame force with an angle of
35 degrees ?

As the fine of 45 degrees is 70710, that of 35 de-
grees 573575 whence 90710 57357 :: 20 ¢ 16, equal
to the time required.

This laft example thews how to compute the time of
the flight of a fhell when the range can be meafured,
and from thence the length of the fufes ; as likewife at
fea, where the diftance is known from the mortar to
the obje@, the time being computed when a fhell is
thrown, it may be known whether it fell fhort, or goes
beyond the object, according as the time obferved of
the fight is lels or greater than the time computed.

Thefe are neariy all the different exercifes of the
artillery in time of peace, except that the men are thewn
fometimes how to take the guns off their carriages, and
to put them on; whence the reader may fee, that the
artillery art is chiefly reduced to fire guns and mortars 3
but as thefe exercifes are foon over, and a great deal of
‘ B : time



1

.

ARTILLERY. 159
time is fpent in doing very little, which generally makes
the .private_men get idling about, fpend their- money,
.and do mifchief for want of ather employment, I pro-
pofe the following fcheme to employ them for the good
of the public, without any hardfhip to them. o

When all the field exercifes and that of fmall arms
are over, and nothing to be done, a detachment of
‘private men, commanded by young officers, confiting
of about a fixth part of* the garrifon, fhould be ordered
to attend the laboratory, to make and prepare all kind
of military ftores that are neceffary, during three hours
in the morning, and three in the afternoon; at other
times they fhould be employed to make fireworks for
-the ufe of artillery,+and for rejoicings ; this would be
no hardfhip upon the foldiers to be employed once
a week for fix hours, the officers would have lefs trouble
to keep them clean and fober 5 ‘they would fkewife
know how to prepare thofe ftores when they are wanted
to be fent abroad, where there is no laboratory, and yet
- neceffary to be had. Laftly, great expencés would be
*faved. to the public, without any hardfhip or detriment
to any body. : . SRR
. This would-da{o be¢ a means to inftruét the young
- officers in that branch of their bufinefs, of which they
thould not be ignorant :* for how: often does it happen,
when a detachment is ‘fent to the Eaff or Wept-Indies,
- where having powder, fhells, and fhot, it is neceffary
to make grape fhot; fill the fhells, and drive the fufes ;
or after having gained a vitory, to make fireworks for
rejoicing 3 now if an‘officer does not know to’ order
‘how thefe things ate to bé done, what a figure muft he
make before a commander in chiéf, who- requires it of
him, and expets he fhould be able to do it ! )
- I think it alfo neceffary that an artitlery officer thould
know the names of “every thing'‘néteffary for a -field
equipage, efpecially of all the part§of a-gun, a mértar,
- and their carriages ; for if -any atcidents happen in a
fiege, how can he fend word to ‘the‘wotkmen, ‘who are
T ¢ generally
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‘genevally in-or neac the pask 'of antillery, of what #
wanting 1 'for shey, mot knowing what is broke, muft
cotme pprheps z mile to- fee it -and go back again to
froch iby in the mean cimre’ the pidce cannot be fired,
whercby the f¢rviceis retarded, :
Is appears alfo to be neceffary upon many occafions,
tharthe officers thould be acquaimted with the principal
confiraétionz of gun and mortar carriages ; for it may
»: tHat when they are fent upon an expedition to
the: Eaft.or Wefi-Indies, where either new carriages may
be wanted, or old repaired, they may always find wood
and ‘iron; as likewife fmiths and carpenters in the
country, but who not being acquainted with this kind
of :work, .if he knows how to dire® them, it will be
borh an advantage to him as well as to the fervice : ‘it
may be faid, that there are always workmen fent with
thofe .detachments by the board of ordnance, whofe
duty.it is to do thofe things ; burif thofe artificers thould
die, which may happen, what muft be done then? if
the officer does not know how to direét othets, the con-
fequence will be, that the fervice muft be retarded, an
who will be blamed ? :

- It i likewife very material, that an officer fhoul
know the quantities of ftores and their kinds that are
required upon any expedition. It is true that this detail
is commonly made out at'the Tower ; but if by miftake
any material article fhould be omitted, when he comes
to an action and wants it, the commanding officer would
blame him, and not thofe that: fént them.

The fervice of ARTILLERY int a land engagemert:

The pieces are -generally placed upon fome rifing
grotnd before, and at the fides of, the firft line; where
the enemy is fuppofed to make the greateft effort; or in
fome viltage, garden, or near fome hollow way through
which -he can ‘march; and as they are to advance or
retreat; according as  thé army-moves and the enemy
o approaches,



ARTILLIER Y . 1b
approaches, there is na tinie for raifing batteries; except
a {pot of ground is taken pofleflion of the night beforey
which is advantigeous:for coveriag either a wingjor the
cetitet, and neceffarily to be kept and defended yrithe
heavieft pieces fhould ie placed there; ‘and the others in
the moft advantageous manner the ground:will:adthit
of : every time they are fired the'men. advance them v
the fame place again; fo that when the guns.are once
pointed right, they continue fo all the time they. remain
in the fame place. Our prefent light pietes -ate won-
derfully well adapted for this fervice, the men:being
able to miove them as they pleafe with verylittle trouble,
and the fcrews ufed to keep them at the fame elevation
are much more convenient than the coins which were
ufed before, becaufe they fly off every time the pieces
are fired. : : C o
At firft the guns are fired with. balls, but when the
.enemy comes near, they are then loaded with grape
Jdhot. ; In this cafe the,charge thould not be fo much as
befcre, becaufe it has been found by experience, that
‘when the charge is great, the fhots fpread too much,
by ftriking againft each other, whereby many of them
do no execution, which fhould be avoided if poffible.
In my opinion a fixth part of the weight of the fhot
~will be fufficient upon this cecafion. But when picces

_are loaded with balls, one fourth, or perhaps one fifth
- will be the proper chasge, fince no more was ufed in
our light pieces during the laft war. .

It has been obferved.-by feveral artillery officers, .that
howitzes might be ufed in an engagement to very great
advantage, if they were placed in the flanks, fo as ta
fire obliquely upon the enemy’s line, or amongft their

_horfe, when loaded.with fmall charges, that the fhells
may roll and bound aJong, whereby a.great diforder
would enfue among them ; which being perceived, if
they are brifkly charged, might be the means of gaining
the day. For it.muft be obferved, that cannon fhot
pals fo fwift through the ranks, that men are killed

M withoug
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without feeing the danger, which the reft'look upon as
an accident attending theit bufinefs ; but when they
perccive the fhells rolling along with their fufes burning,
and exﬁe&ing them to burft every moment, the braveft
amongtt them will hardly have the courage to wait for
their coming near him., , :
When picces are fired with cartridges, the bottoms
will remain in them whatever care can be taken ; they
muft therefore be drawn from time to time, or elfe they
will accumulate {o that the tubé’ ¢annot reach the pow-
der. The fhorteft way of doing this, is to fix a worm
at the head of the fponge with a good fpring, fo as
when it is preffed upon, it may fponge the bottom of
the piece, and draw out the remaining bottom at the
fame time; for all other methods propofed by fome.
artifts are infufficient. Another method I think might
hkewife do, is to picrce the vent from behind the breech,,
in the manner the Saxon guns were,’ whereby the tube
cannot mifs to reach the powder, provided it is of a
fufficient length : befides, the cartridge being pierced in
the bottom, fome grains of powder may probably fall
between the cartridge and the end of the bore, and fo
blow out the bottom with the reft. - )
Itis to be obferved, that the powder carts fhould be pear
“ the batteries, not only to fupply them with powder, but
likewife the troops near them, when that which they re-
ceive before the engagement is all fpent; becaufe batreries
"are objets or marks of fuch a nature as to be known at'a
great diftance, whereas, when the powder is placed any
where eHe, the troops do not know where to find it if
they are in want. But at prefent every battalion has
‘two field pieces to attend them, which I fuppofe have
powder carts along with them, that contain a fufficient
quantity to fugply the battal}ons.

-
I A

~. -
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e
. The fervice of ARTILLERY in an-gtiack, ..,

The Frft barteries erected in an attack are geherally
placed about a hundred yards before the firft. paralle}.
upon a rifing ground, if there is any that lies conye-
niently, ‘and as ‘they commonly are made for ;gchg
firing, muft be at right angles to the faces ‘produAcfed','o%
the works in the front attacked, and there being eighg
faces in the front, when there are ravelins and a covert-
way, fo there muft be eight batteries, each of four
yuns At leaft, befides fome mortars placed in the famé

tteries. , ,
- When ricochet firing is ufed, the pieces are elevated
from thrée to fix degrees, and no more; becaufe if the
- ~tlevaion is greater, the fhot will only drop into. the

work, without bounding from one place to another
they are to be loaded with a fmall charge, and directed
in fuch a manner as juft Yo go over the paraper.

Mr. Vanban fays, that half a pound of powder is
fufficient for 2 12 pounder in moft cafes; which is one
twenty-foutrth part of the ball’s weight: thereiore where~
ever this firing can be practifed, it thould be «oqe, fince
it faves much powd:r, and the picces will not be heated
Jet them be fired ever fo much,  The faine batteries will
likewife ferve to difmount the betieged guns placed in
the faces oppofite to them 5 but in that cafe the charge
muft be one tourth, or one third of the fhot’s weight,
The chief engincer and the commander of artillery
confult together how to place thefe batteries, and when
the places are fixed upon, the pioneers are fet to work,
under the command of an artillery officer in the French
fervice, where they have a particulir number called
commiffaries, who are not attached to"the regiment of
-artillery, and when 'the ground is thrown up, the gun-
ners make the infide facings with falcines themfelves,
as likewife the embrafures, and lay the platforms; for

nobody can be a better judge how to do this work than
' B 2 they,
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they, ‘2dd theréfore they. ought .to pradife it in time of
peace, as we have obferved before. .

* The next batteries to be raifed are thofe for making
breaches,’ and to deftroy the flanks : the firft are placed
upon the glacis, within 18 or .20 feet of the covert-
way, direCtly oppofite to the faces in which they are.to
make breaches, and the athers alfo upon the glacis at
the farhe diftante from the- covert-way, oppofite to the
flanks. This diftance is left for the thicknefs of the
brealt-work or parapet.. -+ v . : ‘
- It has been cuftomary to charge the pieces with half
the weight of the fhot ; but experience has fhewn, that

done third or lefs is fufficient 3 for provided that the fhot
Juft énters the wall, the effe@ will be greater than when
it penctrates a great way. The manner of making a
breach is to fire at firft.as low as pofiible, and to dire&
the pieces fo as to hit in an horizontal line near each
other ; if they are” fired together, and not one after
- another, the fhock will be the greater. _ :
" The reafon for battering; fo low is, that if the wall is
‘¢ut low in-an horizontal line, the part above falls down
‘all avonce ; whereas if. the wall above is beat down at
firft, the tubbith. covers the lower. part in fuch a manner,
as npt t6 _be deftroyed afterwards, and without which
the breach becomes .impracticable, When the wall is
‘ance beat down, it will-be advaatageous to fire fhells
into the: earth,. for each fhell will produce the famg effect
as a fittle mine ; whereas the fhot will only make a hole
‘of its own' bignefs,: witkout any..great cffet. It has
been found:that: the vents of battering pieces have been
fo'much fpolled in = fiege, as-to render the guns un-
- ferviceable + this may-be prevented by firing with tubes,
~ as irquaick firing.ir has.beon found by experience thac
thiey preferve the wen; forwie fired a fix pounder 300
" ‘rounds:in. g hours-andA27 inutes, without widening
" the vent-ih the leafty confequently this manner of firing
“faves great iexpence, finceshe fame guns may ferve in
IR SR P ¢ 1,,:»;,.~,;.,)z11 i o .many
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“'many fieges, without havifig them reaafty- a4;wgs the cafe

heretofore. s I k7 TR 2R TRV g
- The ancients made ufe of muchlarger .calibary for
battering pieces than ‘we'do 3 thef knew very welkshat
the breach is fooner made with them bm&b_cy,;imqgiqu
that the greater the foroe was, the quicker the, wiork, was.
done ; for which reafon they loaded their -guns 'wigh..as
much powder as the thot weighed ;. and-as the. flrengsh
of the guns was made:in proportion to thejeffort; they
fuftained, they became fo very heavy, as hardly to be
managed ; for which seafon none bur,24 poundess are
- ufed at prefent, whofe ftrength is made fo 3810, bear.a
charge of two thirds of. the fhot’s weight ; and though
experience has fhewn that one third was fufficient;; yet

" their weight has not been diminithed. . .- - ..
This was the reafen that induced us to -make.the
battering pieces lighter, for we made  the: thigkaefs: of
metal but three quarters of the:fhot’s diameter-af;the
vent, inftead of a whole :diameter, -ad; in":the. prefent.
And a$ the ftrength -of a pieceris:dn. proporaon;to the
thicknefs of metal, that -of. éurs will be to- that of the
prefent pieces, as 3-to. 44 -aindithe forces being nearly
- as the quantities of \powder; lours will be acted upog but
with half the force of thesaddis: god:confeqwcnﬁ?; their

~ ftrength is more than fufficient: upon slkoceafions. - .

“ Now as our new:42+pounder weighs 45 1-5.: 9,-and
~ is 10 feet long, angd che ‘old! 24.pounden-weighs. about
"~ “gr:0:0, and is only. g5 fecvdong, we sonceive that
"our new piece-is much pveférable orypaking a:breach
* to the old 24 pounderi !For:iv eavers; famher Yipto, the

~ embrafiires by fix inches, gnd of corifetjugice dass, pot

* deftroy them fo foon: s vitrequires mozithore: fagn: fo, Ma-

¢ nage it, and no-mbefd horfesac! duiawoity Apd gsiit. will
- fooner make a breath; therekcanibe ndxmﬁ(&qwdc
~ between their- ufefulaufs, < <Ab: cor shadchargge,. (I yquld
. never ufe more thalintarpspoundsiiof! pawden s dogjsthe
 forcés of thots arei4h pfdportibnssotheir mweightmylti-

* -plied by the weight of the pg/\lvder; whence a g2 9032»
r

~
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der loaded with ten pounds of powder will produce a
force,” which is to a 24 pounder loaded with the fame
. charge, as 42 t0 24, or as 7 t0 4. This is the parti-
cular excellency of large calibers, that they produce a
greater force with lels powder in proportion; and con-
fequently they. are much preferable in moft cafes. And
they have another advantage, which is, when you fire
at ‘a diftance with a proportionable quantity of powder,
the refiftance of the air is reciprocally proportional to
the diameters of the fhots nearly ; thus the diameter of
a nine pound fhot is 4 inehes, that of a 49 pounder
# nearly ; and therefore the refiftance of the g pounds
is to the refiftance of the 49 pounds, as 7 is to 4 nearly.
Whence it appears, that the firft will meet with a re-
fittance near double that of the fecond. '

Confirufiion of batteries,

Ta make a battery before the face of a vigilant enemy
ftrong and durable, and to ufe no more materials and
workmen than are neceffary, i perhaps the moft im-

ortant work in a fiege : though the enemy do not
E(I)IOW their fitvations, yet may guefs where they fhould
be, and prepares his fire accordingly ; and fo foon as he
hears the leaft noife of workmen, will do all he can to
annoy them both by his fire ahd fallies ; being fenfible
that when they are once made they will deftroy all his
defences, and difinount his guns; and when that is
effeCted, the approaches may be carried on without any
other obftacle than the fire of {mall arms, againft which
the workmen may eafily cover themfelves.

To proceed with ‘order, the quality and quantity of
the materials, as well as the number of workmen and
' their-tools,” muft be dctér;‘i}ing‘af};sicfa&]y as the pature
of thcf'!.xhi& wiil admic.” " From the known dimenfions
of 4'battcry, the quantity of the ‘materials may be de-
termined ' and ‘thejr kind 'fg'éﬁi*tﬁc;i)'r firuation.  For the
pa,ra'pct' or bi'e'a{’c-“'w'o’,rk:i%_ a8 “OF 20 feet thick, and 7.5

' o ' or
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or 8 feet ’mgh 3 each gun takes up 18 feet parapet, and
each end about 10 : the embrafures are 3 feet from the .
ground, 2 feet wide within, and 14 or 16 witheut; fo
that the merlons or part between the embrafures ar¢ 16
feet long on the infide, and 4.5 or 5 feet high,

The dimenfions of the fafcines are various, but. the
following are in my opinion the moft convenient in
many refpeéts ; their diameters fhould be 10 inches or
- circumference 31.5, and their length 16.8 and 6 feet:
becaufe one of 10 feet and one of 8 make the thicknefs
of the parapet; one of 10 and one of 6 the merlons
one of 10 the ends; and one of 10 and 8 the infide of
the embrafures : laftly, g layers make up the height
of the parapet. Another advantage of, the above lengths
is, that the ends of one layer will not be over thofe of
the next above it, and they are made and carried with
more eafe than thofe that are longer,. fuch as the French
generally ufe.

Hence a battery of two pieces. will be 40 feet long.
and requires two fafcines'of 10 feet, one of 8, and two
of 6 for each layer from the ground to the embrafures,
and four layers 8 of 10, 4 of 8, and 8 ef 6 feet, which
are required for that height ; becaufe four layers make
40 inches in height, and the under one being funk about
4 inches into the ground, thege remains 3. feet

The diftance between the two embrafurcs being 16
feet, requires one of 10 feet,. and one of 6, and each
end one of 10, that'is, three of 10, and one of 6 for
each layer ; and if we take 6 layérs, 18 of 10, and 6
of 6, which makes the parapet 8 feet high though §
layers will be fufficient on moft occaﬁons, yetic is proper
to have fome f{pare fafcines,

As the embrafures are likewife to be fecured with
fafcines, each layer requires one of 10 feet, and one of
8; fo that the fix layers require 6 of 10, and 6 of 8
feet,' and as two embrafures require , four times. that
number, that is, 24 of u;, and 24 0f 83 to ‘which mu&

4:4.". " be
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be added one to lay over each embrafure of 6 feet long,
to cover the gunner againtt the plunging mufket fhot s
which two 3dded makes. 24 of 10, 24 of 8, and 2 of 6,
for the number of fafcines .required for the embrafures.
The ends qf the parapet are likewife fupported with:
fafcines, one of 10 fect, and one of 8 : and the ten
layers 10.0f 10, and 10 of 8; and both ends 20 of 10,
ang.zg of § feet long. :

' o,\ghﬁt,a.l attery of two pieces requires 70 of 10, 48
of 8, and, 16 of 6 inall. When a battery is enfiladed
by fome: of: the outworks, they muft have flanks from
10 tq 12 feet thick, and 18 long, which requires 10
fafcipes of 10 feet, and 10 of 8 each flank ; and when -
the foil is fandy; it is fcarcely pofible to keep up the
earth on the outfide without faicines, at leaft from the
berm ta the embrafures ; for which i requifes 8 of 10,
4 of 8, and 8of 6, in any battery of two pieces.

‘Befides thefe battery fafcines, others of a fmaller fize
are required, which I fhall call pavins, to lay along the
rope which traces the plan.of tbe bactery, and confines
the earth till the other falcines are laid and picketed 5
as Jikewife to cover the ﬁ)owdzt magagines : their dia-
meter may be 5 inches oply, and length 6 fect, Thefe
m;gazir}'.es muft hold as much powder as is expended in
a day,; fuppofing a 24 paunder to fire 100 rounds in a
day, and loaded with 8 pounds each time, requires
800 Ib. or 8 barrels ; and as a barrel is about 1 5 inches
- diameter, and 30 long, 3 bavins will cover one; and

as they- are placed ofie pver anathey, 12 bavins will cover

the pawder of one 34, poupder, - , '
As '.,iﬁ,s alfo neceflary to fupport the ends of the faf-
gings iit the fropt,. the athers being laid upon the bank
of earth, and an, upright, poft, when the magazine is
large :‘1‘,511;; af; q@qxp‘timgs‘ngqvch with planks when
’ tbf‘% Q?I}‘?c)’ha&a" VRS CE TSN T ’ :
. Theéclength dof platforms. are commonly 18 feer, 8
bigad Befofs, 16,

fors, Jg.ar 16 behind ;  the planks a foot broad,
and _{i‘?’éf?!&i?é;  thick,”  The hurser.to ftop the wheels
eoned '

: - from
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from dimaging the fafcifies ez by‘ﬁ‘{hchcs %jf@“’ dnd’
8 feet long. There are ifive’ fleepers to' éaqh ;‘ﬁn o
lay the planks upon, 3 by 3 mtlfes nd’"1 8 fedt’
long ; each fleeper is fafténed by pick@fs &f&b&;"ﬁ%g )
the ground, two at each end, and two ih the*middl
and the laft plank by 4'to kecp theth clofe’ togetﬁe’r.
there requires then 32 pickets for each phitforin.” =

The fafcines muft be well bound, thbfe of 6 féet
3 bands, of 8 by 4, and of 10by 5:'the tengthof
pickets to pin down the fafcines muft be from _%‘ '
feet, the diameters of the heads from 219 3 mche Ldw:fl

_ fquared at the heads, and fharp at the poits, focrc:

ate three required for a fafciné of 6 feet ‘long, faur, for
one of 8, and five for one of 10; which makés 590
pickets in all for a battery of two pieces.- '

A foldier may make 12 batrery fafcines a day, Wwith
the pickets required, when propér wood.is’to be had
«conveniently : a horfeman may ‘make 20 bavins a day,
bound in two places only,k becaufe: they require very Tictle
care to make them neat ; for it is the cavalry that gene-
rally make thefe kind’ of faféins.

Twelve foldiers will make'a fulficiént quanr’ ity'of fal-

cines in a day for “# " es, and three
horfemen a fufficient qi the fame time.
Each man muft be pr “bill and” two
hatchers for the whéle? thc branches

from off the trees, =1 ¢

In the eonftru@idh ?F b Batéer qf tWo piécés, it:
requires 10 mallets €6 dive the - plckets, 15 fjnacfes,
fhovels, and pick-axes far: digging, according o' the
nature of the ground." 'l‘p‘ﬁﬁ been: fmmﬁ that 50°Men
are fufficient to make idbatfé of twd" |€c lin"oi)e
night, 70, go for one’of ' or ! ’Vécef“‘ P 75

"The 'following’ taBle" oneaihs’ tﬁ f;:éf dven,
their tools and materials, to conitr rr ( a:-
teries from 2 to 7¢pidtesl ﬁ%n, "aﬁ’ﬁ’eéﬁ ,i
¢ould compute thcm“’“'bu; 16 18" cBpveiRiit ré }Y
fom: fafcines and px&éld;-ts‘ fphte) gd b2 ‘re}S&if

battery,
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battery, we fhall leave it to the engincer to make whar
allowance he pleafes, -We have not inferted the number
of fafcines and pickets required for the flanks; and if
there are any, their number determined above muft be
added. We have neither marked the number of men
or materials for batteries of an uneven number of pieces,
Becaufe théy may be eafily found, by taking half the
fum of the next greater and lefs, to have the number
that is wanted.

Ricachet batteries.

P P
‘ Formetly batteries were made at the opening of the
trenches to protect the workmen, but fo foon as the
firft parallel was made they became ufelefs; and as they
aré expenfive to make, and require much time and
labour, this method has been rejected ; and now none
are ‘made before the firft parallel is finithed. Befides,
the approaches are now made the firft night as far as
the firtt parallel, and the parallel icfelf fo far as to be
finithed and perfected the next day; and when that is
done, the batteries are erefted about 100 yards before
them perpendicular to the faces produced, which they
are to enhlide i when they are compleated, do remain
till the ficge is finithed. Thefe batteries ferve likewife
to diimount the guns placed on the other faces nearly
oppofite to them. .~

As the befieged will fpare ro pains to fire upon the
woikmen, add: retatd ‘their confiruction as much as they
car, I'weuld aldviie thie engineer to continue the trenches
of cémmunication’ from “the parallel to the battery by
fap:guite ‘roundit; in taking tare to leave a fufficient -
fpaee: for the'ditch before the battery to get the earth for
makitig ‘the ‘paraper : theri 'the--workmen may go on
night arid :day 6l the  whole i§ finithed with very little -
dérfgeﬁ"{‘ st g e 3dx SO :

“Thefe firfe batiefies nuft ‘Be-#riade as fubftantial as
poffible, in ordér to refift all the fire the befieged can

: bring

/
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bring upon. them : .asvt,he‘y are too far from the warks:
of the fortification, they can fcarcely be enfiladed, and

therefore require no flanks.

-

: o —oad
_ Batteries. on. the glacis. :

" Thefe batteries are made to'make a breach: in-fome
«of the outworks, or in the faces.of the baftions, and 1o
deftroy the flaoks; and as by this time the befieged,
cannons  have been. or fhould be difmounted, except
thofe placed in the flanks, their parapets need' not be
above 10 or 12 feet thick; and as by this time the
trenches are advanced upon the glacis within 12 .ora5
feet of the covert-way, the batteries are placed in them ;.
by which lefs labour, lefs materials, and lefs workmen
are required : but as they are gencrally feen in the re-

-~

verfe, they require flanks againft the fire of fmall armss

Sometimes approaches are made ufe of to place bat-,
teries in them; 'in fuch cafes they are widened backs
wards as far as is required for the recoil ; and if the
approaches are too deep, the bottom muft be raifed to
a proper height with fafcines and earth to place the plat-
forms upon them ; and the parapet or breaft-work muft;
be made of a fufficient thicknefs, and-lined with fafcines
in the fame manner as mentioned before.

Mortar batteries.

They differ from the former in having no embrafures,
and may be funk into the ground : fo that whiltt the

workmen without, throw the earth inward to make the .

parapet, oihers within, may work to-throw the. earth
forward ; by which the parapet is. much fooner com-
pleated than thofe of cannon : the infide flope fhould
be confiderable, that the bombardier may place two
pickets, ‘one at the top, and the other about the middle,
in order to mark the Jiae of direction for each mortar.

i i .. - The

3
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. The platforms are about 6 feet fquare, 8 diftant from
-each other, and as much from the parapet, floping for-
wards, and are compofed of 6 planks of 6 feet long,
onc broad, and 2 or. 2.5 inches thick, 4 fleepers, and
about 28 pickets. As our. mortar beds are made of
folid timber, they commonly make a bed of gravel and
fand inftead of a placform ; but this method is difapproved
by the moft experienced officers, efpecially in fieges.
When ‘mertars are placed in t{ne approaches, it is only
widened fo.much as to have room tgr the loading and
firing the mortar, and the earth dug up ferves to heighten
and thicken the parapet without any other preparations.

Co L Baaery ina morafs.

To. find a' copvenient fpot of ground in fuch fitua.
tions, as likewife to make a road for the cannon and
ammunition firm and fecure, meets often with great:
difficulties, and feldom .cap be done but on or near the
caufeway that-leads to the town; and if the place is
properly fortified, it has always a flank that enfilades
the.caufeway from one end.to the other : in that cafe a
battery muft be raifed near engugh to difmount the guns
of the plice, in otder .to carry op the approaches by
zig-zagues on the caufeway, 4ill you come within a
reafonable diflance to make. a breach: the fituation of
the battery being; Gxed: upgon, fafgines, ftone, and earth
muft be thsowd in: to;maks thg. foundation of the breaft-
work . and . platforms 3, when. thig, is done to a proper
height and, levelled; the peft;9f the parapet is finifhed
with. gahions,rfome of 4 fecy diameter, agd as much in
height ; and others g feer high only for the embrafures.
.- It requires .10 for: the firf}, rew.in a battery of two
guas, -and .5 for the thicknefs.of the parapet,.that is,
50. gabiony for the .upder hed: The row towards the
' tawn muflsbe:placed: firft, and filled with earth brought

indbafkets and fand-bags, ar.elfe thefe gabions muft be
:ftuffed with wood ; then the nexr gow is placed clofe
to
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to the firft, and filled as qunck as poﬂ'rble and when
another row is placed ver the middle of the- oo firft
- and filled, the workmen will be covered againft! she fire
of the fmall arms. ~ When' this-is done the-embyafures
are marked, and gabions placed all round the:merlons,
beginning always with thofée-towards the place 5 owelfe
the embrafures may be made with- felcines as before.: .
and then the infide or coffers may be-filled witls abions,
bavins, or fafcines, and earth to fill up the‘intervais,
and make the parapet ‘ftrong and folid. - dfothe. height
of two gabions is not fufficient, faltmc&aad chpdvfmay
be ufed to make up the deficiency. R

The beds of the platforms are madew‘th fafcincsfmd
earth over them, fo as to make it fmooth and firm; and
if that is not fufficient; hurdles-may be laid upon that
bed, and more earth, and then the platforms in the
manner as defcribed before : when the whole is finithed,
and the fafcine over the embrafures fixed, the gabxons
- that mafk the embrafures are taken away, or elfe puthed
with a pcle into the ditch before it, or fo asnot to pre-
+ vent the fecing the defence of the place. :

If there is no fituation ‘near- the caufeway where the
 battery can be placed totnake a-breach, or to difmount
guns which may fee the breach; there is"no other remedy
than to carry a road madé’ ‘of fafcines, -hurdles, and
earth, either from the -cadfeway, or the neareft firm
ground to the place where the battery is to be made.

It happens fometimes that the graund where the bat-
tery can be made is feen by @ fuperior battery, -that will
‘difmount the guns of y«»m 3 in this cafe.a breaft-work
muft be made at 20 ior 30 paces before your -bastery,
and embrafures cut ia it f3-as'that you may fire through, -
‘and prevent the befieged..from difmouintibg:your guns :
this may always be‘done 'if -there is ever.foliecld bias,
-~ as it happened at Offend; when befieged dni:che. former

war by the French, ~ There wasa fpotiof ground:abeve
~ the water, which’ Mérﬁdweﬂ all-the :adjacent ground
when the tide was-in-+/ from-this 'fpotithe” hagbdiricould
, ) e T8 udy pody (ool ovw be B' be
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be enfitided. Upon the fall of the adjoining baltion to
the harbour were plaved fourteen 18 pounders, which
bore-obliquely upon the French battery of fix 4 pounders 3
but by raifing another breafbwork about twenty paces
behind the firt, they fired during the whole fiege: iimtd
the harbeur, without being feen or difturbed by the
fuperior battery of the beficged. '

Battery upon & rock. ‘

Such a fituation 13 the moft difficult of any, becaufe
there is in many cafes no earth to be found but at a great
diftance, fo that the parap:t muft be made with Ruffed
gabions and blocks of wood ; the plarforms pantly cut
out of the rock with pick-axes, and pardy filled -wich
@arth and fafcines: and if the ficwation is feen by thé
befieged guns, which can fcarcely be avoided, and the
battery not finithed in a dark night, it'muft be mafked
with large trees or pallifades, otherwife the befieged will
pour all their fire upon the workmen, to make # ‘in 4
manner impoffible to finifh it; finte the Iplinters of the
rock are no lefs dangerous than tlie ‘fhors. co

If there is no road to the rock but what paffes near
the place, the firft thing to be done is to convey the
cannon and ammunition before the befieg.d have any
notice of your intention, otherwife they will oppofe all
they can to prevent it; and if they cannor, will tender the
paffage fo dangerous, as fcarcely to make it pra@icable.

The firuation of batteries'is generally determined by
the obje@ to be battered, yet the advantage of the
ground is often taken, fuch as a hollow, hedge, bufhes,
or old building, if the bcfieged have negleéted to clear
the ground § but care muft be taken that the battery is
not too obliquely to make a breach, as it h.ppened at
Cartbagena 1n 1742, where a battery of twenty 24 poun-
ders was made in a copfe, and wh-n finifhed 1rs fitua-
tion was fo bad, that aiter a week’s firing the breach
was fo little, that a fingle man could not mount it with-
‘ v ' 5 ' out
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out being fupported. At Minorca the French made a
battery under cover of fome empty houfes ; and at the
Havannab we made batteries againft the fort Aors under
cover of awood. But when there is no cover, and you
are obliged to make a battery near the enemy, the beft
method is to raife a great heap of earth by way of a
cover, and make the battery behind it; and when it is
finifhed, the earth is puthed forward in the ditch, if
there is any. .

To fecure the gunners againft the fire of fmall arms
whilft they are loading the guns, fhutters are made the
width of the embrafures, either fliding in grooves, or
faftened with hinges, fo as to open or fhut as occafion
requires. As to the reft we refer the readers to cur
attack and defence, page 38, where they will find a
plan, and a further explanation of every thing neceffary
- nqt mentioned here. o

PART VI

Calculation of the quantity of ARTILLERY and STORES
neceffary for a field equipage,

HE eftimates of an equipage either for the ficld

or a fiege, which have hitherto been made, are -
intermixed with fo many other things, which the duty
.of an artillery officer has no immediate conneétion with,
that it is fcarcely poffible to diftinguith the one from
the other, It is true that thefe things are neceflfary in
the field, but then I would mention them in feparate
articles, and let the artificers determine what tools and
materials each branch wants. We fhall therefore com-
pute here the quantity of artillery, ammunition, and
ftores ; leaving the determination of the reft to thofe
who are employed to do this bufinefs, 'i‘h
. _ he
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The quantity of argillery required upon different oé-
cafions depends on fo many circumftances, that nothing
recifely can be determined ; not only the ftrength of
ﬁic army is to be confidered, but likewife the particular
circumftances in regard to the action they are about ; the
ture and fitpation of the country; the ftrength of places,
whether fea-port towns or inland, great or {mall, ftrong
or weakly garrifoned ; their quantities of guns and
ftores 3 in general, every thing that makes it neceflfary
“to have more or lefs artillery muft enter into the de-
tesmination before a refolution can be taken, It was
efteemed formerly, that an.army of 50000 men fhould
have 50 pieces of cannon, with all their appurtenances,
-and fo more or lefs in proportion; but fince that time
a much greater number has been ufed, efpecially now,
when two field picces are allotted to every battalion,
befides a feparate equipage, to be employed upon par-
ticular occafions. '

Sbe manner of computing the quantity of powder and fhot
Jor an army. '

I¢ will be neceffary that young officers fhould knew
the manner and principles upon which the quantity of
ftores for ap army are determined 3 for which reafon
- we fhall begin with the common light field pieces. .

The 3, 6, and 12 pounders light, are commonly
charged with a quarter of the fhot’s weight ; therefare
a g pounder requires for 100 rounds 75 pounds of pow-
der, and 300 pounds of thot neat weight, v

A 6 pounder for the fame number of rounds, 150
pounds of powder, and 60o pounds of fhot. The 12
. pounder for the fame number, 300 pounds of powder,

and ‘1200 pounds of fhot. The 24 light pounder is
loaded with 5 pounds, therefore requires 500 pounds of

owder for 100 rounds, and 2400 pounds of fhot.
hefe four pieces, which are the only calibers ufed at
' prefent
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“the: dragoons fight alfo on foot in a clofe country full of
hedg#s and ditches, where the horfes cannot pafs, they
may. be ranked with the foat. '
~ It tias been. found by ‘experience, that a man may raife
a weight equil to his own, and that he may carry or
draw" gbout ;0 pounds to a moderate diftance; and it
has been found, that one horfe can draw as much as
feven men ¥ 3 therefore a horfe will draw or carry 350
pounds; though it is commonly fuppofed, thata horfe
canidraw budt goo for alength of time; and it is upon
this fuppofiion. chat the number of horfes required in
the artillery is computed. We have found likewife that -
fix men will draw a light 6 pounder in the field back-
wards and forwards.
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Tt meft be obferved; that ﬂmngh horfesanay : didw
fuch a weight upon a &animan sarriage,ipet as thofs of
guns are fo injudicioufly.cantrived, andxhcsdmghtffo
difadvantageous, as wehavexthewn in,the cbaftruftion
of limbers, the 12 pounders and upwards pequire mare
horfes than what we have fet dowr here; Buttogivedome
idea of the number of horfes required. in: theadillery,
we fhall fet down here the: numisen employed in.the
campaign of 1747, given ta.me by Colonel: Miskolfer,
where the reader will -find:many-articles that eauidnpot
be known without expetience ; and. from. thience it Anay
be guefled what would be ncceﬁ'any. mﬁegesa,hmn ar’

NIy

> Nusber of borfes afed in the cwugc af 1}47;15 ;

Number . .- Each Total
1 Kettle deum. | ——— | G 4 w4
2 ‘Tumbrels e—— B S

6 -Twelve pounders . ' rememre 1§11 e 92
6 Nine pounders iy .o e, 11 —paol - 66
14 Six pounders . e i et 11 y e N
26 -Three pounders ... ieimsp—s: - 4 st 104"
. 2 Howitzes i) et 3 [ ey O
30 Ammunition Carts: 1 ilomr—= g e 6O
2 Forge carts  —odon 3 wpmom:i 30 s ivd

30 -Pontoons ——([ (D e O
3 Sparc camagcs ﬁd@dmﬂh —t . F e 2K
- dvroeoiled Lo u! et iy o
Sparafmrmgmfar oo, it
I ’i‘wclve pounder —_—i g .-——-5 7 '
1 Nme,pounde:.fmf,_) TRV o L5
2.9k -pounders ., . —-i% 5 ‘—-;J-L’ jo
4 Three pounde -,-)-—- +3 j— fz
) Vi 13‘ S

- - _F_SS are lzbgb&rs., a, ; -

3 Twet" POW‘ISI’Q o e 6
: N 2 3 Nine
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Nine poaeders 2 — f
2 Six pounders —_— e e—— g
3 Three-pounders - e—— I — . 3
Spare horfes o “ 20

p——

: ('Totalﬂumb‘cr of horfes  e—— o 738..
" Baggage waggens for the. officers. o

Cee e . Waggons  Horfes
Colonel - - —sims- “10
Comptrotter i
Major 7
4 Captains = 16
5 Caprain Lieutenants 15
16 Lieutenants-and Col. clcrk — 8
Quartermafter
Surgeon
Paymafter- <
Paymafter’s affiftant and»furgcon s }

il

oo OOV DWW

i_; LTI

&

ottt *

mate -
Chaplain—and Compt:-elerk == ..
Commiffary and: waggen-mafter —
2 Affiftantsto digto -~ == —_—
2 Commiffaries of flteres- - wemee
2 Clerks-of-ftores . = comemm e—smam
ConduCors-of flores—- - - oiee -
Bridgemafter
16 Engineers © - osimme’ 7 V15 cetria,
5 Company’s baggige ' emieem
Coﬂtra&ors, 4K ﬁcers o -H—--

L ! ¢ “oingery ar

. ot
L QNG N ™ 00 e 0

»o 0D ol : e e
BT VW W AW h G W WWW

b

_Toml: obidialen .'u-uq- 59

20 bog o STRTSY: BCY TS VIRV
i

oo : degfom Jor jfores’

mres ol N LA ‘/’-

Flag-waggbn- fomhc arxhyhnd Aty
lcry guard ' gu----l@ll--- add! |

_ »/I. " Picket

'~
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o ' - Waggons - Horfes
PiCket and Pl‘ovoﬂ: o ety I~ —-—g-‘-.,; 3 .
12 Pounders ftores Ce— g —s 27
9 Pounders dittp —— = —— -~ 7 ——igy
6 Pounders ditto —_— 12 —— 36
3 Pounders ditto e 1075 eebin 130
40 Rounds for Howitzes and Pe- '

tards C— T 12
" 50 Rounds Royal {s”c 2 — 6
Ammunition for 35,000 men — 122 —— 360

Intrenching tools I e— 24.. 2
Laboratory ftores =———  —— 2 w—= ., 6
Gin waggon Sl =3
Small ftores, artificers tools — 20 — ¥bo
‘Spanc waggons , 10 .= -0

. Totat - . 225
From which is to be deducted

20 Ammunition carriages 10

For three pair of boxes = —— 12

1‘ 18}

‘Total - : ( 22 66

Rcmams o + 203 — .$ag
Add baggage waggons - e . 54 o e 186
Horfes for-the guns —_— . 738

Sum total b2 ;&‘153?

N. B. Sexeral remarks are to be made on this account,
in, order o underftand-icrightly. - The flag 2un,- which
is a 12 pounder, had 17.horles.to dmaw i, Aibough
the reft bhad but-15,-which makes up the number g2
horfes for <he fix 12 pounders : with.regard g the wag-
gons, ferme were drawn by three horfes, and others by
four ; <hus the comptraller had.two waggons drawn by
four horfes, and..one by three. ~ As to the ammunition

‘carriages which &ere deduéted, the colonel forgot on
what -accouut; all he—semembers-is, that. ey were
N 3 either -
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cither detached, or were ot brought into the field that
campaign ; but as to the number pf horfes employed,
the Aaccount is right. Hence it ipgcars, that there are’
many things neceffary, which can nb otherwife be known

than by practice. e fhall therefore add an account of
the ftores carried into the field the fame ‘year, where the
regder will find how neceffary it is to ftudy that branch
of bufinefs, if he intends to be'a compleat artillerift.

“Stores for the army in }747, alphabetical.

APF‘.ORS Of‘ich h ——p—— ' v— 66
Coooee : Fore Hind
ASOIE : 2 pounders — 12
S . 9 =— = 112
Axle-tree bound, fpare <% ' - 1t 3
For tumb;cls, forge, {J¢. — e 3

. I ot, nin L s —_— 34
B’gs fo_r {ponges | e — 60
Barrels, budge | em— w— 20
Bamners for kettle drum . —. . = 2
Bayonets.... o s — 840
prrows fymet! T T &

v fguns . ee— —_— 12
Bills, hand el e——— 1499
Bridles for kettle drum chariat ===~ —— 4

" Brufheg for harnefs tg ditto - = - 4
Buckegs_gf leathej L e—— —— 36

o (1o punders —— 7
Carriages, travelling with™ =

X o — + — ' 7

limbers, compteat > gf‘.“ VY o — 23
e rre— i Q——— — 25

For 8 inch howitzes  wmerem . = wwweme . 2

-
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FOI’ PODtOonS - ;—3-—'-- L T——— 3— '
| &

. T i T
1% 1,pr(_)lmde\r_s’ "5 ujf-,* .
[N o oo .A' er, Tl '“,’;“5 ‘Iz

Le

Cartndges, ﬁannc] 9, — —"
fixed with grape )6 = === ¥7 L lMuon g,
3.

For howitzes e e 20
' ] aun _s.:’w <h oz “

.. 12 pounders ', —— ;30

Ditto with round fhot 42 — ~ T . 39

6 - 70

u.'poudd'efrs‘ S 650
9 . :'.‘_) ,,650
6 : 1550

Empty paper cartridges =

. ‘ . T "4 2220
Cartridges for mulkets - - — - op— 76152
ammunition ———— =720
, Carts forge — —_— 2
. — P ECLN SRS R

Candles {:ﬁ;‘o{i’ . e gg
Crows, iron " —_— ke g
Canteens - — s e 220
- Caps for mortars e Ce—— 6
Cartouch boxes — : _._.._.. 1000
Chariot for kettle drim - e 1 i 1
hair ——— T s ,.,_J.‘m kR 24

Cloths Oil B} Tan s i s T ]y y o

body"‘”“""""—— P ”——- 104.

Clouts, fpare § - f —~one 210 >( L1190

B ' 12" poufiders S }..__..' :
Chains, draught {9~ "7 ——s  BOLL
: ‘ g dnsdo gy 0 T ot o

‘Chains for howitzes = < 230 & oot oo 4’{* 2 g
.- . 2 T SN0t 10 2354 50 -
Coals char. buﬂxg} e 1e

fea, fack —_— R
» 1acks 0w onillswsT . Sie e

Colours, quartcr. with Jiaves =

. ‘L’g e L n;',.' Tii 40
;Lord whlp Ib. t
‘ : - - 2octiwad fdow: 3 g, .
C TN, T e
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12 pounders —_— —_ 14
- —_— 14
Coins ¢6 =~ —— - 37
- e - —_— 34
: for howitzes 4
€ouples for chain traces 500
Deals ;:0'6 - — 40
Drums, kettle, pair e — X
Effs for draught chains + — — 6o
‘union op——— r—— 2
Flags {r od - - L
mufket : ~— 198510
thts carbine , 5720
: -{ piftol —  1000Q
12 pounders . I
Formers for ¢ 6 — —_—
! 3 — Sp—
, mufkets — — 180
Forelock keys ~ ——— —_— — 423
Glue, lb. —_— —_— —_— 6
Greafe, firkins — —_— 33
Gins compleat | —_— —_— 2
’ claw “ " m— O— 4
Hammers { fmall  —— - 4
~Hand fcrews —_— — —_— 9
3 §fixed D —— . e—— 2000

Hand grenades empry~© — 4000 .
: e thill' 2 e — 9§
Horfe harnefs ":;ifw S - 4;2'
% bit halter ¢ ——n —— 484
: .- -{ kettle drum chariot, 4toafet = 1
Harnefs for meny-y2toafet . we——— - 40
Hau’:hcts,hand " enmimamene - pe—r—= 1030

Haverfacks
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Maverfacks — .
Helves, fpare, for pickaxes : «—
Heads, fpare, for kettle drums .
HMemp rubbifh, Jb. :

Hides tanned - s ,
Hooks, pairs {ﬁ?;g DS
Hoops, hazle ©  —— .
Horns, powder - . w——— —
Howitzes . —_—
flac. - S 5
hoop —_—
I__rons rod . T,
fquare — — ©
Iron priming, 4 toa fet =~ —— —
Irons for marking horfes =~ —— —_—
Kettles, copper, with covers —_—
Keys, ipring —_ I
. , 12 pounders —
Ladles with ftaves - g .o _—
. L3 —_— —_—
Ladles for 8 inch howitz — e
dark —— —
- YMufcovy —_— —
Lagtcrns_ ordinary. = e—— —
' tin Sp———— L
_ 12 pounders —
Limbers fpare 1 6 .- B —
- ' 3 o ,,' Spee— - --4--- 3
' for howitzes ——m =~ —
Links, dozens — | e—
Lines, Hamborough, Ib. - L
. with. COCkS | —— —
Liint ﬁOCl“ {withou}: 0 e—— it
Locks, ITplinter, pad | o
Linch pins, pairs e —

N

.
-
.

+3: .6

185
216
100

1000

2 39
4

o:12

3:30
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Marhn uﬂ:‘d theets ' — — ::
Mauls, large wooden - . —— r— 4
ach . —— — 29:0:27
Meafures for powder, (12 pounders —_— L
. copper, from 3 Ibv ‘}g ' P

. to } oz. from 8 oz, — —_— I
tO f fCtﬁ A— l S——— Se—— ) ¢
Meafure for-coals 1 bufhcl ‘ 1
Medicines, chefts —— — 2
- Mortars, coehorn — J— 6
ca;'tbilncs — —_— 2

iftols  w—— —_— 2

Moulds for 4E% 0 ° — :
) ditto —_— — 6
Mufkets . — 925
r4o ' —_— ———— 20000
— —— 2800

20 ‘ —_— —— 6000

10 —— o s 5OOQ

N (6. T Tl TR
- clout —— == 3500
SOPP“ -_— = 300

o S— S—— -OQ

kﬁreak T e — ?zg

s (12 pounders =~ ——— g
Ordnafna.z brafs % = . : 22
. v . " - 2 )
Pannels for carrying mortars’ * "t 6
Papqr, fine, reams —_— | —— P
- Picket lme ‘rope, 2 § inch'coils . — 5
Pickets, _gar]i, Ihod e 6o
Petards fixed e R 12
Pails, wooden R —— 6
Pontoons e —/I— 30

P)

Powder,
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Powder, ‘corned, barrets L i 'iml 1966
mufket _— 6§o

Rods for gcarbme e —— O i :ceaw
iftol C —— 0 —— > 0D

ngs for forelocks LS el Ol

12 pounders S .._.w.:..f...“ariqo”
IRt
ST 23
3 o e mf;gb
for howntzes — e ihal
T ——p -i"‘,-i 130

1

]_ﬂ _|_

) ; 9
Ropes, drag; 6

Rope tarrcd, 2 1 inch feet = o—
~ 5inch ——.;E-—- - £
Ropes, white, coils ‘3"% R YRR o
{2 === i I
Saws crofs cut _— . e—— b
Scales, brafs, pairs C — — 1
" 12 pounders —_— 6
Screws for guns <2 : 6
or guns g o f 20
' 3. e— i 26
8inch.  ——_ —/ 199
Shells, emPtY { 5.5 J— w{l 294
swmmah5 — T e
Qheen-flzine —— — e | 117

.
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Slings for guns, pairs
Spikes for ditto ,
12 pounders

||

Sponges with rammers g

3
. howitzes © — ——
Dirto for § mortars = — —
Staves for ladles — _
Shot iron for grape —_— —
S[“l . - ) C—— 1
Sticks for kettle drums, 'pairs —
Stilliard with weight to weigh bundreds ——
12 pounders —_—
Swing trees, pairs <2 "
( howitz —_—

12 pounders ——

1

9 | -_—

“Tampeons, with collars ¢ 6 D ——
o 3 —

) howitz —
Tilts, wadmill —_— S
Tarpaulins , ) —
. feld officers —_— —

captains —_— —

fubaltern — —_—

Tents { horfemens —_— —_—
S -French —_— | ——
N : »-hbm‘&tory N C - eee——— S—

. - l'le ——' Oe—
Thread —gpack, b e

300
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Hand
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Hand mallegs of fores for ditto: - ' e 16
Small coppcr ladles { 54 — —_— 6
hand © —— . .6
Setters of wood for fufes —_— — 4
Mealed powder,. 1b. — — 210
Sulpburifublimage, 1b. . e — 74
Compofition for fufes, 1b. . 25
Quick match, b, ' — —— 62
Port fires — arb
Rockets of 2 lb for fignals — 12
Rods: for ditto — —_— 12
Canvas, ells — e 6o
Cotton wick, Ib. —— — 40
Spirits of wine, gallon Py
Cutting knives ——— —_ 10
Rafps with handles . —— _— 6
Sciffars, pairs _—_ —— g
Pincers for fufes —_— —_— 6
Small hanlgll fawsbp : s 6
aitin xXes 3T g+ - G 2
A Coppqr funnegls for fhells =~ wop— | —— 2
Melting ladles of forts ' =e . —— 4
Mealing table — —_— 1
Trufles for ditto = ' ommmbeia, ¢ e—— c 2
 Rubbers for ditte e 0 e— 2
-Hand-brufhes o e—— g
Sieves with tops and bbtuoms dawn — 2
Drawing kdives: - e ¢ o 3
Quadrants ~ Lamanes o LRI 2
Maching to draw fufes . @ e — 1
Kit ilb — —— 45
Ml O D10 il 113 4 ompmem— I
'Laboratory cheft, with padlock and key . — ' ¢

qoastiod ¢ o wmied 1
23iad thbeacepuntsfiom the Tower, -but could have
withad cthatithe partiellays of caich -fort had’ been in
&Qarate <“itieles, Whicte we amighe: have done, were it
IEREDY

not
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‘not that'we thought the reader would be pleated to fee
the order and the pamculars as cu&omary

id

“Order of Gmeral Bnronn s mmb of the An'ru_x.naf.

1.. A guard of the army. wo T
. 2. The company of. miners, wnth thc:rftumbrdl of
tools, drawn by 2 horfes. Ou

3. The regiments of artillery front guard.‘ ool L

4. The kettle drums drawn by 4 horfes, andxmo
trumpcters on horfeback.

5: The flig -guri drawn by 17 horfes, andﬁ#e 12
pounders more, by 15 horfes each.

6. Eleven waggons with ftores for the faid guns, and
one {pare, by 3 horfes each. $

- ». Six 9 pounders drawn by 11 horfes each. .

8. Nine waggons with ftores for the faid guns‘ and
one fpare, by 3 horfes each. . . - o

9. Five long 6.-pounders,- by # horfes: eachu

10. Seven waggons with ftores for duzo, and a fpare
one, drawn by 3 horfes each:

11. Five long 6 pounders,uduwn by.7 horfes each.

"12, Six waggons with- ﬁores ﬁqr duto,. an¢ a fpatc
ene, by 3 horfes each. ... '

13. Four long 6 poundess, by 7 horfcs each L
- 14. Five waggons with-{tores for ditto,. amd 3 fpare
one, by 3 horfes each, .- .. :

15. Two howitzes,~by: g horfes cach, . .
" 16. Four waggons with ftores for dittoy:by 3 hocfcs.

1. Six fhort 6 poundess,- by-2 horfes eacha: - ... _

18. Three waggons with ftoresfor ditto,. by. grberfcs

¢ach. —_— a.0
19. -Six Royals with their fores in four mg;ns, by
g horfes each. < ¢ v The el s o

20. One 12 pounder car;xage, by 7 horfes ; one 9
pounder carriage, by, 7 ; onelongG.pewnder carriage,
by 55.two fhort, by 23 one fhort andipne. lOltgdltm‘
bers, by 1 horfe ;.:aad two farges, by.2.edehs ».00 0

2I. Twenty
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21. Tweoty ammunition carts, by 3 horfes each,

22. Nineteen waggons with mufket cartridges, and
one fpare, by 3 horles each.

a23. Thirty waggons with powder, apd one fpare, ly
3 horfes each.

24. Thircy waggons with mufket fhot, and one fparc,
by 3 borfes each.

25. Twenty-five waggons with mtrenchmg tqols,,{nd,
one fpare, by 3 borfes “each,

26. Twenty-five waggons with fmall ﬁores, and one
fpare, by 3 each. ,

27. Six waggons for artlﬁcers, thh 4 fparc, each

y 3.
28, Thirty-two baggage waggons, 9 by 4 horfcs,

and 23 by 3.
b 29, Thirty pontoom and 3 fpare carnagg:s, cach~
y 7.

30. The artillery rear guard, - - PR

31. The rear guard from the army. :

It muft be obferved, that there are parties of ,gunmrg
and matrofles marchmg with the gunsy there are like-
wife fome parties of piogecrs interiperfed here and there
to mend the roads, when they are fponlcd by the fom
carriages.

There.was then 1415 hmfes cmployed this campa:gn,

r 82 guns, 2 howitzes, 6 {mall mortars, 244 waggons,
and carts, and laftly, 30 pentoons) 20 of thefe lat are
eltecmed fufficient for. any part of Flanders, becaufe
there is no river in this country that reguires more to
make a bridge over it.

The Fresch march their arullery much in the fame
manaer, but divide it igto brigades, each of which is
commaanded by its proper officers, has a detachment of
pinneers to afift in bad roads, as likewifc a guard of

s and .matrofies : the firft brigade confills always
of fome light pieces, followed by their proper ammu-

nition, and preceded by a waggoa loaded, with tools,
‘ in

s
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in ofder :to'make and clear the roads, if there js any
occafion'; a gin follows each divifion loaded upon a
Apare carriage 3 ‘the pext brigade follows in the fame
order, and preceded with a carriage loaded wuh -tools,
with a detachment of pioneers.

The middle Brigade™ confifts of the “Heavieft "pieces,
and is called the park brigade; and as the others are
only:followed by fo much ammunition as'is ‘fufficient
upon a fudden occafion, the reft follow the park bngade
‘After this comes the baggage, and then the pontoons,
with this referve, that if the army is to crofs a river,
then as many pontoons march at the head as are fuffie
-cnent to make a brldge ‘ - R
: N B T he front ouns {hould always carry 15 or 20

rounds. ifi their lockcrs, to "be ready to fire upon
any fudden occafion, the pieces fhould be loaded,

- . and the gunners have. thexr matches hghtcd durmg
the march. .

v The detachments which march at the heads of the
‘brigades, are to take care that the army baggage does
not crofs the artillery, and the pioneers, if any carriage
-is overfet ‘or ftopt, to affift it; and in- that cafe, word
is given to the brigades before to ftop, till all are ready
to march, and when there is any ftopping behind, thofe
before draw up clofe at the fide of each other, till the
reft come up, and then march on a common pace.
Regularity and order fhould be obferved by all means
to prevent confufion, which is aimoﬁ lmpoﬁibie where
there are fo many carriages..

It muft be obferved, that the heavy 24 pb\ﬁnder!, or
‘upwards, and the mortars, muft be carried upon block
carriages ; for they would require too many horfes to
draw them upon their own. - Thofe who ‘want a farther-
-infight into thefe affairs,- may confult §. Remev’s T'reatife
of Artillery, where they will find every“thmg explamed
in a very ample manner ; and which we could not. dmﬁ’n

°
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% fmall 2 work s this. Wie intended 0. troat of the
woll efential parg only, and fuweh as fhoyld be. known
pvuéo& artillesy officers, who expeét to bave a coman
mand. oo

Taform a pork of ARTinLERY. Plue XX VAIL

The:artillery is generally placed about 300. paces
before the middie of the firk line of the asmy, upoa
fomeillag ground, except s more convenicnt fpot of
goound happens o be before fome wing; but: leu the
firuation be where it will, the maoaer of forming, the
park.is the fame, except that fome artillery oficors differ
in the difpofition of the carriages. Some place all the
cannon and mortars in the front, with. their fpare car-
riages 5. otheis. are for dividing the. equipage. into bri-
gades, and place the firft in the front line, the fecond
- o the next; and fo.on. But the beft approved me-
thad is to divide the artillery into brigades, and:to place
the guas of the firft to right of the front line, and their
sammunitioa behind them in one or more lines; then
thofe of the.fecond brigade next to the firft in thefront,
Jeaving five paces between.them, and their ammunition
behind thems, as befare:;.-and: centinue placing. all the
reft i the.fame, order, the pontoons forming the laft
line. General Belford’s difpofition in the laft war was.::

The firft line confifted of: 32 guns mounted upon
their . carriages, .{cven (pare carriages, 20 ammunition
carts, and two howitzes ; the guns pointing forwards.

: :’;co;d flim of :50 waggans. i

Ira of 52 waggons.
The S faurth of 50 waggons

- Afth ofi 34. waggons, 30 pontoons, and three
{pare_carriages. Each.carriage takes. up two paces. or
' yards, -apd. they are placed at the fame diftance in the
fame line ; the fecond line 'is. 30 paces. behind the firfh;
the two next 20. from. each other; and the laft 30
agam., . o oo '
The
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- The artillery companiésand minéesare! alf Inbamped
to the right, and the othdr ‘half .to the left 'of thie park,
in the ufoal manner, -witl*{ome of the lieotenants. n the
tear of them.

In the rear of, and 12 paces from, the park are in
camped the civil lift all in one Fine s behind ehefe;: and
at 30 paces diftant; is a line of the remaining lieutes-
nants ; and behind thefe the captains and cdwm'&fﬁl‘xcs

Oppoﬁte to the middle, .and 30 paces "behind the
captain’s line, 'is the majer’s;tent ; and ‘behind'this:at

20 paces, the colonel’s to the nght, and thef domptoob
ler’s to the left. o ORI

Oppofite to the tiddle, and 50 paces before the: parky’
is placed the army guard 5 and" oppofite to the nght
ng, the artillery guard at the fame diftance. oo

"The French method is ; the cart loaded with tools,
which marches at the head, is placed to the right of .the
firft line; next to that the guns of the firft brigade,
whxch commonly confifts- of 4 or 6 fmall pieces, “with

& fpare carriage to- the left of them'; the amntunition
carriages of this brigade are placed behind in one -or
more lines, at 3o paces diftant from line to lide, After
this, the fecond  and fucceeding brigades-are placed in
the fame ‘manner, 'leaving five: paces interval between
the brigades: they-continye thus to place all che guns,
with their {pare-carriages; in the frontiine;: the laft hne
is made by the pontoons and :other carriagess .~

S. Remy fays, that. feven pontoons will be fuﬂicxcht
to make a bridge over.apy river.in Flanders.; but.l be-
lieve he did not mean the Scheld or the Macf, which
feem to require more.  It.is however certain, that ghey

* carry no more than 20 pontpors and two- fparco’> carrfages
~ into the field; which is one third: lefs than we do.

In the middle of the front two light pieces are ad-
vanced at a diftance of :20: paces,’ loadcd with- powder
for the alarm guns ready.tobe fired when réquired.

To the right of:the: park> ave placed the artificers, -
with their tools, miterials, and baggage, in a line f{o}r‘n

O 2 the
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the front to the rear. To the left of the park, the
commifia.ics and their baggage; ‘to the right of the
ariiiicers is incamped the firft battalion of artillery, with
their biggage and officers behind them in the ufual
mannér ; and to the left of the commiffaries, the fecond
battalion in the fame maonner as the firft.’

The horfes of the equipage are placed behind the firft
b.zt‘t\ahon, except thofe bt the pxcgct in the rear of the
par

. Whst,his been faid hcrc is fufficient to give a clear
idea of a park tor a field equipage to a young officer 3
but, with regard to one before a town befieged, we
fhall refer the reader to the works of Fremch authors,
\\i.o have wrote largely upon it

I REMarxks,

To determine the quantity of guns, ammunition,
ftores, and every thing elfe neceflary in the field or a
fizge, fo as to have enouOb and ro more, requ:res more
krowledge and experience than can be found in one
man. ‘The French have a fet of officers, whofe bufinefs
it is to manage thefe affuirs; apd who are gradually
initiated into i, Itis from their.works that moft nations
of Eurcte copy the quastities of ftores wanted upon
diffcrent occafions.  As our commiffaries of ftores are
al&:n into the fervice when they are wanted, and dif-
charged again fo foon as the war is over, itis impoffible
we ﬂlomd cver have any one capable of making a proper
cltimate, unlcfs the artillery officers would undertake
that branch of bufinefs,, which they conceive not to be
their duty 3 but, as they have more opportunities to be
informed tham any body clfc, apd'if any material article
fhould be ‘wanged in an ”g:'hon thcy may be blamed, 1

imag: m it. .'.'Qul‘ co:xducc' qlug,} to their honour, and
be at tf;c fame nme for thc P,ubhc advantage, if they
did.: It was, {9 qﬁjﬂ: the;p ay muc}x, as in my power,
that m;; qus was w;otc, %185}5 by the help of expe-

g )‘ rience,
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rience, will, T hope, be fufficient to maké an éftimate
of the mofl material articles, leaving the reft to ‘the
artificers to determine the quantitics of materials and
tools they want, or to thofe who have been emp!'oycd
in that bufinefs. '

Before we leave this fubjet, we muft take potxce of
fomc defes in our ftore carriages. As there are 4 great

number of them not fo well -contrived as they" ‘fhodld:
be, it not only increafes ufelefs expences, but likewife:

caufes more trouble in the marching, and (Ywu[d be

avoided. Firft, as our powder carts kold to ot thian.
four barrels, and a great quantity is required in all

expeditions, they are not fufficient ; for which reafon
there fhould be powder waggons to hold twelve barrels
each. It is true, that the powder carts carry leaden
bullets and flints at the {ame time ; and are therefore
~more convenient to follow the battalions; but the reft
fhould be carried in much larger quantities. Thé fame

thing may be obferved in refpet to all other carts

though they may be ufefdl: upon fome particular occa-
fions, yet they fhould not be ufed in carrying greac
quantities of any kind'y ‘for the whole’weight lymov
upon one axle-tree, muft” Féquire more ho fes to draw
a weight, than when theé fame weigh lies ‘upon “two.
This every carrier muft know; and tberdforc no more
carts fhould be ufed than zre’ncteﬁ'ary o

As to the pontoon (:/m'xagés we have bferved, aftet'
their conftru&ion, how unkalﬂrﬂy thcy weéie made s
the pontoons being” tWeﬁf féet ' fong," which 'is" longer
than any waggon,’ Vand’y t dre’ fupportcd énly by ond

axle-tree 3 therefore! the” fhaf:shonve is Ifardiy able to |

fupport the weight ‘laid apon it; - As a'pbntéon ‘cannot

weigh above 1200 1b.'With all it§ apputienances, icap.

Ecars very exrraordinary, that, there fhould” be fevén
orfes required to draw each,’ it cin tenaml)l be owing
~ to'no other caufe thian td tht: il coiitrivdride ofthe cag-
riage: T would thefefore miike thetih ®igh' {gur wheels,
and the fore ones ‘but' bW, with 4 Tﬁﬂh Doitler, that ic

0 3 . may

-
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may turn with more eafe in narrow roads ; this heing
done, I am perfuaded, that four horfes would be fuffi-
cient to draw them. The travelling forge is no better
contrived than the pontoon carriages ; for, when it is to
be ufed, it is fupported before by two props fixed to the
fhafts, which, by the leaft accident, may give way,
and down it goes. Nothing but the fondnefs for carts -
can excufe fuch a contrivance. [This has been remedied
in fome refpect, as we have obferved before.] '

All carriages made ufe of in the artillery have fhafts;
and, to prevent the great length of thofe that require
a great number of horfes, the rule is to draw by pairs’
a-breaft, which is an abfurdity no where elfe to be met -
with ; for when the road is frequented by carriages
drawn by two horfes a-breaft, there is always a ridge in
the middle, which the fhaft-horfe, endeavouring ta
avoid, treads on one fide, whereby the wheels catch
againft the ruts, and ftop the carriage; and when the
fore horlfes bring them back, he treads on the other fide,
where the fame happens again ; fo that the fhaft-horfe,
inftead of being ufeful any otherways than to fuppart
the fhafts, becomes a hindrance to the reft : ‘on the
contrary, if the road is frequented by carriages drawn
by herles all in a itring, the fore horfes muft either tread
in the ruts, or elle the road muft be quartered ; and in
that cafe the fhaft-horfe muft walk in the rut; confe-
quently, in all roads, except they are paved, either the
fhaft or the fore horfes muft draw with all the difad«
vantages poffible. This has never been taken notice of
by any of thofe who have the direction of thefe affajrs,
though no carriages require more perfection .in their
¢onftruction than thefe, on account of the great number
wanting, and the heavy burthen that moft of them are
obliged to carry. o

This defe@ may be remedied by making two pair of
fhafts in all four-wheel carriages, in the fame manner
as is dane in waggons that carry great loads.

of
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‘LABORATORY Wonks;

My defign is not to give here any more than what is
juft neceflary for the young artillerift to know in the
courfe of his duty, referring that part which regards
. the fireworks made for rejoicing to the excellent Treatile
on Artificial Firewerks, wrote by Robers Yomes, Lieute-
nant in the Artillery, who gives all that can be faid on
- that fubje@, and bas himfelf practifed every part of .it.
Printed for . Millan. . Lo

GrRAPESHOT., E “a

. The: number of fhot in 4 grape varies according to
the fervice or fize of the guns; in fea-fervice g is always
the number ; but by land it is increafed to any number
or fize; from an ounce and a quarter in weight, to 3
or 4 pounds, It has not as yet béen determined, that I
know of, what number and fize anfwers beft in practice 5
which I think ought to be tried : for it is well known,
that they often fcatter fo much, that only a {mall num-
ber take place. It would ot be a ufelefs experiment,
to try at what diftance they would do moft execution,
and what is the beft charge of powder. In fea fervice,
the bottoms and pins are made of iron, wherras thofe
ufed by land are of woed ; for what reafon this diftintion
is made, I cannot tell, unlefs that thefe iron bottoms
are fuppofed to deftroy the riggings of fhips more than
the wooden would do. e . ,
- To make grapethoét, a bag of coarfe cloth is made
juft to hold the bortem. which is-put into it; then as
many fhot as the grape is to contain 3 and.with a ftrong
packehread they are quileed to keep the fhot from moving:
and when they are finifhed are put into bozxes for carriage,
to be tranfported where-ever it is neceflary. When the
fhot dre very fimall, they are put into tin boxes that juft
fit the bore of the gun, Leaden bullets are likewile
: 04 ufed



obferved, that
are ufed, they
nearly as much

The loading and ﬁriﬁg gun§ with cartridges is done-

much {ooner,. and lefs liable to accidents, than with
loofe powder.. They are made of various fubftances,
fuch as paper, flannel, parchmeat, and bladders, When-
they are made of paper, the bottoms remain in the
picce, and accumulate fo much, ¢hat the priming can-

not reach the powder ; and therefore they muft be-

drawn from time to time, which retards the fervice.
They have another inconveniency, which is, they retain
the fire ; and, if particular care is not taken in fpunging
the pigce, they will fet fire to- the next cartridge, and
the gunner that puts it into the piece will be in danger
of lofing a hand or arm, as has fometimes happened.
Whea they are made:of parchment or bladders, the
fire fhrivels them up, whereby they enter into the vent,
and become fo hard, that the.priming iron cannot re-
move them fo a8 to clear the vent. Nothing has been
found hitherto ta anfwer better .than flannel, and is the
only thing ufcd at prefent, becaufe it does not keep fire,
and therefore not liable to accidents in the loading ; but
as the duft of powder paffes through them, a parchment
cap is made to cover them, which.is taken off tefore
this is put into the piece, . . . .. = .

'L he' beft way of making flannel cartridges is, in my
opinion, to boil the flannel in fize ;. this will prevent the
dutt of the powder from pafling through them, and ren-
ders them {tiff, and more manageahle ; for without this
precgution.they are {a pliable, that when they are large,
and contain much powder, -they are-very inconvenient
. in puttirg them into the piece. . The Sexon, who intro-

duced oyr prefent light ficJd piages, thad a particulas.

method
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method of preparing cartridges, which was fuch, that
when laid into the fire they would hot burn'y ang yet,
by. dipping them into wafer befote they weré put into
the piece, would take fire as quick as powder; but:
how he did it nobody could teil ; for he would not part
with his fecree,. =~ 7 . :

In quick firing the fhot is fixed to the cartridge by
means of a wooden bottom, ‘hollowtd on one fide fo'as
to recejle nearly half the fhot, which is fa&eﬁédjq[‘x’tv
by twd fmall flips of tin crofling over the fhot, and.
nailed to the bottom ; and the cartridge is ‘tied €3 the.
other end of this bottom. They are fixed likewile in
the-farae manner to the bottoms of thie grapethot, which™

are ufed in field pieces. L
PORTFIRES, R

Portfires are ufed fometimes inftead of matchss,’ to
fet fire to powder or compofitions ; and are diftinguithed
into wet and dry. The compofition of wet portfires is,
faltpetre 4, fulphur 1, and me.led powder 4; when the
compofition is well mixed and fieved, ‘it'is to be moift-
ened with a little linfeed 6ily and well rubbed with the
hands till all the oil is well mixed with the compofition.
The compofition of dry portfire is, faltpetre 4, fulphur 1,
mealed powder 2, and antimony 1. ~ Thefe compofitions
are drove into {mall paper cafcs, and fo-kept till they
are ufed, S T B B

. . B +
Viowelendl oo : v [

I

qucxg}dATqﬁ.i R
: R Y RS B e R ‘-1.i:v,: &‘

Tt is made with three cotton ftrands drdwti into length,
and put into a kette juft covered with whitd wihe vine-
gar, and then a quantity f faltpetré’and mbaled powder
is put in it, and beiled Tl welt mixed.” - Others pue
only fattpetre into the watér:* ' After ‘thar; {t'is"taken
out hot, and hid intd a frough where fome” micaled
powder; moiftened with' Tpitits- df -wing, ‘18 thordughly

s ' wrought
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wrought into the totton, by mliling it backwards and
forwards with the kands: when this is done, they are

taken out feparately, and drawn through mealed powdef,
thcn hung upon a line tiil dry.

Tuses uj}dv in quick firing.

Thefe tubes dre here made of tin: their diameter is
two tenths of aa inch, which is fo as juft to enter into
the vent of the piece; about 5 or 6 inches long, with
a cap above, ahd cut flanting below in the form of a
pen ; and the point is ftrengthened with fome folder,
that it may pierce the cartridge.. Through this tube is
drawn a quickmatch, and the cap is filled with mealed
powder moiftened with fpirits of wine. To prevent
the mealed powder from falling out by carriage, a cap
of paper is tied over it, which is taken off when ufed 3
but latterly this cap is made of flannc! fteeped in fpirits
of wine, and with iakpetre diffolved in it ; and there is
no occafion to take it off, fince it takes fire as qulck as
loofe powder. ‘

An ob]c&xon is mude aoamﬁ thcfc tubes, whlch is,
that the tin is apt to fpoil the quickmatch when they are
kept for fome time ; and it is imagined, that falt water
would feon corrode them, -and therefore not proper te
be ufed on board of fhips; this however has not been

tried as I know of. The Fremh vfe a fmall reed, to
which is fixed a woodén cap about two inches long 3
they are filléd with mealed powder moiftened with fpirits
of wine, and a {mall hole is made through them the
fizeof a needle, through which the fire darts with great

- vielerce; and gives fire to the carmdgc, ‘which muft be

picrced beforehand with the priming iron. Thefe tubes
may be kepe a-‘great while without being fpoiléd ;5 but .
the piercing/the cartridge-retards the quicknefs of ﬁrmg.,
‘The férementionied Saxvz made his of copper, tapering
towdfds' the efid, fo as toienter the vent about half an
mch ' wisch ib miade fo far inthe fame form, and tbft
re
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ret very narrow : they are filled in the fame wanoer
as the French, and when fired, the ﬂame darted Lhm\rglx
the carwridge without bemg pnerced :

e -
ol 4

Fuzes for jbell: aud band grema’es :

The ' compofition for fuzes is faltpetre 3, fulphur I,
and mealed powder .3, 4, and fometimes: 5, .accarding
gs it is required to burn quicker. [Fuazgs.are chiefly
made of very dry beech-woed, and fometimes-of horn-
beam taken near the root ;- the upper part of that wood
fplits very eafily. They are turned rough, and. bo;ed
at firft, and then kept for feveral years in a dry. place :
the diameter of the hole is abput a.quarter of an, inch,
a littke more or I fs.is of ne confequence.; the hole does
not go quite through, havmg about a quarter ot an
inch at cthe bottom ; and the head is made hollow in.the
form of a bowl. The compofition is drove'in with an
iron driver, whofc ends are capped with copper to pre-
vent the compofition from taking fire ; and equally hard
as poffible ; the laft (hovel-full being all mealed powder,
and two ftrands of quitkmatch liid acrofs each otiher
being drove in with it, the ends of which are folded up-
into the bow], and a gcap of parchment tied .over it till
ufed. It will not be. improper to obferve, that, when
fhells are to be thrown;ag a {mali diftance, . the compo-
fition fhould be made ‘quicker than when they ase to be
thrown gt a greater 3 for, rb,y,cut:i,ng-,;;hq,m {o:as to-burn
but a thort time, they might ot bz lapg enough to be
well fixed into tng fhell; by wb;gh the blaft of the pow~
der in the chamber. would blow them oyt, without the
fhell being able to burft.- - It muft likewife be obferved,
that the cuftom of fixing the thells at home is very bad ;
fince it is not knewn how-Jong - they fhoyld burn; and
if they do not burft:as foon s they:fall, the .execution
1s but trifling, . Aoather. miadvamaop attends.this prac-
tice ;> when they ave caraied into 2,hoy climate, the wood
fhrinks, though ever fo dry before 3 and the fuzes loofc{n

: a
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fo much, that they fall out in the flight of the fhell
before it falls to the ground. R

When the fuzes are to be drove, the lower end is cut
off ina flope, fo as the compofition may give fire to the
powder ; and they mult have fuch a length as to burft
nearly as foon as the fhell touches the ground. When
the diftance of the battery from the obje& is known,
the time of the fhell’s flight may be computed nearly
which being known, the fuze may be cut accordingly,
by burning two or three, and making ufe of a watch or
a ftring by way of a pendulum,

Before fhells are loaded, they muft be well fearched
within and withaout by means of a copper grater, to fee
. whether there are noholes or cavitics in them ; after thae
they are put into a tub of water, fo as to cover them,
with an empty fuze drove into them; and the mouth
of a bellows, being introduced into the fuze, and worked,
will caufe bubbles in the water, if there are any holes
in the thell; but if no bubbles appear, it is a fign the
fhell is found and fit for fervice. :

When they are loaded, care muft be taken that they
are very dry within; and if ‘the fpike which fupports
the corp when they are caft, and which remains in them,
is not beat down, it muft be done then, otherwife it
would fplit the fuze. Then the powder is put into it
with a funnel, and not quite filled, that the fuze may
have room to enter, which fuzg is prefled in at firft by
the hand as far as it will go, and :then drove with a
mallet as hard_as poflible, {ékih " care however net to
fplic it 5 for if the leaft crack was in'it, the compofition
would give fire to the powder, and the fhell would burft
either in the mortar or inthe air, and fo do no exe-

' cution,

It is a query how much.powde is to be put into a
thell, fo as to make it burlt.in moft pieces ? It is agreed
by moft officers that they fhould not be quite filled; one
that has taken moﬁl’c pains [Qﬁndi‘ outsis of oPinion tll:at

N . . t c_y
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they thould be filled within one thll‘d part of what they
can hold.

. Lieutenant Pirle, a very moemous mechamc, loft m
the Dodington fome years ago going to the’ Eafs-Indies,
had. found out 2 method, fo that as foon as'the fhell
touched the ground it burﬁcd but bemg too modeft a
man, had not the affurance to propofe it to the mafter
general of the ordnance, whereby the world was de-
prived of fo ufeful an invention.

If the fufes are to be kept for fome time after ﬂaey are
drove, the top muft be covered with a mixture of pitch
2, rofin 1, and bees wax 3, whercby no air can comc to
- the compofition ; and it will keep as long as you pleafc.

CARCASSES N
- None but round carcaffes are ufed at prcfcnt, the ﬂxght
of the oblong are fo uncertain, that they have been quite
laid afide. "The compofition is pitch 2, faltpetre 4, ful-
phur 1, and corned powder 3, When the pitch is melted,
the pot is taken off; and the ingredients well mixed put
in ; then -the carcafs is filled thh ‘as much as can bc
prefled in. = :

Light BarLL s to dzfco'ver the enm_) s uorl:

There are various forts defcribed by different authors
Some are made of tow dxpped into a compofition of
fulphur, pitch, rofin, ‘and’turpentine ; abd worked up
all together into a balt. " Other§ take a_ball of “ftone or
iron, whlch is covered with feveral coats of compoﬁnon
much like that before-mentxonedt tilt ‘of 2 prbper fize s
and the laft coat is to be of gramcd powder “But the
beft fort, in my opinion, is to make a fhell of paper
the fize of the mortar, andito fill it with'a cbrhpoﬁuon
of an equal quantiry of {ulphyr,’ pncfr rofin, dnd'méated
powder ; which Being welt ‘mized,” and’pur ‘in’ warm,

will give a clear firé; and buin a confiderable time.
There
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. /Fhere ate many more things ufed in the defence of
a breach 5 fuch as facks filled with powder, bottles, bars
rels; &c. but as the chief intanc of all thefe is to fet fire,
and blow up- the affailants, and which every milicary
geittleman. may cafily execute, we fhall fay no more here
about them ; our defign being only to inftruét the young
artibleriit-in the moft. clffendial parts of his bufinefs ; and
tomake him mafter of thele macuers, he muft work in
the laboratory ; for praltice is the beft mafter,

- FiegsHrr, bow 1o prepare i,

From the bulkhead a0 the: forecaltle to a bulkhead to
. be raifed behind the main chains, on‘each fide and acrofs

the fhip at the bulkheads, is fixed clofe to the fhip fides,
a double rfow of troughs, two feet diftance from each
other,. with crofs troughs quite round, at abeut two
feet and a half diftance 3 which are mortifed into the °
others. The crofs troughs lead to the fides of the fhip,
to the:barrels,. and -to the port-holes, to give fire both
to the barrels. and to the chambers, to blow open- the .
ports:; and . the fidestroughs fecve to communicate the
fire all alang the fhip and the crofs troughs.

The timbers of which the troughs are made are about
five-iriches.fquare ;. the depthsiof the. troughs half their
thicknefs, and they are fupported by crofs pieces at every
two or-three: yards, nmied to the: eimbers of the fhip,
and to: the wood- wark #hich inclofes the fore and main
mafls,s and takes in° aij oblong imw the middle of tle
deck,: extending to- theJputfidle .of' ‘both the mafts, and
in breadth is near onefhalf of due deck ; and is what
makes the carpenter’s room for his ftores. The decks
and troughs are all well paved with melted rofin.

On each fide of the fhip are cut out fix fmall port-
holes, in fize about 15.by.18 inches; the ports opening
downwards, and are clofe caulked up : againt each port
is fixed an. iron chamber, which; at the time of firing
the fhip, blows open theports, and:lgts out the fire.

‘ Ac
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At the main and fore chains en. each fide is a wooden
funnel fixed over a fire barrel, and comes through.a
fcuttle. in the deck up to the'throuds to give fire to
them ; and between them are.cut two fcuttles en each
fide the thip, which alfo fesve to.let out the fire. Beoth
funnels and feurdes, muft be fiope with: plugs, and have
fail-cloth or canvas nailed clofe over them, to prevent
any accident happening that way by fire to the com-
buftibles below.. s .
.The port-hole, funnels, and: fcuteles, ‘not only ferve
to give the firc a free paflage to the outfide and upper
~parts of the fhip, .and its rigging, buc alfo. for the in-
ward air,. otherwife confined, to expand itfdlf, and pufh
through thaofe holes at. the time of the combuftibles heing
- on fite, and: prevent the blowing up the decks, which
otheswife: muft of ceurfe.happen from fuch a fudden
‘and violent rarefaétion- of; the ajr as willi then be pro- -
duced. o :
. . In. the bulkhead behind on each fide is cut a: fmall
hole, large enough: 0 receive: a. trough-of the fame fize
- as, the others ; fromm which;: toi each fide of the fhip,
lies a:leading: trough; one-end icoming through a fally
port cut through the: flip’s fide;. and the other, fixing
into:a communicating trongh- that Jies along the bulk-
: head, .from one-fideiof -the thip to the other, and being -
laid with:quickmatclc danly, at: the-time of firing either
~ of -the leading troughs, ccommunicares the fire in an
inftant to the contrary fideiof the fhip, and beth fides
burn together. - The communicating trongh,. . which is
fixed to the bulkhedd, >andithe leading troughs, are the
fame fize as the othesss . . . : ;

3
\

Manner of preparing. STORES,
L ISl B T D

- Flsz)ﬁ‘-i;BiAwmn )

IR e D0 A i s seo :
The form of.ithe barrels fhould be cylindric, both
wpon the account:of that make anfwering better for
' ) filling

1
i~
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‘filling them with reeds, and for ftowing them on board
between the troughs ; their infide diameters are fuffi-
«cient, if about 21 inches, and their lengths 33. The
bottom parts are firft filled with fhort double dipt reeds
‘fec on end, and the remainder with fire-barrel compo-
fition well mixed and melted, and then poured over
“them. -
Fhere are g holes of % inches diameter, and 3 inches
deep, made with a drift of that fize in the top of the
“compofition while it is warm; one in the center, and
-the other four at equal diftances round the fides of the
barrel.  When the compofition is- cold and: hard, the
barrel is primed by well driving thofe holes full of fuze
compofition to within an inth of the top; then fixing
in each hole a ftrand of quickmatch twice doubled, and
in the center hole two ftrands the whole length; all
- which muft be well fet or drove in with mealed powder
then lay the quickmatch all within the barrel, and cover
the. top of it with a dipt curtain, faftened on with a
hoop to flip over the head, and: nailed on. . .
The barrels fhould be made very ftrorg, not only to
fupport the weight of the compofition before firing,: i
removing and carrying them about, but to keep them
- together at the time they are burning 3 for if the ftaves
are too flight and thin, and fhould burn too foon, fo as
to give way, the remaining compofition would be apt
to feparate, and tumble upon the deck, which would
deftroy the defigned effect of the barrel, which is to
carry the fire aloft. '

.

IroN CHAMp:Rs.

They are 10 inches long, and 3.5 in diameter ; and
breeched againft a piece of wood fixed acrofs the port-
holes, and let into another lying a little higher ; when
loaded they are fiiled almoft full of corned powder, and
have a wooden tompion well drove into theit muzzles §
are primed with a fmall piece of quickmatch thruft
. o through
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Are made up in fmall bundles of about 12 inches in
circumference, cut even at both ends, and tied with two
bands each ; the longeft fort is 4 feet, and the fhorteft
2.5 ; which are all the lengths that are ufed. One part
of them are fingle dipped, only at one end; the reft
are double dipped, that is, at’both ends. In dipping,
“they muft be put about 7 or 8 inches deep into a copper
or kettle of melted compofition ; and when drainrd la

: P ittle



810 ARTILLERY,

little ovet it, to carry off the fupcrﬂuou; compofitiof,
fprinkle them over a tanned hide with pulverifed fulphur,
at fome diftance fromn the copper.

BAvins

Are madé of birch, heath, or other fort of bruth- .
Wood, that is both quickly fired and tough ; in length
2.5 or 3 fret, the bufh-ends all laid one way ; and the
other ends tied with two bands each. They are dipped
and fprinkled with fulphur the fame as reeds, only that
the bufh-ends alone are dipped, and fhould be a little
clofed together by hand as foon as done, bhefore they are
fprinkl-d, to keep them more clofe, in order to give a
ftronger fire, and to keep the branches from breaking
off in fhifting and handling them,

DisrosiTion of the Storxs on board, when lid
: Jor firing.

“The Fire-bartels are placed under the Funnels and
Teuttles, one to each ; and are fixed between the crofs
Ytroughs leading to the fides of the fhip, and lafhed to
them, and well cleeted to the'deck. Thofe at the fun-
nels give fire to the main and fore fhrouds ; the reft
rifes over the deck through the fcuttles. The plugs
. muft be taken out of the funnels and fcuttles before the
thip is fired, and the curtains covering the fire-barrels
cut open and rolled back, the quickmatch fpread, and
the top of the barrels well falted' with priming compo-
fition. The curtains are nailed to the beams of -the
upper deck, hanging down over the troughs, bavins,
and reeds. S

‘The priming compofition ; a part of it is laid along .
the troughs, and the reft, after laying of the reeds and
bavins, is regularly ftrewed over all.  The fhort reeds
double dipped, with fome of the fingle dipped, are laid
along both the fides and crofs troughs, and communica*:c '

e
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the fire both to the barrels and chambers. The reft of

~ the fingle dipped reeds and bavins are fet about the fire-

barrels, and_to the fides of the fhip; and fome flung
upon the deck, .

The quickmatch is laid two or three ftrands thick
upon the reeds in the troughs, and about the fire-barrelg
and chambers, to communicate.a_general fire at once.
The reeds in the traughs with the quickmatch are lathed
3:1, to prevent their falling out by the rolling of the

1p. . ’ ’ e
’Pi‘he leading troughs are both laid with 4.or 5 ftrandg
of quickmatch ; as is likewife the communicating traugh,
that, by firing either of the leading troughs, the com-
municating trough may carry the fire to the other fide
of the thip; which then runs along the troughs by the
guickmatch on both fides, and give fire to the whole in
an ipftant. . . ’
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Priming ComposITION for ome BARREL.

Corn powder lb. — 100"
Petre —— —— 50
Sulphur —_— — 40
Rofin — —_— 6
Oil, pints —— — 3

Take 20 Ib. of powder, which mix well with the

tre, fulphur, and rofin, work them well together,

reaking it well in working; then put the rett of the
powder in by degrees, and work it altogether : fpread
it in a trough, and through a hair fieve run 3 pints of
oil all over it; then work it well together, and run it
through a cane fieve. ‘ ) =

N. B. Ta the following eftimate for the quantity of
flores requilite, the reeds for the barrels are not
included ; it will take 100 fhort double dipped
more than thefe fpecified ; but their value is in-
cluded in the article of barrels. '

Stores for a Firesuip of 150 tuns.

- Numb. * Value.

- bos -4

Fire barrels ~ — —— 8§ —— 80: 0:0

Iron chambers ="~ — ' 12 —— 12 0:0
Priming compofition barrcls ' 3¢ =—~—— 21: 0:0

Quickmatch barrels. =— 1 —— 3 : oo

Curtains dipped -~ — !0 ——— 3: 0:0

Long reeds fingle dipped 150 —— 10:15:0

' double dipped —_ 2:18:9

Short reeds 9 Gole dipl:)gd ;g — 1:17:6

—— 10: O: Q

_Bavins fingle dipped — 209

SR B 144 :11: 3
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Quantity of Couposrmorr for preparmg the Sronxs
_ of a Firesure,. 7 .

FINIS



'BOOKS Printed for-J. MILLAN, near White.hall,

.. ANCGUVRES for a Ratualion of Foot upon fixed Prin-

ciples, with 32 Copper-plue:, Price gs. To which may
be had, Manceuvres with 17 Plates, an Bflay on the Command of
fmall Detachments, and the Manual Exercife, Price 10s 6d.

2. Value, &c-of Commiffions on the Englith and Irith Eftablith-
ments on T'wo Cards, neacly gngraved, : .

3 A Lift of his Majefty’s Land Forces and Marines, at Homg
and; Abroad, by Permiffion, for 1768, s ,

4 Recruiting :Book, proper for all Officers an that Service.

. Régimiental Book, beautifully engraved.

g. Muliers Syflem of Fortification, Engincering, Mining, Ara
tillery, Mathematicks, with Jarge Additions, Two hundred Cuts,
Eight Volumes, .3l 10s. orany Volume feparate,

7. New Pruffian Rield Regulations for Foot,‘&uno, 78 Gd.

8. New Art of War, Prite 7s 6d. ) L

9. Major Rogers’s Journal of the late War in Narth America, gs.

10, His concife Account of North America, 3s.

1. Ponteach ; or, The §avages of America. A Tragedy, 28 6d.

12. Timbe:lake's Memoirs of the Cherokee Nations,. 43, . -

13. Jacobi Petiver Opera Hiftoriam Nataralem fpe@antia ; ¢on-
taining feveral Thoufand Figures of Birds, Beafts, Fifhes, Reptiles,
InfeQ@s, Shells; Corals, dnd Foffils ; alfo of Trees, Shrubs, Herbs,
Fruits, Fungoffes, Moffes, Sea-weeds, &c. from all Parts, on above

oo Copper-plates, with Englith and Latin Names ; the Shells havg

aglith, Latin, and Native Names. ‘To which are added 100 Plates,
and 17 curiqus Traéts, mott of them fo fcarce as not.te be purchafed,
- which.completes-all he ever wrote ipon'Natural Hiftory (never before
printed) in Falio, with 26 Plates of Flies finely colaured, 71 7s.

14. Dillgnins’s General Hiftory of Land and Water Mofles, Corals,
&c.—~The Cuts better Impreflions and Paper than the Originals,
- 15. Sheldrake’s Herbal, containing 118 Royal FoHo Coppers
plates, the moft accurately drawn and engraved ever yet publithed,

16. Sheldrake on Heat and Cold for Green-houfes, Price 33,

* 1y. Columella’s Hufbandry, by Gibfon, 4to. .
- 18. Palladio, finely engraved, by Ware, 7s 6d.

1g. -Hill’s Review of the Royal Society, 10s Ad,

#0, Sharpe’s Englith-Hebrew and Englith and Latin Grammary, .

21, =~ Defence of Chriftianity, 3s. Qligarchy, 1s.

22. Letters from a Perfian in England, 3s.

23. Langley’s Gothic Archite&tare, 15s

24. - Treafury of Defigns, 15s, :

25. Inigo Jones’s Defigns for Chimnies, Cielings, Temples, &c,

26. Tandon’s French Grammar to learn without a Mafter.

27. Morris’s LeQures on Archite&ure, 2 Parts, 6s,

- 28. Prior’s Pofthumous Works, 2z Vols, 10s.

&5 Philofophical Tranfaitions, Debates in Parliament, Political
States, Magazines, and Gazettes in Sets or Volumes, fold, "bought,
or gxchanged ; #s alfo Books in all Languagss, )

.
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