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PREFACE TO SECOND EDITION.

THE progress of gunnery since the publication of the
first edition has necessitated many additions to the
present work. Most of it has been re-written, and
the plates are almost entirely new.

I find, from the flood of queries that was poured
on me from all quarters soon after the first edition
appeared, that I had taken for granted the possession
of more knowledge of the elementary principles of
gunnery than is generally the case. I have, therefore,
in the present edition endeavoured to ‘ begin at the
beginning ;” and must bespeak the patience of those
of my readers who ‘“knew it all before.”

I trust the work will now be found to be a complete
guide to the young sportsman in all matters connected
with the SporTING RIFLE.

J. F.

Camp, 1866.



PREFACE TO FIRST EDITION.

THE inquiry, of which this little book contains the
matured results, was originally undertaken in order to
determine to my own satisfaction on what principle the
SporTING RIFLE may be best constructed ; but my own
skill—and, consequently, pleasure—in the use of the
rifle in the field has been so much enhanced by the
conclusions arrived at, that I cannot refrain, even at
the risk of being deemed presumptuous, from thus
presenting to my brother sportsmen the fruits of my
labours ; confident that such of them as may make trial

of my advice will not regret having done so.

THE AUTHOR.

Central India, September, 1862.



THE SPORTING RIFLE

AND

ITS PROJECTILES.

CHAPTER L

THE OBJECTS AND CONDITIONS OF MILITARY AND
SPORTING RIFLES.

1. Ir will be admitted on all hands, that the objects
proposed to be attained by a military rifle are essen-
tially distinct from those sought for in a sporting rifle.
Whether they are also incompatible; that is, whether a
rifle can, or cannot, be the best military, and, at the
same time, the best sporting rifle, will be afterwards
considered. Meanwhile, let us see what is the object to
be attained in each case.

2. The military weapon, then, is, by the conditions
of modern warfare, required to be capable of disabling
an enemy at the longest possible range. This will be
almost equally well effected whether that enemy be
killed outright, or merely wounded ; for a man hit is,
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2 The Sporting Rifle and its Projectiles.

in most cases, also a man kors de combat, and the effect
on the fortunes of the day is the same as if he had been
shot dead; or perhaps greater, as a wounded man has
to be assisted from the field, while dead men need no
tending; and also, as the Texan captain said when
advising his Rangers to fire low at the * yaller-bellies,”
because they groan, and  demoralize ” the others!
Consequently, the rifle that will throw any projectile to
the greatest distance with accuracy is, other things
equal, the best military weapon. Easy loading under
all circumstances is a sine qua non in the military rifle ;
volley and file firing wounld be inefficient without it.
Neither must the military rifle be too heavy to carry
through a day’s marching; and its recoil must not be
8o great as to destroy steadiness in firing. The con-
ditions of a military rifle may be set down in the order
‘of their importance, thus :—

i. Moderate weight.

ii. Moderate recoil.

iii. Easy and rapid loading.

iv. The longest possible accurate range.

v. Sufficient penetration at the longest range to
lodge a projectile in the body of an enemy.

vi. The lowest possible trajectory, particularly at
long ranges.

vii. General simplicity of construction.

In almost all our modern rifles, these conditions are
found to be more or less combined, and perhaps in none
better, on the whole, than in the present arms of our
troops. This, however, does not come within the scope
of my subject.

3. On the other hand, what is required from the
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sporting rifle? Sporting rifles may be divided into two
classes :—

1st. Those for general use; to be invariably carried
by the sportsman himself; to be always in his hand
ready for whatever game may appear; accurate enough
to strike a deer fairly in the shoulder at a sporting
distance; and, at the same time, powerful enough to
afford a good chance of disabling the largest animals of
the forest. Such a rifle must not be too heavy for the
sportsman’s strength, or he will inevitably give it to
some one to carry for him, and it will be absent just
when most wanted.

2nd. A more powerful description of rifle, for use
on special occasions, to be carried, as a rule, not by
the sportsman himself, but either by a gunbearer or in
the howdah, according to the sport in hand. At the
same time, it must also be within the sportsman’s
power, -to some extent; that is, he must be able, on
occasion, to shoulder it himself; but moderate weight
is not, in this class, so prime an object as in the other.
Were sportsmen in India to admit no rifles into their
battery not completely within their own power to carry
throughout a long day’s walking, much advantage in
the use of heavy projectiles and large charges must be
foregone by a vast majority of them.

With this difference, all the conditions requisite
apply equally to both classes. The second class is
evidently only suited for use in a country like India,
where gigantic or ferocious animals have to be encoun-
tered ; the first includes the sporting rifles of every
land where anything larger than an antclope is to be
found.

1—2



4 The Sporting Rifle and its Projectilcs.

4. The prime object of a shot fired at any animal
of chase, be it of the bashful sort that fly from you, or
of the audacious sort that fly at you, is, if possible, to
kill or disable that animal on the spot. In the former
case, this is desirable in order to make sure of bagging,
to avoid a long stern chase and the expenditure of more
shots, and to kill with as little unnecessary cruelty as
possible ; and in the latter case, it is essential in order
to save your life. By the word “disable,” used above,
I mean the infliction of such a wound as will prevent the
animal from leaving the spot where he was first struck.
A wound, unless by its physical effects it disables or
stops an animal, is useless, for it can have no moral
effect as in the case of man. In fine, to ¢ disable ” an
animal, the ball must either reach the vitals and kill
him at once; break some large bone essential to his
locomotion ; or by the general shock to the system so
“ take it out of him,” that he has neither power nor
wish to do aught but lie down and die peaceably.

5. The effect of wounds on animals appears to
depend, in some measure, on the amount of nervous
force directed at the time to the part struck. It has
been observed that, when an animal is feeding, a shot
in the stomach affects him more than at other times;
and that, when running, leg wounds produce a greater
shock in the system than when at rest. Still more
curious are the phenomena observed in firing at animals
which have been previously wounded: all sportsmen
remark that subsequent shots seem to have much less
cffect than they have on unwounded animals; and,
indeed, it sometimes appears as if a wound acted as a
sort of charm against wounds in other places. 1s it
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that, in such cases, the nervous energy of the system is
so completely directed to the locality of the first wound,
that the subsequent shots fall as it were on dead flesh,
and affect but little the great centres of life? Who
does not remember the wounded grouse, that, almost
bare of feathers, led him that terrible chase along the
hillside, receiving with indifference doses of No. 5 that
would have cut an unwounded bird to ribbons; or the
spotted buck, wounded to the death, that no ball would
stop, and that finally staggered into impenetrable jungle
completely riddled, and on one leg ?

In olden days, when the niceties of sport were better
attended to than now, ¢ clean killing” was considered
the first qualification of a ranger. Was not Halbert
Glendinning offered the post of huntsman to the jolly
abbot who loved his venison clean killed, simply on
account of his reputation for killing with a single shot ?
Besides, what can be more shocking to a man with any
pretensions to feeling, than having to follow up a
wounded deer, and kill it limb by limb by repeated
shots, as is too frequently the case in jungle shooting?
Sport, in such cases, degenerates into brutality. If we
are to kill at all, then our object ought to be, if passible,
to kill outright with the first shot! Now what species
of rifle and projectile is best calculated to effect this
desirable end—i.e., that of killing or disabling by one
shot ?

6. It is evident that, of two wounds of equal depth,
that which has the larger area will have most effect on
the internal economy of the animal. It will rupture more
blood-vessels and nerves in proportion as it is larger
than the other, and so produce more sudden blood-
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letting and shock to the system. It may, moreover,
include a bone or a vital organ, such as heart or brain,
in its path, which would not be included in the narrower
wound, and in practice this will frequently be found
to be the case. Penetration, therefore, being equal, or
sufficient, in both cases, that projectile which has the largest
striking surface is the best for our purpose. Therefore
the largest gauge* of rifle, consistent with the weight
in each class, should be used. It is found in practice
that for killing the ordinary beasts of chase, such as
deer of all sorts, no ball of less diameter than about 16
gauge is to be depended on. A great deal of game
may, without doubt, be killed with much smaller sizes
than this; but a certain percentage of animals fairly
hit with the small bore will escape, which would have
been bagged with a ball having a larger striking surface,
I have had this fact most strlkumly brought to my
notice throughout my Indian sporting career. When
very young in the country I was fortunate enough to
form one of a shooting party in the Terai jungles. The
quantity of game in these jungles, consisting of spotted
and hog deer, bara-singah, neilgae, pigs, leopards, and
tigers, is so enormous that, in the course of a day’s
sport with a goud force of elephants, each man in the
party may perhaps have as many as a hundred shots
at four-footed game. In this description of sport thick
jungle is almost always close at hand, and a merely
wounded animal very generally gets away. I was then

* ¢« (Gange,” in reference to sporting rifles, means the number of
spherical leaden bullets, fitting the barrel, that go to the pound. Thus
the Enfield rifle is, in sporting parlance, described as 24-gauge, because
24 round bulle!s fitting it would weigh one pound.
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armed with a beautiful little 36-bore double rifle, carry-
ing a conical ball of about 19 to the pound, a double
smooth bore No. 14, another No. 8, and a two-grooved
double rifle No. 12,—forming a somewhat disorderly
battery, I confess. The experience of some five months
of this forest-shooting convinced mie that, while the 36
bore was utterly useless, and never stopped an animal
unless it was struck in the brain, spine, or heart, the
14 bore was large enough for most of the above
animals; and that the stopping power of my guns
increased just in proportion to their largeness of gauge.
Since then, during a somewhat lengthened service in
the forest department in Central India, I have had con-
siderable experience with all sorts and sizes of guns,
at every description of game; and, as I never omit to
make a note of any remarkable point connected with:
my hobby, I have now a quite sufficient array of facts
from which to form a reliable induction. As above
stated, my experience is that a 14 or 16 gauge is large
enough for any of the deer tribe. Smaller game, such
as antelopes, wolves, hysznas, &c., can be equally well
disposed of by a smaller ball, 18 to 24. Bears and
tigers are sometimes very tenacious of life, and I think
perhaps the best size for them is 12, although they may
be killed almost as well with 14. It is when we come
to the more ponderous brutes that large gauges begin
to tell. Less than 12 should never be used for bison
or buffaloes, and any increase of size that the sports-
man can manage will well repay him in such sport.
These remarks refer, of course, to solid bullets only :
the question of shells will be treated further on.

7. Awmple penctration must also be secured ; other-
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wise, however 1arge the ball is, the effect will be trifling;

but observe, if the penetration be sufficient, more is not
desirable ; that is, if the bullets of two rifles were each
found to have sufficient penetration, the question of
their respective merits for sporting purposes would ha\fe
to be tried on other grounds than this, even were it
found that the total penetration of one was much greater
than that of the other: for our purpose, they are in this

respect equal.  As a rule, a rifle should be able to drive

its ball through and through the animal fired at.

8. The third point to attend to is, that the sporting
rifle must have suficient accuracy at sporting distances.
What are sporting distances? Mr. Baker, author of
The Rifle and the Hound in Ceylon, answers the question
as follows : —

“T consider a sporting range to be limited to a distance at
which the shoulder of a deer may be fairly struck under
ordinary circumstances—say 150 yards; shots beyond this
range are bright moments, which, though not unfrequent, are
not the rule:  Thus, 200 yards may, I think, be accepted as
the range required for a sporting rifle, beyond which I think
extra sights useless.”—The Field, March 23, 1861.

Most practical sportsmen will allow this to be a pretty
correct definition, rather over than under the mark as
far as my experience goes: 200 yards may be taken as
the very outside limit at which it is ever advisable to
fire at ordinary game; not because the rifle may not
be accurate enough to ensure frequent hitting at much
greater distances, but because the probability of killing
at such ranges is very small indeed; and humanity, not
to say sportsmanlike feeling, demands that we shall not
knowingly run so strong a chance of wounding, and
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consigning to a miserable and lingering death, the
animals over which we have dominion, to use but not
to abuse. Moreover, most men who have shot much
in the forests of India will agree that it is only on the
open plain that such long shots even as this will be
likely to present themselves. In the jungle, at least
one-half are under 50 yards, three-fourths under 75,
and all, with scarcely an exception, under 100; that is
to say, these are the distances at which animals are
usually killed in jungle shooting, and I imagine that the
case is very much the same in other forest countries.
If any one thinks that the general run of his successful
shots are at longer distances than these, let him put
them to the crucial test of measuring; and, if still

unconvinced, all I can say is that his experience differs

from my own and that of most shots of my acquaintance.

One hundred and fifty yards, then, may be taken as the

distance up to which great accuracy of shooting is to be

sought for in the sporting rifle; consequently, if any

two rifles are found each to be sufficiently accurate for

our purpose up to that distance, the question of their

respective merits for game-shooting must be decided on

other grounds.

9. The fourth point to attend to in the sporting rifle
is, that it shall require the least possible amount of elevation
to carry its ball up to sporting ranges, i.e. up to 150 or 200
yards; or, in other words, that its trajectory, or path of
flight of its projectile, up to that distance, shall be as flat
a curve as may be obtainable. It is in this respect that
the old style of rifle, and too many modern ones also,
are 8o wofully deficient. It is a point of the very utmost
importance, and cannot be sufficiently insisted on. It
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is, in fact, the life and soul of accurate rifle shooting at
game, particularly when in motion. A miss is generally
caused by wrong elevation—misjudging distance, or not
allowing for something or other. If the sportsman is a
moderately good shot, the ball seldom goes to the right
or left, but * just a little too high, or too low.” This is
generally the fault of the rifle in requiring so much
elevation that allowance has to be made even at the
shortest ranges. The objects aimed at by military rifles,
or the bodies of men, and those at which the sporting
weapon is generally directed, or the bodies of animals,
offer marks of very different shape. The former are
tall and thin, and thus present considerable margin for
an error in elevation; while the latter, though often
long enough horizontally, yet generally offer a very
small vertical margin indeed for errors of this descrip-
tion. It is, therefore, of double importance that the
elevation should be as little as possible in the sporting
rifle. It will be seen afterwards, that the point-blank
range of a sporting rifle is defined to be the distance up
to which a shot may be taken without considering ele-
vation at all, that is, covering exactly the ohject intended
to be hit; and beyond which distance artificial elevation
either by sights or by allowance must be given. It is
evident that the longer this point-blank range can be
made, the better will the rifle be for sporting purposes.
The point-blank of a bad rifle may end at five paces
from the muzzle, while that of a good one may extend
to 100 yards or more; and this, if the other points
necessary to be attended to arc present, forms a very
good criterion of the merit of a sporting rifle. The
far-famed American backwoods’ rifle was pre-eminently
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distinguished in this respect; and hence the fame ac-
quired by the men who used it for splendid shooting
at short distances, that is, within the point-blank range.
Any one with practice can learn to hit a stationary
object the distance of which is known,—the sight of the
rifle being regulated accordingly; the difficulty lies in
judging the distance. But with the Yankee rifles no
judging was required ; at anything under 100 yards the
aim was taken point-blank with the same sight, and
consequently it made no difference whether the squirrel
squatting on a branch, or the wild turkey’s head over a
tree-top, was 20, or 50, or 90 yards away ; only cover it
truly, and down it went! The nearer, therefore, we
can make our sporting rifle resemble the Kentucky
weapon tn this respect, attending also to the other essen-
tial elements, the better will it be.

10. As will afterwards be shown, it by no means
follows that, because a rifle requires comparatively little
elevation at the extremec length of its range, it is also
necessarily the best in this respect at sporting distances.
Some rifles start their projectiles at a low velocity, and
require considerable elevation at short distances; yet,
on account of their offering a small surface for the
atmosphere to act on in proportion to their weight, they
retain this velocity but slightly impaired up to the extre-
mity of a long flight, and require comparatively slight
elevation at long ranges. Others again start with a
very high velocity, and so require but little elevation
at short distances; but from their presenting a large
surface to the air in proportion to their weight, are
unable to retain a sufficient portion of their initial
velocity for any time, and require great elevation at
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long distances. Now it will be evident that, of these
two, while the former will, in the matter of elevation,
be the better military weapon, the latter is the one we
should select as a sporting weapon—sacrificing what is
of no use to us, a low trajectory at long ranges, in order
to get in greater perfection what we want, the lowest
possible trajectory at sporting distances. This lowness
of trajectory is only to be secured (as will be after-
wards explained) by giving the ball the highest possible
velocity of flight. By so doing we gain a further
advantage in shooting at running game; for the faster
the ball “goes up,” the less allowance will have to be
made when animals present crossing shots at speed.

11. The fifth point for attention is, that the anterior
or striking surface of a sporting projectile must not be
of too acute a shape. It is found, that with any form
more pointed than a hemisphere, the shock given to an
animal is much less, although the actual diameter, and
consequently the striking area, of the ball be the same.
Almost all practical sportsmen agree on this point. The
author and sportsman above quoted says,—

« Having expressed my opinion respecting the bore of the
rifle, I will now touch upon the shape of the bullets. AsI
before stated, I do not approve of the sharp-pointed cone; it
does not produce sufficient concussion, but enters the animal
more like the thrust of a sword than the blow of a bullet;
there is not sufficient shock; there is as much difference
between the blow of a hammer and the thrust of a dagger, as
in the shock of the blunt bullet and the perforation of the
sharp cone. Thus, should the sharp point strike in the wrong
place, it produces no immediate effect—it is scarcely felt; but
the stunning blow of the blunt bullet, even when wrongly
placed, will generally disable the animal.”
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12, It is, moreover, found that the slightest ob-
struction of bone or sinew, or even muscle, meeting
obliquely a pointed cone passing through an animal, is
apt to turn it from its course, and frustrate the aim of
the sportsman. The bones escape unbroken, and the
ball merely makes an eccentric flesh wound, harmless
at the time, although it may eventually cause the death
of the animal. It was from observing constant instances
of such wounds that I first began to doubt the advan-
tages of the pointed form for sporting projectiles; I
have seen such a ball strike a tiger between the eyes,
and cut a groove over the top of his head, making its
exit at the nape of the neck, with no other effect but
that of temporarily stunning him. I have seen another
glance from the ribs of a “ neilgae,” pass over his chest,
and lodge in the opposite side of his body. Indeed,
there is no end to the instances I might give, from the
experience of myself and my friends. The published
experience of many sportsmen confizms my own in this
point ; and, shortly after the Crimean war, a surgeon
in charge of a large number of wounded men reported
that he—

¢ Also observed that these bullets (the Minié) made holes
as if they had been drilled, and that they travelled over or
through the body in the most eccentric directions. . . . . The
conclusion drawn is that, after all, conical balls produce less
dangerous gunshot wounds than the ordinary spherical ones,
since, whenever they first meet an obstacle, unless they strike
with the apex, they deviate from their course instead of
smashing the bone, and make their way through the fleshy
part of the body.”

13. In addition to the above five points to be at-
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tended to in the construction of the sporting rifle, it is
necessary that its weight, if for general purposes, be
within the power of the sportsman to carry. This will,
of course, depend much on the natural strength of the
user, and also on his state of training; for, by practice,
a man may bring himself to bear with ease what at first
was far beyond his powers. The military authorities
have fized the weight of the short Enfield rifle at about
8} lbs. exclusive of ammunition; and in India, parti-
cularly in the hot weather, I think 91bs. will be found
as much as an average man can manage, even when in
practice. Of course, if any one finds that he can bear
a pound or two more, so much the better, for he will be
able to use a more powerful weapon than his neigh-
bours. But I think 9 Ibs. may be taken as the standard
for the average of men. In the second class of rifles
again, any weight may be allowed, so long as the
weapon remains manageable.

14. The recoil of the sporting rifle must not be so
severe as to be unpleasant, or to occasion that shrink-
ing from the explosion, which is the cause of so much
bad shooting. In the second class, a little more latitude
may be allowed in this respect, as comparatively few
shots would be fired with such a rifle at any one time;
still there is a certain limit, which must not be trans-
gressed even in them, Here, too, practice will be
found to improve the sportsman’s power of standing
up to large charges in heavy rifles; and, moreover, it
must be remembered that, in the excitement of firing at
game, the effect of the recoil is much less felt than in
target shooting. I have used a very powerful 8-gauge
rifle with eight drachms of powder, and although three
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shots at a target made my shoulder ache for days, I
never felt the recoil when firing at game, whether at
the time or afterwards. The reason must be, that the
rifle is held tighter to the shoulder in the latter, than in
the former, case. Apropos of this, I must be allowed to
quote the following description, from Mr. Baker’s Nile
book, of a sweet thing in rifles :—

¢ Among other weapons I had an extraordinary riflc that
carried a half-pound percussion shell. This instrument of
torture to the hunter was not sufficiently heavy for the weight
of the projectile ; it only weighed 20 lbs.: thus with a charge
of 10 drs. of powder, behind a half-pound shell, the recoil was
so terrific that I was spun round like a weathercock in a
hurricane. I really dreaded my own rifle, although I had
been accustomed to heavy charges of powder and severe recoil
for many years. None of my men could fire it, and it was
looked upon with a species of awc, and was named ‘Jenna el
Mootfa” (child of a cannon) by the Arabs, which being far
too long a name for practice, I christened it the ¢Baby;’
and the scream of this ¢ Baby,” loaded with a hali~pound
shell, was always fatal.”

15. Another point to attend to is, that the barrels of
the sporting rifle be of a moderate length, particularly for
forest shooting. This also will, in some measure, depend
on the stature and strength of the user; but, for quick
shooting, a rifle should never exceed 28 inches; and
many, including myself, consider 26, or even 24, quite
as long as should be used. Now, all the different sys-
tems of rifling and of projectiles will not be equally
suitable to barrels of these lengths. Some are quite
incompatible with them, while others are more adapted
for such barrels than for longer ones. If; then, any
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two systems were equal in other respects, but one of
them more suitable to short barrels than the other, it
would be the better of the two for a sporting rifle.
The very contrary, it may be observed, is the case with
military arms; in which, to ensure safety, and give
efficiency to the bayonet, considerable length of barrel
is requisite.

16. Let us now set down, in the order of their im-
portance, the conditions of the sporting rifle, as was
done in the case of the military weapon :—

i, Weight, if for general purposes, not more than
9 Ibs. ; in second class, manageable.

ii. Moderate recoil.

iii. Sufficient accuracy at sporting ranges.

iv. Sufficient penetration at sporting ranges.

v. The least degree of elevation at sporting distances.

vi. The largest possible striking surface (or gauge)
in the projectile.

vil. Projectile of a shape not more acute than a hemi-
sphere.

viii. Easy and rapid loading. .

ix. Moderately short barrels.

x. General handiness and simplicity.

Under this last head are included many minor
points, which, collectively, may vastly increase or
diminish the usefulness of the sporting rifle, and which
will hereafter be mentioned in detail. It is, for instance,
sometimes necessary to increase the regular charge of
powder for the ponderous beasts of chase. For it would
be absurd to use constantly, for all game, such excessive
‘charges as are found necessary for such sports as ele-
phant or bison shooting, for example. Now, some rifles



Military and Sporting Rifles. 17

will bear this increasé of charge without having their
accuracy of shooting impaired ; while others, if over-
charged, or if by accident two charges be used instead
of one, are immediately rendered most inaccurate at the
shortest ranges. The former would be decidedly more
¢ handy ” than the latter for a sporting weapon. Again,
a rifle which fouls very rapidly is likely to be less useful
throughout a long day’s sport than another which does
not foul so fast. It is also of great importance that a
rifle should be as free as possible from all chance of
accidental derangement. Simplicity in all its parts is,
therefore, most desirable.

17. 1 shall now proceed to inquire what system of
rifles best fulfils the majority of these conditions—bear-
ing in mind that, although a rifle may be pre-eminently
good in one or more of these points, yet, if it fails in
others that stand higher in the list, and are suppsed to
be of greater importance, its excellence in the point of
lower value will weigh comparatively little towards its
merit as a sporting rifle. Before, however, entering on
this inquiry, I must claim the indulgence of such of my
readers as have made gunnery a study, and briefly
explain some of its theoretical principles, without which
I might not, by some, be thoroughly understood. I shall,
however, omit all matters that may be supposed familiar
to all, and touch on nothing but what is absolutely neces-
sary to my purpose. Those of my readers who feel a

_disinclination to purely theoretical argument are recom-
mended to “ skip ” it, and proceed at once to Chapter II1.,
where the practical application of the principles deduced
is made.

2
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CHAPTER 1L
SOME PRINCIPLES OF MODERN GUNNERY.

18. TaE influences which determine the path traversed
by projectiles in their flicht through the air are chiefly,
the force of impulse, the force of gravity, and the resistance
offered by the atmosphere. Were .the first to act alone,
the projectile would evidently proceed to an infinite
distance in the direction in which it was originally
projected. This is, however, modified by the action of
the other two, which cause it to describe a curve, and
eventually bring it to a state of rest.

19. Gravity tends to draw the projectile down
from its line of projection towards the earth, and un
equal time has an equal effect on all balls of whatever
shape and weight ; that is, an ounce ball and a two-ounce
one will each be drawn the same distance towards the
ground by this force during the 1st second of their
flight, an equal (although greater) distance during the
2nd second, and so on. The horizontal distance tra-
versed during any period of time does not affect the
truth of this; thus, the 1 oz ball may traverse 400
yards, and the 2 oz. 600, during the first second of
their respective flights, yet it will be found that each
has fallen the same distance from the line of projection,
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and this distance is just the same as that they would
have fallen through in the same time if dropped from a
state of rest. The action of gravity begins to operate
on the projectile as soon as it ceases to receive arti-
ficial support from the barrel by leaving the muzzle
of the gun.

Axtom A. A uniform accelerating force is one which
adds equal velocities in equal times.

Axiom B. With uniform accelerating forces, the space
described from the beginning of the motion is as the square
of the time.

Now gravity is a uniform accelerating force, and
therefore adds equal velocities to a body under its influ-
ence in equal times ; and, also, the whole space described
by the body increases according to the square of the
time it has been under its influence. Thus, if a ball
falls 4 inches in any short period of time, in two similar
periods it will fall, not 8, but 16 inches.

20. The resistance of the atmosphere is a force
tending to obstruct the passage of the projectile through
it; and, unlike gravity, varies according to the shape
and weight of the projectile, the velocity with which it
is travelling, and some other minor conditions which
it is unnecessary to refer to here.

21. This resistance is somewhat modified by the
form of the anterior portion of the projectile, a bluntly
pointed one receiving more resistance in the direction
opposite to its line of motion than a more tapering one,
although each displaces exactly the same volume of air.

22, The effect of this resistance, then, is more or
less to retard the flight of the projectile, and lessen its
rate of velocity more and more as it gets farther from

2—2
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the rifle. If the whole distance traversed be divided
into equal portions, it will be found that it takes a
longer time to accomplish each successive portion of the
distance ; that is, it will take a longer time to traverse
the second hundred yards of its flight than to do the first
hundred, and a still longer time to do the third hundred
than the second, and so on.

23. But the action of gravity depends on the time of
Jlight, not on the distance traversed ; it will, therefore, on
this account also, have a greater effect on the ball during
the second hundred yards of its flight than it had in the
first hundred yards, and a still greater in the third
hundred yards than in the second. Supposing, then,
that a projectile took any certain period of time to
travel the fiest hundred yards, and, owing to the resist-
ance of the air, takes two similar periods to travel the
second hundred yards, the distance it would be drawn
towards the earth by gravity during the first period
would be to the total distance it falls in the three
periods, as 1 to 9. For example, if it fell 4 inches
during the first period, or hundred yards, it would have
fallen, at the end of the 200 yards, 36 inches altogether.

24, From all this it results that a projectile fired in
a horizontal direction begins at once to describe a path
curving downwards towards the earth, increasing in
sharpness the further the bullet flies. Fig. 1, Plate I,
shows the imaginary curved paths of three different
projectiles, each supposed to have been originally pro-
jected in the horizontal direction. A. B. This diagram
is necessarily much distorted, the vertical falls being
shown on a much larger scale than the horizontal ranges ;
it suffices, however, to illustrate the theory.
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25. It is evident, then, that if we point a gun
directly at any object we ‘can mever hit it, owing to the
ba]l having been subject to the action of gravity during
the time it took to reach it, and so having been drawn
downwards from its original direction. To remedy this,
we must direct the gun at a point as much above the
point we wish to hit, as the ball will fall during its
flight. This is the principle of giving artificial elevation,
and in the rifle is effected by the well-known device of
raised sights. By fixing a high sight on the breech end
(a, Fig. 2), and using it in taking aim, we elevate the
axis of the barrel more or less according to the height
of the sight, and so are enabled, while continuing to
look straight at an object, to in fact direct the weapon
at a point a certain distance above it. Thus (Fig. 1,
Plate L), if we wish to hit a mark a, placed at 400
yards, we must direct the axis of the barrel, not at a,
but a certain distance a b, a ¢, or a d, above it, according
to the projectile’s natural path being higher or lower
at that range. By using an elevated sight-piece we
effect this tilting-up of the barrel, while our aim still
follows the horizontal line A a.

26. Some persons cannot divest themselves of the
erroneous notion that there is some force tending to
make a bullet “rise” from the direction in which it is
projected. This is owing to their confounding the line
of fire with the line of sight, or aim. A reference to
Fig 2, Plate I, will, I trust, assist such persons in
coming to a right understanding on this point. In
order to hit the target D, we project the ball in the
line A B: this is the line of jire. We maintain our aim
on the target by looking over the sight-piece a, in the
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line C D: this is the line of aim. The curved path of
the bullet, it will be observed, rises relatively to the line
of aim, but falls relatively to the line of fire.

27. The following axioms are true of all projectiles
in motion through the air:—

Axiom C. The larger the area presented to the action
of the air in proportion to the mass or weight of the pro-
Jectile, the more it will be resisted.

Thus, a leaden sphere weighing 1 oz will present
amuch greater surface for the air to act upon than a
cone of the same weight, and will therefore be more
resisted in proportion to its weight.

Axitom D. Tle resistance of the air to projectiles which
present to it similar surfaces varies mearly as the squares
of their velocitics.

Thus, if two similar projectiles are travelling with
different velocities, say, with the velocities 2 and 3
respectively, the resistances each will receive from the
air will be as 4 to 9.

28. By Axiom C, a sphere will be more retarded in
its flight by the atmosphere than any elongated pro-
jectile of equal weight ; and the longer the latter is made
in proportion to its greatest width, the less will it be
retarded ; for the area of its greatest circle (which is the
surface resisted by the air) will be less and less in pro-
portion to its weight, the longer and narrower it is
made. Suppose, then, two elongated projectiles of lead,
A and B, of equal diameter, but varying in length, so
that B contains a greater weight than A, in the propor-
tion of two to one; the surface presented to the air will
be the same in each, but B being twice as heavy as A,
will be only half as much resisted, and will therefore



Some Principles of Modern Gunnery. 23

lose its initial velocity in a much less degree. Suppose
now that both these are started together with such an
initial velocity as would cause them to travel, if un-
registed, at the rate of 100 yards per second :—Suppose,
also, that BB, owing to the resistance of the air, loses 10
yarls of this velocity in the 1st second :—then, A
being twice as much resisted, will lose 20 yards; or, in
other words, while B goes 90 yards in the 1st second,
A will only go 80 in the same time. But gravity acts
equally on both in the same time ; therefore A will have
been drawn the same distance towards the ground in
80 yards, as B in 90. Again, B starts on its second
period of flight with a velocity of 90 yards per second,
while A starts with a velocity of 80 yards per second.
This time the proportion of resistances will not be
so great as two to one; for B is now travelling faster
than A, and by axiom b, the resistances are as the
squares of the velocities. The resistances experienced
by A and B respectively will now be nearly as 14
to 9. Suppose, now, that during this second period
of flight, B loses 18 yards of velocity from atmo-
spherical resistance ; it will then, starting at 90 yards
per second, go 72 yards in this 2nd second of its
flight; while A, resisted as 14 to 9, and starting at 80
yards per second, will lose 28 yards, and go only 52
yards in this 2nd second. A will therefore be drawn
down by gravity as much more in 52 yards as B will
be in 72 ; or, adding both periods together, while B will
have fallen from its line of projection a certain distance
in the first 162 yards of its flight, A will have fallen
the same distance in 132 yards, and so on; A losing
ground more and more the farther the flight of both
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extends. Applying in these two cases the principle of
giving artificial elevation by raised sights (para. 25), the
shorter bullet, A, will evidently require to be givena
greater elevation to make it range the same distance as
the longer B, when both start with the same initial velocity.

29. Again, let us suppose that these two elongsted
bullets start with unequal velocities. Let that of 4 be
to that of B as 2 to 1; or, while the heavy bullet B,
starts as before at 100 yards per second, let the lighter,
A, start at 200 yards per second. The ratio of resist-
ances on account of difference in weight will still remain
the same as before, and B will be resisted in proportion
to A as 1 to 2; but (by axiom p) B will also be resisted
in proportion to A as 1 to 4. The total ratio of resist-
ances will therefore be as 1 to 8. B being started under
the same conditions as before, will travel 90 yards in the
1st second, losing as before 10 by resistance, while A
will lose 8 times as much, or 80 yards, and will, there-
fore, travel 200 —80=120 yards in the 1st second. In
this case, therefore, the lighter ball has the advantage
of the heavier during the 1st second, and will be drawn
by gravity a certain distance towards the ground in the
first 120 yards, while B is drawn down the same distance
after traversing only 90 yards. A will now start on its
second period of flight with a velocity of 120 yards per
second, and B at 90 yards per second, and the resist-
ances experienced by them will be as 2 to 1 on account
of weight, and as 16 to 9 on account of velocity (by
Axiom D), or altogether, as 32 to 9. Suppose now, as
before, that B loses 18 yards of velocity during the
2nd second, it will as before go 72 yards in that
time; while A, starting at 120 yards per second, will
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lose 64 yards, and, therefore, travel only 56 yards in
the, 2nd period of their flight. In the two seconds
together, therefore, A has gone 176 yards while B has
gone 172, Although B, then, started originally with
only half the velocity of A, and was far behind it at the
end of the first period, yet it is seen that by virtue of
its greater overcoming power (as it is termed), it has
travelled nearly the same distance as A during the first
two seconds together; and it is evident that, during the
third second, the heavier projectile B must pass the
lighter A, and the farther they fly gain more and more
upon it. Applying, as in the former case, the principle
of artificial elevation, it is evident that the lighter ball
A will require less elevation, and will have a lower
trajectory than the heavier B during the first period of
their flicht. The elevations and trajectories at the end
of the second period will be nearly equal in height, and
during future periods the longer and heavier ball will
have a lower trajectory, and require less elevation than
the shorter and lighter; and this superiority will become
more and more decided as the ranges get longer.*

30. From the above it will be understood how it is
that of two sifles the one may be superior in the matter of
elevation at short distances, but inferior at long, to the
other, and vice versd. This law has hitherto been ignored
in the construction of the sporting rifle, and it has been
assumed that, because a particular rifle takes the least
elevation at long ranges, it must also have the lowest

* It will be at once perceived that the calculations here made are
not intended to represent the actual paths of any known projectiles,
but are merely sclected as convenient for illustrating the theorics
advanced.
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trajectory at sporting distances; whereas the very con-
trary is the fact. 'When we come to consider the merits
of the different systems of rifles, I shall have more to say
on this point; at present, my only object is to explain
the theory as I believe it to stand, of what has been
found in practice to be a fact. I am bound to say,
however, that since the first publication of this work
the subject is much better appreciated.

31. In order to elucidate this theory still farther, I
have drawn out the accompanying chart of the trajec-
tories of three different projectiles of the same gauge, but
varying in length and weight (Fig. 1, Plate L); the
one coloured black being the plain sphere, the red an
elongated projectile of two diameters in length, and the
blue a still longer one of three diameters. Their respec-
tive trajectories are also drawn in these colours to assist
the eye. All three are supposed to start from A in the
direction A B, but with different initial velocities—the
sphere having the greatest, the short cone next, and
the long cone least of all. It will be seen that in the
matter of elevation the sphere will be the best up to
200 yards, the red cone will be the best if the ranges
are extended to 500, red and blue equal at 600, and at
farther distances the blue the best. It will be seen that
to economize space the diagram is very much distorted,
and consequently the trajectory curves seem much
higher than they should be. It must also be understood
that, in this instance, as in the last, no actual existing
projectiles are here referred to: they and their trajec-
tories are alike imaginary, and only made use of to
illustrate the law above laid down.

32. This effect of atmospherical resistance on pro-
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jectiles, mamely, that ‘of obstructing their flight, is a
constant one, so long as the same surface is presented to
the air, and may be reckoned on as having the same
effect on any number of similar projectiles discharged
under similar circumstances. It is, therefore, under our
control, and by regulating the arrangement of the sights,
it has no effect on accuracy of shooting; but we have
now to consider another effect of atmospherical resist-
ance, of such a nature as, if we had not discovered a
method of altogether preventing it, would be fatal to all
accuracy of flight. In treating of the inaccuracy of
flight of all projectiles fired from plain barrels, I shall
divide my remarks into three heads, viz., Tue Causk,
Tre Errect, and TrE Cure. And first :(—

Tue CAvsE.

_33. In order to understand this, a few more defini-
tions will be necessary :—

Axiom E. If the directions of any nwmber of jforces
acting on a body are parallel to each other, their resultant is
a force parallel to them, and equal in amount to their sum.

Axitom F. If the direction of a force acting on a free body
pass through its centre of gravity, @t will communicate to
the body a motion in the direction of the force, which is
called a motion of TRANSLATION ; but if it pass on one side
of the centre of gravity, it will communicate to it, in addi-
tion to the motion of tramslation, a motion of ROTATION
round its centre of gravity.

Axiom G. The MOMENT of rotation round the centre of
gravity is equal to the strength of the force causing it, mul-
tiplied by the perpendicular distance of its direction from the
centre of gravity.
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34. Let us now apply these principles to the motions
of projectiles; first, with reference to the impulsive force
of the charge; and, secondly, to the obstructive force of
the atmosphere. The force of the gunpowder gases is
just so many parallel pressures on the hinder end of the
projectile, the resultant of which may or may not pass
through the centre of gravity, With elongated pro-
jectiles having a considerable bearing on the barrel, it is
evident that it is of no consequence whether the resultant
pass through the centre of gravity or not; for no motion
of rotation can be established within the barrel; but it
is otherwise with spheres which merely touch the barrel
in their peripheries. If a sphere be mathematically true
in form, and perfectly homogeneous (that is, having its
centre of gravity coincident with the mathematical centre
of its figure), then it is evident that the resultant of the
pressures of the gases must pass through its centre of
gravity, and in this case also a motion of translation
only will be the result. But if, through a flaw in its
structure, its centre of gravity be on one side of the
centre of its figure, then it is clear that the resultant of
the pressures cannot pass through its centre of gravity,
but on one side of it, and it will, therefore, by Axiom F,
receive a motion of rotation about its centre of gravity,
with which it will leave the muzzle.

35. With reference, again, to the resistance of the
air; the whole resistance experienced by the projectile
is evidently made up of an infinite number of parallel
resistances or forces, which have a resultant acting in
the same direction, and equal in strength to the sum of
the whole. This resultant may or may not pass through
the centre of gravity of the projectile. If it does, the
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only force will be one of ¢ranslation (which is the retard-
ing force treated of in the beginning of this chapter),
but if it passes on one side of the centre of gravity, it
will, in addition to the force of translation, produce a
motion of rotation round the centre of gravity. Now,
the only circumstances under which the resultant can
pass through the centre of gravity, is when the plane
passing through the centre of gravity, at right angles to
the direction of the resultant (called the plane of resist-
ance), is symmetrical on opposite sides of the centre of
gravity ; or, in other words, is divided into equal areas by
all other planes which pass through the centre of gravity.

36. If a sphere be mathematically true in sphericity
and homogeneousness, it will constantly answer to these
conditions, for in all positions the plane of resistance
will be a circle, and symmetrical round the centre of
gravity. Likewise, all accurately constructed elongated
projectiles answer the conditions, so long as they keep their
longest axes perpendicular to the plane of resistance. But
since they travel through the air in a curved, not a
straight line, they. cannot do this for any length of time
after leaving the muzzle, for the direction of the resist-
ances is constantly altering, while that of the longest
axis remains the same.* As soon as the plane of resist-
ance ceases to be at right angles to the longest axis,
it is evident that it can no longer be a circle or
symmetrical round the centre of gravity; consequently
the resultant of the resistances will no longer pass
through the centre of gravity of the projectile, but on
one side of it, and by Axiom F will produce a rotatory

* I speak here of unrifled projectiles.
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motion round the centre of gravity. This tendency to
assume a rotatory motion will be more or less powerful
according to circumstances. The farther the projectile
flies, the more oblique will its axis become to the plane
of resistance, and the more unsymmetrical, therefore,
will that plane of resistance be; consequently the per-
pendicular distance from the centre of gravity to the
direction of the resultant of resistances will become
greater, and by Axiom G, the moment of rotation will be-
come greater in proportion. Also, the more the centre of
gravity fails to coincide with the centre of figure in any
projectile, the greater will the perpendicular distance from
the centre of gravity to the direction of resistance be,
and by axiom @, the greater the moment of rotation. The
longer, therefore, a projectile is in proportion to its width
or greatest diameter, the more tendency will it have to
assume a motion of rotation, for its centre of gravity
will be farther from its centre of figure. The result of
this non-coincidence will vary according to the position
of the centre of gravity. If it be posterior to the centre
of figure, the moment of the force may be so great as to
establish a motion of rotation round the centre of
gravity ; or it may be only sufficient to force the front
of the projectile to the rear, and establish a motion of
oscillation round the centre of gravity, in which the revo-
lutions are not complete (as they are in rotatory motion).
But if the centre of gravity be anterior to the centre of
figure, a motion of oscillation only can be established, and
this will be more violent the greater the distance between
the centre of gravity and the centre of figure.

37. 1t is, therefore, evident that the only projectile
containing in itself the conditions necessary for a true
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and regular flight, is the perfect sphere—the *ideal”
sphere, we may call it—perfect in sphericity and homo-
geneousness, and starting without any rotatory motion.
But such projectiles are unobtainable in practice—they
cannot be constructed by human skill, so that their
centre of gravity and centre of figure shall invariably
coincide. Al known projectiles, therefore, when dis-
charged from a plain barrel, are more or less liable to
recetve an trreqular rotatory or oscillating motion, the
direction and amount of which cannot be ascertained by
previous calculation, as it varies at every shot. This is
the Cause ; let us now see what is—

Tue Errecr.

88. If the motion be one of oscillution merely, it
will cause the projectile to present to the air an ever-
varying area of surface; and the amount of air dis-
placed, and resistance experienced, by the projectile,
will be constantly altering at different points of its
flight, which will cause it to range a greater or less dis-
tance with the same elevation at different shots. Here is
one source of inaccuracy ;—also, the oscillating end will
act like a helm on the projectile, and render the direc-
tion of its flight most uncertain. Neither the elevation
nor the direction of its flight can, therefore, be calculated
on; and its flight being quite beyond our control cannot
be rendered useful for any purpose.

89. If a motion of rotation, however, be established,
in addition to these causes of divergence are others.
The accompanying figures illustrate these. If the pro-
jectile of which D E F G is a section be moving in
the direction A B, and have also a motion of rotation in
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the direction of the dotted sagitta, let its velocity in the
direction A B be V, and the velocity of its rotation
be V'. Then it is evident that relatively to the sur-
rounding air, the hemisphere D E F will be going with
avelocity V+ V', and the hemisphere D G F with a velo-
city V — V', thatis, with a
less velocity than hemi-
sphere D E F; therefore,
by axiom b, the pressure
of the air on the quadrant
D E will be greater than
that on the quadrant D G,
in proportion to the differ-
ence of the squares of their
velocities. It is evident
then that the force result-
ant from the whole of the
pressure on the hemi-
sphere G D E, must be
represented by a line the
direction of which passes, not through the centre of
gravity C, but on the side of it on which there is
a greater pressure. Let this force be represented by
the line @ b, meeting the surface at b This force
may be resolved into two others, d b and ¢ b, the
former tangential to the surface, and acting only in
retarding the rotation of the projectile, and the latter ¢ &
acting at right angles to the surface, that is, on the centre
of gravity C. This latter force may therefore be repre-
sented by the line ¢ C, of similar length and direction.
This force again may be resolved into two, g C and
h C, the former representing the retardative force of

i)
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the air to the ball’s-forward motion in the direction
A B, and the latter, a' force tending to divert the
ball in the direction A& C, that is, in the direction of the
rotation of the front of the ball.

Again, suppose the projectile as before moving in
the direction A B, and rotating in the direction of the
dotted sagitta, then the
air in front of it will
be more condensed than
that in rear of it, and
consequently the friction
of the air against the
surface £ D G, will be
greater than that on the
hemisphere E F G.
Let b be a point on the
hemisphere E D G.
The force of friction on
this point may be repre-
sented by the tangen-
tial sagitta f b, and, by
the theorem of couples, this force may be represented
as acting at D, instead of b, in the line ¢ D. In the
same manner, the force of friction at any point of the
hemisphere E D G, may be transferred to the point D,
and the line ¢ D may be made to represent the total
force of friction on the hemisphere E D G. Also, in
the same way, the total friction on the hemisphere
E F G, may be represented by a line £ F, acting at F,
and this force will, for the reason above stated, be less
than the force ¢ D. The total force of the friction
then tending to retard the rotation of the projectile is

8

B
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¢D + k F. But, by Axiom F, there will be another
force equal to ¢ D —£ F, tending to give the projectile a
motion of translation in the direction ¢ D ; this force may
be represented by the sagitta g C, acting in the direction
opposite to that of the rotation of the front of the projectile.

Here, then, we have two causes of divergence acting
in exactly opposite directions; one from the pressure of
the air tending to divert the projectile in the direction
in which the front of the projectile revolves, and the
other from the Jriction of the air tending to divert it in
a direction directly opposite. If these two tendencies
in any case exactly balance each other, no divergence
would occur. When, however, one is greater than the
other, a divergence must occur. It remains to apply
these principles to actual cases. If we suppose D EF G
ih the first figure to be the section of a sphere, it is evi-
dent that when the rotation of the front takes place from
right to left, the sphere tends to diverge to the left, and
vice versd ; when from above downwards, the projectile
must fall, and so the range be lessened at any elevation ;
and when from below upwards, it would tend to rise,
and the range at a given elevation be increased. The
force of friction, acting as exemplified in the second
figure, would of course tend in all these cases to coun-
teract these divergencies; but the effective friction on a
sphere is, in proportion to the effective pressure of the
atmosphere, comparatively small, and we should expect
to find that spheres deviate in the direction of the rotation
of their front parts. Now, careful experiments in the
English, Belgian, and Prussian artillery services have
demonstrated that this actually occurs in a very marked
degree, and attempts have been made to increase the
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range of smooth-bored ordnance by giving the shot a
rotation from below upwards. Greatly increased ranges
have thus been obtained in leisurely experimental prac-
tice, but mechanical difficulties have hitherto stood in
the way of any practical advantage being gained. Again,
let the first and second figures represent sections of an
elongated projectile flying side foremost, then it is clear
that, when its fore part rotates from right to left, the
pressure of the air will tend to drive it to the left of its
course, and when rotating from left to right, to the right
of its course, as shown in the first figure. But the
friction of the air will in each case tend to counteract
these effects; and as the effective friction on such a
projectile is very great (particularly when its surface is
roughened by grooves), and as the eccentricity of the
resultant of the pressure of the air will be comparatively
small, we should expect that such a projectile would
deviate in a direction opposite to that of the rotation of
its front. Now, it has been constantly found in practice
that elongated projectiles fired with a right-handed rota-
tion, when they are so shaped as not to keep their long
axes invariably tangential to the trajectory, deviate to
the right, and vice versé. These two cases have been
selected from all possible ones as illustrations of the
theories propounded, because they explain satisfactorily
what has not hitherto been well understood, namely,
why elongated projectiles have a drift or ¢ derivation”
to the right when fired with a right-handed rotation,
while spheres with a similar rotation deviate in the
opposite direction. At the same time, these instances
will serve to illustrate the nature of the forces which
constantly tend to cause rotating bodies to diverge in

8—2
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some direction or other, and all such divergences must
come under one or other, or both these heads. Perhaps
more familiar examples may tend to make these prin-
ciples clear to those who do not care to follow the fore-
going arguments, and we have two such ready to our
hand in the action of the paddles in steam-ships and
the sails of a sailing vessel. The action of a side wind
on a sailing vessel illustrates the case of resolution of
forces supposed, in the first figure ; a b, being the direc-
tion and force of the wind, striking at an angle on the
sail at b, is resolved into two forces ; one, d b, parallel to
the sail, causing friction only, and the other, ¢ b, acting
at right angles to the sail. This force transferred to C,
the centre of gravity of the vessel, resolves itself into
two forces, g C, tending to drive the ship to leeward,
and & C, giving the vessel a motion in the direction
of its course, E G. Again, in the second figure,
if D G F E be supposed to be the paddle-wheel
of a steamer, the lower half of which, E D G,
revolves in water, a denser medium than the air in
which the upper half, G F E, revolves, the friction
on the lower half will be greater than that on
the upper half; that is, ¢ D will be greater than £ F,
and ¢ D~k F, thatis, g C, will represent the force
which, acting at C, the centre of gravity of the steamer,
gives it a motion in the direction of its course, G E.
These are not perfect examples of the forces created by
the revolution of projectiles, but they will serve to
illustrate the subject to those who are unable to appre-
hend it from the more correct demonstration previously
given. To resume, then:—It has been shown that a
‘projectile revolving in air is liable to diverge in some
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direction, which, could its exact rotation be ascertained,
might be calculated and allowed for in aiming ; but
(para. 37) it has been seen that the direction and
amount of this rotation cannot be ascertained by pre-
vious calculation in the case of projectiles fired from a
plain barrel ; and it therefore follows that the direction
and amount of the divergence is uncertain also.

Tae Core.

40. This uncertainty of flight inherent in all pro-
jectiles, it will be observed, arises from the direction
and amount of the rotatory or oscillating motion being
uncertain. A projectile launched into space is like an
abandoned ship at sea, with no one to set the sails, and
the helm veering round in all directions. Set but the
sails and the helm at a certain angle, and the ship will
hold a straight and settled course. Just so, if we com-
municate to a projectile a certain determinate motion of
rotation, constant in amount and direction ; we thereby
prevent its assuming any other rotatory motion, and
giwe @t a fixed tendency to diverge in a certain known
direction, and at a certain known rate. We can then, by
previous calculation, determine its path of flight, and
by altering our aim according to the known divergence,
make it available for useful purposes. This rotatory
motion might be communicated in any direction, but its
rate must vary according to the inkerent tendency of the
bullet to assume other rotatory motions ;—that is, the
moment of the normal or regular rotation which we
designedly give the projectile, must be greater than the
moment of any other abnormal rotation, or oscillation,
which the projectile would otherwise naturally assume,
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41. I have said that the direction of the rotation we
impart may be any we please, for any determinate rota-
tion may be rendered useful: there is, however, one
particular direction of rotation which possesses advan-
tages over all others, and which is, therefore, adopted
for the purpose, viz., that round the axis which is perpen-
dicular to the plane of resistance. Its advantages over
others are :—

i. It has no tendency to make the projectile diverge
from difference of density in the air behind and before,
or creates no “ derivation,” as the French call it.

ii. It is more easily communicated to the projectile
than any other by means of the rifled barrel.*

"These are the only advantages over others it possesses
when spherical balls are used; but in addition, when
elongated projectiles are employed, is this other :—

iii. It keeps the same area of surface (in an elongated
projectile) always presented to the air; and this being
the smallest area, there is less resistance experienced
from the air, and what there is, is regular.

42. From the above principles (para. 36) it is evident
that very much elongated conical balls will require a
greater amount of twist to be given to the grooves than
shorter ones; and that the greater the distance between
the centre of gravity and the centre of figure in any pro-
jectile, the greater degree of rifling will be required in
the barrel with which it is used. This distance is liable
to be increased by accidents in casting, &c.; the moment

* It is believed to be unnecessary to explain here what rifling a
barrel is ; for this and other points not touched on, I must refer the
reader to some elementary work on gunnery, such as the Regulation
Manual of Musketry Instruction.
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of the rotation given by the rifling will, therefore, re-
quire to be considerably greater than the moment of any
rotation that might be produced in the projectile by such
accidents, if stability of flight is desired.

43. It has been seen, then, that all irregularities of
flight to which projectiles are subject, are owing to
irregular and uncertain rotatory or oscillating motions
communicated either by the action of the powder-gases
in the barrel, or by that of the atmosphere during flight ;
that these irregular motions may be prevented by giving
the projectile a determinate rotatory motion which pro-
duces regular effects, and is, therefore, under our control ;
that the power, or moment, of this known rotatory
motion must be greater than that of the possible irre-
gular motions which the projectile might otherwise
naturally assume; and that the known motion can be
communicated most conveniently by means of the rifled
barrel. What actual velocity of rotation it will be
necessary to give a projectile of a certain shape can
only be determined by experiment. As in all gunnery
problems, we require here to have a standard, deter-
mined by accurate experiment, This standard, how-
ever, once obtained, we can to some extent obviate the
necessity for constant fresh experiments, by studying the
ascertained laws which bear upon the subject, and deter-
mining therefrom the relative changes due to certain
variations in the size or material of the projectile or in
the method of projection. Let us see what changes in
the degree of rotation will be required when we—

1st. Use a projectile of larger diameter.

2nd. Give a higher velocity of projection.

3rd. Project the ball at a higher elevation.
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44, It must be remembered, in this inquiry, in what
manner the resistance of the air acts in causing diver-
gence. If at any point of the bullet’s flight the force of
the air’s resistance, tending to cause abnormal motion,
becomes greater than the moment of the normal rota-
tion, the axis of the projectile at once becomes unsteady,
and divergence begins. What we have to contend
against, therefore, is the greatest resistance at any point
during the flight; not (as some have stated) the total
resistance throughout the flight. If the rotation is
sufficient to secure steadiness at the point of greatest
resistance, no accumulation of inferior resistances can
endanger it. It is, therefore, the momentum of the
rotation, and not its vis vive, on which the stability of
the projectile will depend ; and if we give a momentum
of rotation so great that the greatest resistance of the
air fails to upset it, we are safe afterwards, for the
force of resistance must diminish more rapidly than
the velocity of rotation. Now, the momentum of the
rotation of any body is measured by its weight, multi-
plied by its radius of gyration, and.by the velocity with
which the extreme point of its radius of gyration
travels. But the radius of gyration bears a constant
proporticn to the diameter. Let A and B be two
spheres of lead, with diameters @ and b respectively,
and let the angular velocity of their rotation be V and V.
Let also M be the moment of rotation of A, and M’ that
of B. Then, as their weights will be proportional to the
cubes of their dianieters, we have—

M:M::axa*V:bxbV,
orasatV:0¢ V.,
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But the resistance of the.atmosphere on A will be to
that on B as a®to %; and it is, therefore, only necessary
that M should be to M’ as a? to 2%, in order to secure
the same stability of flight. Now M will be to M as

at to b%, when

V:V::0%:a

From this we deduce the rule, that in order to secure
the same available moment of rotation in projectiles of
different diameters, the angular velocity of rotation we
give them should be in the inverse proportion of the
squares of their diameters.

45, This rule, it appears, will hold good regarding
all spheres of similar material; but with spheres of
different specific gravities, the angular velocities will
vary in a ratio compounded of the inverse ratio of the
squares of their diameters, and of the inverse ratio of
their specific gravities.

46. Again, if the projectiles are cones or cylinders,
this formula will be incorrect; for the weights of such
bodies do not increase in the ratio of the cubes of their
diameters, but nearly in the compound ratio of the
squares of their diameters and of their heights. This is
in general a higher ratio than the cubes of their diame-
ters, and consequently, with large elongated projectiles,
the velocity of rotation may be reduced, as compared
with small ones, in a greater degree than in the case of
spheres.

47. For example: by the above rule, if the diameter
of a spherical projectile, A, is 1 in., and that of another,
B, 2 in, and A requires to turn on its axis once in
every 8 ft., B will require to turn only once in 32 fi.
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But if both were elongated projectiles, and a turn in
8 ft. were sufficient for A, a turn in 40 ft. might
perhaps suffice for B.

48. These theoretical principles have been found to
hold good in practice, as far as any accurate experi-
ments have been made, and it is probable that they are
correct.*

49. Secondly, what change in the angular velocity
will be required if we increase the velocity of projection?
By so doing, the extreme power of the air’s resistance
to cause upsetting is increased in proportion to the
squares of the velocities; but the angular velocity is
increased only in the same proportion as the increase
in the velocity of projection; we ought, therefore, to
increase the sharpness of the rifling just in the same

* If these principles of regulating the pitch of rifling according to
the size of the bore are even approximately correct, it is clear that our
artillerists have hitherto been procecding on erroneous ideas in their
attempts at the construction of an efficient rifiled great gun; and that,
until a true conception of the rates of spiral required by very large pro-
jectiles, is attained, all their mechanical ingenuity must fail to produce
the desired effect. I cannot perceive the difficulty of constructing a
9 or 10 inch gun to throw a rifled spherical projectile to an immense
distance with perfect accuracy, provided the pitch of the rifling be no
greater than is necessary for such a projectile. It seems to me that, as
in the case of the sporting rifle, the efforts of inventors of great guns
have hitherto been all in the wrong direction. In very large guns the
advantages of elongated projectiles over spherical ones in range, are
very much less than in small arms ; and the advantages of the spherical
form in the low pitch of rifling it requires, its high initial velocity, and
the reduction of strain on the gun, are very great. If, as has becn
found to be the case, even the unrifled smooth-bore cannon with its
spherical ball can hold its ground in destructive properties against other
forms of projectile up to the farthest ranges at which its comparative
inaccuracy allows it to compete, it is surely worth while at least to try
what it can do when the advantage of suitable rifling is confexred on it.
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degree as we give increased velocity of projection.
Thus, if we give A a velocity of 1,000 ft. per second,
and B of 1,50Q ft. per second; if A requires to turn
on its axis once in 9 fi., B will require to turn once
in 6 ft.

50. Again, an increase in the rotatory velocity will
be required when the ball is projected at a higher ele-
vation ; for then the direction of the air’s resistance
acts at an angle, increasing with the elevation, to the
direction of the motion of translation, and its upsetting
power will be proportionately increased. In addition to
this, in the case of an elongated projectile, there will be
a larger surface for the air to act on, and, therefore, a
greater resistance. The angular velocity mnust, there-
fore, be greater, as the angle of projection increases,
and rifles intended for long ranges require a sharper
twist than such as are to be used only for more hori-
zontal firing. The circumstances vary so much, and so
little has been done in the way of accurate experiment,
that it would be futile to attempt to lay down any rules
on this point at present; and, moreover, it is a question,
like the effect of the curvature and diurnal rotation of
the earth, which may be safely omitted in calculations
respecting sporting projectiles, as these are all discharged
at such low elevations that it can make no perceptible
difference.

51. It has been shown above that the conditions of
perfection, in a short-range rifle, are very different from
those of a weapon in which range is a main object ;
that, for short ranges, the main thing required is ex-
treme velocity of projection, irrespective of the form of
projectile, while for long ranges we require, first of all,
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to shape the projectile so that it shall meet with the
least possible resistance throughout its flight, giving it,
at the same time, as high a velocity of projection as we
can. I now propose to inquire what mechanical con-
struction in the rifle is most suitable for attaining each
of these objects. In order that this may be understood,
it is necessary to discuss the forces that act in the
interior of the barrel.

52. The present state of our knowledge of the action
of fired gunpowder is most unsatisfactory. From the
nature of the subject, we can only guess at the facts
from observed results; and thus many different theories
have, from time to time, been started, which agree, more
or less, with what is observed in practice. All attempts
to express the actual force of fired gunpowder in figures
have hitherto failed, owing to the infinite variety of
circumstances attending its conversion into gas in diffe-
rent cascs.

53. It appears clear that a charge of powder fired in
a gun barrel is converted into gas in a more or less
minute space of time. Its force of expansion, when the
gas occupies the same space as the powder did—that is,
before the ball has begun to move—has been variously
estimated. Robins calculated it as equal to 1,000 atmo-
spheres ; Hutton at 2,000; and more rccent writers at
upwards of 40,000

54. Be this as it may, being an elastic fluid, it will
follow Marriotte’s law, that its force of expansion will
decrease just in proportion as the space it occupies
increases. It will also, like all such fluids, possess the
greatest force of expansion when its temperature is
highest. It follows that the force of the gas is greatest
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when first fired ; for it then occupies the smallest space,
and is subjected to the most intense heat. It will become
less and less powerful as the bullet passes up the barrel,
for the space occupied increases while the temperature
becomes lower.

55. The period of time required for complete ignition
will vary somewhat according to the quantity of powder
in the charge, and also according to the size of the bore,
the granulation of the powder, &c.

56. In order to deduce accurate theoretical prin-
ciples, therefore, we would require to know—

i. The initial force of inflamed gunpowder, under
all circumstances.

ii. The diminution of temperature due to any
increment of space, or of time.

iii. The diminution of force due to any decrease of
temperature.

And no satisfactory knowledge has yet been attained
of any one of the three !

57. Without, therefore, venturing on any exact cal-
culations, we must endeavour to deal with the subject,
as far as ascertained facts will carry us, in examining
the action of the charge on the projectile and on the rifle.

58. A charge of gunpowder exploded in the chamber
of any barrel exerts an equal force in all directions; on
the sides or walls of the barrel, tending to burst it, if of
insufficient strength ; on the projectile in front ; and on
the gun backwards, tending to cause recoil. A certain
charge of gunpowder is capable of being converted by
ignition. into a certain quantity of expansive gas, or, in
other words, can furnish a certain amount of effective
force. Now, any portion of this force absorbed or
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“used up” in one direction, is just so much deducted
from the total force available in other directions. But
the sides of the barrel can absorb none of this force
unless they burst, for no force can be absorbed without
producing or destroying motion ; the whole effective
power of the gas produced is, therefore, expended on
the projectile and on the breech.

59. Axiom H. Equal forces, acting, under similar
circumstances, on two bodies whose weights are different,
will communicate to them wvelocities inversely proportionate
to their weights.

60. By the above axiom, the velocity communicated
to the projectile would be to the velocity of recoil com-
municated to the gun in inverse proportion to their
weights. Thus, if we desired to give a velocity of
1,600 ft. per second to a 1 oz ball in a rifle weighing
10 lbs., we would have to be prepared for a recoil at the
rate of 10 ft. per second—for

160 oz. : 1 oz. :: 1,600 ft. per sec. : 10 ft. per sec.

But if we used an 8 Ib. rifle with similar charge and
ball, the recoil would be increased to 124 ft. per second
—for

128 : 1 :: 1,600 : 124,

61. In reality, however, the above proportion between
recoil and velocity is liable to a correction—and it is well
for us that it is—on account of the force of the explo-
sion not acting on the projectile and on the barrel under
similar circumstances. W ere either of them immovably
fixed, the other would receive the full force of the
explosion, and the result on that which was free
to move would be as above; that is, if when
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the gun is fixed immopably, the velocity communi-
cated by any charge of powder to the ball were
1,600 ft. per second, on the other hand, if, by any
means, the ball could be fixed and the rifle left free to
move, the velocity it would receive from a similar
charge would be 124 or 10 ft. per second, according as
it weighed 8 or 10 lbs. But this is not the case, for
both the gun and the projectile give way, although in
different degrees. The effect of this yielding in one
direction must be to lessen the force acting in the oppo-
site direction ; just as a person, wishing to push with all
his strength, gets his back, if possible, against a wall or
other support, but if this support gives way his effective
power becomes at once comparatively small. Now,
while the breech of the rifle against which the gas fas
got its back, when trying to move the ball, gives way but
little, and offers a comparatively solid basis against
which to act, on the other hand the projectile, which in
turn takes the place of the wall when the gas is acting
on the breech, is a very treacherous support indeed, and
gives way at once. The consequence is that, in the
former case, the gas acts with almost its full power, and,
in the latter, with that power very much curtailed.

62. This may be explained otherwise, thus :—The
law of impact of perfectly elastic bodies is that the
velocity of restitution is equal to that of impact, minus
the velocity communicated to the object struck. Now,
the gunpowder gas may be considered as possessing
perfect elasticity, and as the velocity it communicates
to the rifle is very much less than that communicated
to the ball, it is evident that the remaining velocity of
that portion of the gas which reacts from the breech on
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the ball, must be higher than that of the portion which
reacts from the ball on the breech. From this, it
appears that the proportion between the velocity of
projection and that of recoil, will not be exactly in the
inverse ratio of the weight of the rifle and the projectile,
but in a ratio somewhat lower.

63. In order. to calculate exactly the amount of
correction dpe’ on this account, we should require
to know the actual velocity of the expansion of fired
gunpowder, and here again we are pulled up by the
total absence of any certain knowledge on the point!
This is, however, of little consequence, as the correc-
tion must be a constant quantity, and leaves untouched
the fact that the velocity of projection, and that of recoil,
depend on the relative weights of the ball and the rifle;
that the heavier the rifle in proportion to the ball, the less
will be the recoil, and the greater the velocity, and wvice
versi—the charge, of course, being the same.

64. Again, by Axiom H, when we use projectiles of
different weights, with the same rifle and charge of
powder, the velocities communicated to them should be
in the inverse ratio of their weights; that is, a 1 oz.
ball should receive four times the velocity of a 4 oz.
one. But this is not found in practice to be the case ;
in point of fact, the velocities communicated to the two
balls would be more nearly as two to oue, that is, in the
inverse ratio of the square roots of their weights. This,
again, seems to be because the force does not act in the
two projectiles under similar circumstances. The heavier
ball will possess a greater vis inertice, and will not give
way at first so rapidly before the expanding gas; the
gas will therefore, from being longer confined, be raised
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to a higher temperature, and become more highly
elastic, and (as we are sapposing the barrel to remain of
the same dimensions) will expand up to the muzzle at
a higher average velocity. The total pressure on the
heavier ball will, therefore, have been greater than on
the lighter, and the initial velocity will be comparatively
greater.

65. This relative gain of velocity with heavier
projectiles must, however, be purchased by a corre-
sponding increase of the ratio of recoil; that is, in the
above supposed case of a 1 oz. or a 4 oz. projectile being
fired out of the same barrel with the same charge, had
the 4 oz. received only one-fourth the velocity of the
1 oz., its recoil would have been only four times as
great, but the increase of pressure required to give
double the velocity must also double the recoil, and
raise it to eight times that of the 1 oz. ball.

66. After all, then, we gain little or nothing by this
property, by which a greater weight to lift seems per se
to increasc the power of the charge; for as the recoil
is also increased, we must reduce the charge till the
recoil again diminishes, and of course the velocity
decreases along with it; so, as the saying is, “it is just
about as long as it is broad.”

67. In the above remarks, we have assumed the
initial pressure of the charge to remain the same, or
in other words, that we have been using one charge of
powder, fired in exactly the same way; but great
differences in these points exist in practice; we must,
thercfore, consider the effect of using different charges,
fired in various ways.

68. By increasing the charge, we increase the

4
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quantity of gas which will be produced on ignition
just in the same proportion. The total pressure on
the projectile, however, is not increased in the same
degree, for the space occupied at first by the increased
volume of gas is larger just in proportion to the in-
crease of charge, and consequently the initial tension of
the gas is no greater in the one case than in the other.

69. It is certain, however, that the total force of an
increased charge of powder must be still more enhanced
by the greater degree of heat developed; as before
explained, however, no accurate information has been
acquired on this point, and we can only guess at the
truth, It is probable that the specific heat of fired
gunpowder is the same without reference to the size
of the charge, when it occupies a larger proportionate
space; and also that the heat of inflamed gases varies
in intensity somewhat in proportion to the space it
occupies. Should this be the case, the calculation of
the increase of force from this cause would be similar
to that in para. 68, regarding the tensions of varying
charges, and a ratio compounded of tic two ratios of
tension by space, and tension by heat, would result in
this that the velocities communicated by different
charges of powder would be nearly as the square roots of
the charges—which, with ordinary charges (up to eight
drachms, or so) has been ascertained to be the case.

70. Again, if we ignite the charge of powder in
barrels of different bores, some variation of effect must
be looked for. In a smaller gauged barrel a very large
charge, from a large portion of it being at a distance
from the point of ignition, will probably take a longer
time to ignite than it would in a wider barrel. The
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projectile may, therefore, have been moved from its seat
before complete ignition takes place, and the tension of
the gas will be less powerful at first starting: but
owing to the inflammation of the rest of the powder
afterwards, and the cubical contents of the barrel being
less for a given length, the pressure in the later stages
of the ball’s passage up the barrel will be considerably
higher.

71. It would follow from this that in narrow gauges,
the action of the charge is more useful towards the
muzzle end than in wide gauges; and, therefore, that
small-bored rifles require longer barrels in proportion to
their bore, than large bored rifles do, in order that the
fullest effect may be obtained from a certain charge of
powder. This is found to be to a great extent the case
in practice. For example, if a charge of three drachms
be used with a small-bored Henry or Whitworth rifle,
it continues to give considerably increased velocity up
to about 36 inches of barrel length; but the same
charge in a smooth-bored ball gun of 12 bore, ceases to
add any considerable degree of velocity at about 26
inches; while, therefore, it is advantageous to have such
long barrels with the former description of weapon, they
are practically useless with large bores, unless the charge
be proportionably increased. 'The granulation of gun-
powder, however, to some extent, modifies these deduc-
tions, which will be considered further on.

72. The manner in which the column of air in the
barrel affects the velocity of projection is a somewhat
intricate subject to deal with. Its amount and varia-
tions for different gauges and lengths of barrel have
not been determined with any accuracy. Like all

4—2
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atmospherical resistance, it will be greater in proportion
as the effort at displaéement is more violent; that is, as
the velocity with which the ball attempts to pass up the
barrel is greater. Ii is probable that, owing to the
inertia of the particles of air—that is, to the fact
that they require a certain time to move out of the
way of the ball—the whole of the column becomes
compressed into a small space at the muzzle, as the
ball rushes up the barrel. But I am of opinion that
the resistance offered from this cause has been very
much overrated. Suppose, as an extreme case, that
the whole of the column gets compressed into the space
of 1 in. before any of it leaves the muzzle ; then, of
course, in a barrel twice as long as another, the air will
be twice as much compressed, and will offer twice as
much resistance. In a barrel of Enfield bore (577 in.),
27 in. long, allowing 2 in. to be occupied by the charge,
there will remain 25 in. of air to be compressed into
the space of 1 in.; the resistance offered, when this is
effected, will be that of twenty-five atmospheres; and
allowing that one atmosphere presses with a force of
15 lbs. on the square inch, and that the area of the
Enfield barrel is *261 square inch, the total resistance
at 1 inch from the muzzle experienced by the ball will
be about 98 lbs. Now the computations of Romins
make the force of exploded gunpowder, when confined
to the space originally occupied, equal to 1,000 atmo-
spheres. Hurron afterwards doubles this; and more
modern researches show that even he estimated it far
short of the real amount. Allowing it to be only =
2,000, however, and suppose, as before, that 1 inch is
occupied by the powder, when the gas created by the
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explosion has expanded so as to fill 25 in. of the
barrel (leaving 1 in. for ball and 1 in. for condensed
air, as before), it will press on the ball with a force of
2990 atmospheres to the square inch, which, on the
area of the Enfield rifle, is equal to a pressure of
313 Ibs. The pressure in front of the ball, therefore,
at 1 in. from the muzzle, is 98 lbs., and in rear of it,
313 Ibs. It must be remembered, however, that this is
the point of maximum pressure in front and minimum in
rear; the powder is then weakest, and the condensed
air strongest; at any other point of the barrel the pre-
ponderance in favour of the propelling force would be
infinitely greater. By similar calculations to the above,
counting the pressurcs at each inch along the barrel, it
will be found that the total sum of the pressures in
front is cqual to ninety-six atmospheres, or, in the
Enfield barrel, 375 lbs.; while the sum of the pressures
in rear has, during the same time, been 7,538 atmo-
spheres, or 21,505 lbs.! At the highest computation,
therefore, the velocity of the ball in a barrel of this
length is diminished by the resistance of the air in the
barrel less than 2 per cent. It is evident, however, that
with every increase in the length of barrel the per-
centage will be increased in a greatly enhanced ratio;
and from this cause it is that every inch in the length of
barrels becomes rapidly more and more useless as its
distance from the breech increases, and long barrels are
not found to shoot better than short ones in proportion
to their lengths.

73. Fine-grained powder will produce a greater
amount of resistance of this sort than coarse; for it will
drive the ball with greater velocity up the barrel at first,
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and will give the column less time to escape at the muzzle ;
but in no case can it be supposed that the resistance can
be greater than in the above supposed case, viz., the
whole column being compressed into one inch at the
muzzle. In all probability this only occurs with the finest
electric gunpowder, and with the ordinary rifle powder
the compression does not take place to any such extent.
I see no reason to suppose that the calibre of the barrel
should affect the amount of this resistance, provided
the pressure of the powder to the square inch remains
the same.

74. From the considerations mentioned in para-
graphs 71 and 73, it is evident that for a certain calibre
a great length of barrel will require larger-grained
slower-burning powder than a shorter barrel. I see no
reason to suppose, however, that a larger calibre should
require larger-grained powder, unless the increase of
gauge be accompanied by a corresponding increase of
length.

75. Friction. — The facility with which the ball
passes up the barrel will be affected to a considerable
extent by the amount of friction between it and the
sides of the barrel. Friction depends on the roughness
and extent of the surfaces in contact, and on the force
with which they are pressed together. Hence the
necessity for the most perfect polish in the interior of
gun-barrels. An elongated projectile which has a
large surface in contact with the barrel will suffer more
from friction than a sphere, which touches only in its
periphery ; also, an expanding conical ball, which is
pressed forcibly by expansion against the barrel through-
out, will be very much more retarded by friction than
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a sphere, or than a hard mechanically fitted bolt, which
cannot expand. Lubrication by oily substances lessens
friction very greatly.

76. The Rifle Twist.—It has been seen that different
projectiles require different degrees of rotatory motion
to keep them point foremost (par. 42). This entails a
change in the angle at which the rifle grooves, by means
of which the rotation is communicated, are cut.

77. The way in which different degrees of spiral in
the grooving affect the above laid down principles of
velocity and recoil is best explained by reference to the
accompanying diagram (Fig. 3, Plate I). It represents
a barrel cut open along its length and rolled out flat,
when of course the angle of inclination in the grooves
would remain the same. Two different degrees of spiral
are here represented. The length of the barrel A D
being 26 in., we have in one case the groove A B
making a quarter turn in that length, which is equal to
a whole turn in 8 ft. 8 in.; while the groove A C makes
a whole turn in the length of barrel, or in 2 ft. 2 in.
It is evident that these are nothing more or less than
two inclined planes, up which the ball has to be driven
by the charge, instead of moving along the level A D,
as it would do were the barrel a smooth bore. Now
the force required to drive a given weight of ball at a
given velocity up the lesser gradient A B, will evidently
be much less than that required for the samme purpose
when the gradient is four times as steep; and if the
same force be available in both cases, the rate at which
it will move the ball up A B will be greater than the
rate it will accomplish on A C. Rolling up our dis-
sected barrel into a cylinder again, let us see how this
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affects our principle of velocity and recoil. It is pre-
cisely the same as if we added something to the weight
of the ball, or deducted it from that of the rifle; it alters
the ratio of work to be done forwards and backwards by
the charge; and thus it is that any increased sharpness
of twist in the grooves lessens the velocity of projection
and adds to the recoil.

78. Various other results arise from this increased
sharpness in the rifling of barrels, which, however, will
find a more suitable place farther on.



CHAPTER IIL
SPORTING WEAPONS.—SELECTION OF A RIFLE.

79. In the last chapter the theoretical principles of
gunnery, as applicable to our subject, have been set
forth ; we now proceed to apply these principles to the
examination of the various systems of fire-arms now
before the world, with a view to determining their
several advantages and disadvantages for sporting
purposes. .

80. Tue SmooTH BoRE is the simplest and oldest
form of gun now remaining in use. It consists simply
of a cylindrical tube, closed at one end, and loaded
with a plain spherical ball. In this weapon, if it be
truly bored, and scientifically constructed, as regards
length, weight, &c., friction is at a minimum, the
velocity of the projectile is the highest, and the recoil is
least of all possible guns of similar dimensions.

81. In considering the effect of modifying this
simple arm, it is necessary to adopt some standard of
reference with which all may be compared ; this must be
that of weight, which is the only element in the sporting
rifle that may be considered constant and unalterable
for any particular person. Let us suppose a person
capable of carrying—or, in sporting phrase, “ up to ”—
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9 lbs., then that must be the extreme weight of his®
rifle; and the question is, how to make the best use of
this weight, by getting the most useful and powerful
weapon consistent with the weight allowed. The recoil
is the test. Any rifle whose recoil is not excessive, and
weight not exceeding 9 lbs., may be used; there are
multitudes of such—which shall we use? Of course,
that with which we can shoot best, and which has most
effect on game. We must take some particular gun,
charge, and projectile as a standard, whose recoil at
9 lbs. weight is not excessive. This will vary some-
what according to the shooter, for some men by their
position in shooting counteract the recoil more than
others, and feel it less. Theory, however, is inadequate
for this purpose, and we must consult experience. It
is well known that a 12 gauge smooth-bore, with 3 drs.
powder and 1} oz. of shot, should not recoil excessively
at 73 Ibs. weight; and by repeated experiments, firing
many shots a day, I have found that a smooth cylin- §
drically bored gun, 2 ft. 6 in. in the barrel, 14 gauge;
9 lbs. weight, loaded with a No. 15 spherical ball and
patch, and 4 drachms of Hall’s No. 2 rifle powder, has a
sufficiently moderate recoil for all practical purposes.
82. The smooth bore is still universally used by all
uncivilized nations who are acquainted with the use of
fire-arms, such as the native hunters of India who use
the smooth-bored matchlock. Their weapon is gene-
rally very long in the barrel, and therefore suited to the
coarse-grained, slow-burning powder which they use. It
is a most extraordinary fact, that these people generally
kill whatever they fire at with a single shot; while
European sportsmen, using the best modern rifles, very
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seldom indeed succeed in doing so with any of the large
kinds of game. One reafon for this may be the calm
and catlike nature of the native, who waits till his game
approaches within certain distance; but the chiég cause
I take to be the vastly superior penetrating power of
their weapons, owing to the enormous velocity gene-
rated in such long barrels with a heavy charge of suit-
able powder. The gauge is, generally, from 12 to 16,
and the charge from siz ¢o nine draclmg: the recoil is
violent, but it is not altogether received on the shoulder,
as the stock is made to slip off beneath the arm én
firing. These people admit the vastly superior accuracy
of our rifles, but scorn their miserable game-killing
power. Many European sportsmen still prefer for
shooting dangerous game the plain smooth-hored gun;
nay, I think I am justified in saying that the vast
majority of sportsmen in India have, at this very
moment, in the year of grace 1866, a pet old double
gun which they would prefer to any rifle they ever fired
for a close-quarter shot—say under 30 yards! They
say they can’t Zit with the rifle so well as with the
smooth-bore, although most of them admit the superior
accuracy of the rifle. Few, however, comprehend why
it is that they can hit better with the one than with
the other, and this I will endeavour to explain. Few
sportsmen ever think of using any weapon of less gauge
than 16 against dangerous game. :Now an ounce
spherical ball admits of being put into a higher velocity
in a plain barrel of this gauge than any elongated pro-
jectile whatever in a rifled barrel does: and conse-
quently, so long as its velocity remains superior, it will,
as before explained, require a less amount of elevation
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than the rifle. The 14 smooth bore, for instance, men-
tioned above, will describe during the first hundred
yards of its flight a curve, of which the greatest height
above the line of aim would be about 3 inches, and its
trajectory up to 60 yards would not rise above 1 inch.
The sportsman, therefore, with such a weapon, has
positively no allowance whatever to make at any
distance under 70 or 75 yards; for an inch one way or
other to make any difference, the shooting must be
very fine indeed. He would, therefore, hit everything
he fairly covered up to that distance, so far as elevation
is concerned. Not so with the »ifle of similar gauge as
generally made. An Enfield-shaped hball, for instance,
with such a charge as could be used with it, would rise
fully 6 inches in its 60 yards trajectory; and this rise
would take place at about 30 yards from the muzzle.
To hit, then, the brain of an animal at that distance, the
sportsman would require to aim 6 inches below it; with
the smooth-bore he would aim ot it, but if he did so
with the rifle he would miss it altogether.

83. So also in the allowance to be made when firing
at running animals—the smooth-bore bullet, moving at
a great velocity, requires to be directed but little ahead
of the part to be hit, while the slow-going rifle ball
requires a large allowance. For example, suppose an
antelope crossing at 100 yards, at a speed of 18 miles
an hour (nothing uncommon), the smooth-bore with
a velocity of 2,000 ft. per second would require an
allowance of 3% ft., or one length, to be made; whereas
such a rifle as that supposed would require an allow-
ance of 9 ft., or nearly three lengths, at least. This
may account to many sportsmen for some ¢ unac-
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scountable misses” they have perpetrated when using
such rifles.

84. Although the smooth-bore has this great advan-
tage over the elongated-ball rifle, it is universally
admitted, and cannot be denied, that, at anything
beyond the very shortest distances, accuracy of shooting
cannot be got out of it. I do not think that even the
best smooth-bore can be depended on for accurate
shooting further than about 40 yards, or perhaps 50, if
bored a true cylinder, as very few shot-guns are.* The
elevation given to ordinary smooth-bores, being cal-
culated for the droop of the shot charge at 40 yards, is,
invariably, too great for the ball with large charge at
that distance. A gun purposely made for ball shooting
would require far less elevation to be given to the rib,
sufficient only in fact to carry the ball up to 50 or 60
yards with a large charge; but this again would not
be sufficient for the shot, which is another proof that
no gun can be made equally perfect for any two methods
of loading. Ball guns, smooth in the bore, are still, as
I said above, in general use all over India. They are
found to carry nearly far enough for practical purposes
in jungle shooting, and they certainly kill, if they hit,
much better than the generality of rifles. This is
simply owing to the careclessness or prejudice that has
hitherto prevailed amongst the makers of sporting rifles

* This statement is liable to a correction in the case of breech-
loaders. In a cylindrically-bored breech-loader the accurate range is
much more than 50 yards, owing, I belicve, to the accuracy of fit
secured. I have lately made some wonderful shooting with a “lockfast
breech-loading smooth-bore, killing, in one case, two tigers, right and
left, in motion, at 80 and 170 yards. The gun was made only for ball
shooting.
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in England. If a rifle were offered to the many good *
sportsmen who now prefer the smooth-bore, combining
with the largeness of gauge and low trajectory of the
smooth-bore, the accuracy of the rifle principle up to
sporting distances, many, if not all, of them would
doubtless take to it at once; but such a thing is not to
be had from an English maker. If large enough in the
bore, it is certain to take enormous elevation at short
distances (just where we want to use it), and so baulk the
sportsman in his shooting; and if right in the matter
of elevation, it will to a certainty be so small in the
gauge as to be hardly big enough to “pot cats with.” *
My chief object in writing these pages is to point out to
the sportsman how he may get such a rifle, if he has
courage enough to disabuse his mind of all prejudice.
85. SerericaL Barn RirLes.—The first alteration
effected on the smooth-bore was the application of the
rifle principle to it, which, as we may fancy, was not
done in the most scientific manner at first. If any one
who possesses a set of the Indian Sporting Review will
turn to vol. xv. No. 29, he will there find an article
entitled (in the hybrid language which writers on
Indian sports think so attractive), ©The Philosophy
of Shikar,” and signed ¢ Jack Furlough,” in which the
writer propounds the science of gunnery applied to
sporting rifles, as understood by himself; and as, with
the exception of one self-evidently absurd statement,
his positions remained uncontested, we are bound to
believe that, in those days, such was the universal state

* T have left this passage as it stood in the first edition ; but I must
say that many gunmakers now know very well what is required in the
Sporting Rifle.
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-of ignorance on such subjects among Anglo-Indian
sportsmen, who were certainly not behind the rest of the
world in that sort of kmowledge. The article will,
doubtless, furnish a vast fund of amusement when read
by the light of modern science; for, although Jack
was in the main right as regards his facts about the
rifles of the day, his reasons for the same, and the
deductions he draws from them, are truly most absurd
and unaccountable even in that age of Cimmerian
darkness.

86. Of a verity, the rifles of a former race of sports-
men were the most unscientific machines it is possible
to conceive in an enlightened age (except, perhaps,
some rmodern ones which are as bad, or worse). ILivery
accumulation of obstructions it was possible to throw
in the way of their doing their work properly was
heaped upon them by their makers; and in the blind-
fold attempts made at improvement, gunmakers and
sportsmen only succeeded in plunging deeper and
deeper into the mist. Let us see what they were.—
First, there was the polygroove rifle, that is, a rifle
having any number of grooves more than two, used
with a spherical ball several sizes too large to enter
the muzzle, which, with the addition of a patch, was
hammered in by a mallet and driven home by heavy
blows of a rod :—what its shape must have been when
it came out again may be imagined better than
describeds But owing to the sharp rate of spiral
given to the rifling, this tight fitting was absolutely
necessary in order to avoid “stripping.” The twist
varied from a turn in 3 ft. to a turn in 4} ft. of barrel,
and, as may be imagined, the charge it would admit of,
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retaining its accuracy as a rifle, was ridiculously dis- -
proportionate to the weight of the ball. It cannot be

denied that considerable accuracy of flight was attain-

able by this rifle, with small charges and great elevation,

and at standing shots of course considerable execution

might be done by a perfect judge of distance, when time

was allowed for the necessary calculations; but the

effect of the ball, so used, was very insignificant on the

large and powerful beasts of chase. If a large charge

of powder was employed to give greater power, * strip-

ping” was the result, followed of course by great

inaccuracy of flight—reducing the rifle, in fact, to an

imperfect smooth-bore. ~Well, to remedy this, some

long-headed individual introduced the two-grooved

rifle with a belted ball, and ultimately four grooves with

a double belt were adopted. A greater hold on the

grooves was thus obtained, and a larger charge of
powder could be employed, retaining the advantage of
the rifle principle; but, instead of leaving the rate of
spiral 'in the grooves as it was, in which case some

small advantage might have been obtained, it was

increased till it ran as high as a whole turn in 2 ft.

of barrel ! — creating thus an enormous amount of
additional friction in the passage of the  ragged”

bullet both through the barrel and through the air, and

cancelling altogether the advantage of the increased

propelling power. The result was, that the new rifle

was found to possess very little, if any, advansage over

the polygroove; and their respective merits remained a

bone of contention till the inventions of Minié and Jacab

turned every one’s attention in a new direction, and all

attempts to improve the old weapons were abandoned.
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87. But it may be said, that the sportsmen of that
day killed a vast deal of large game of all descriptions
with these weapons, and, in fact, made bags seldom
equalled, and never surpassed by more modern Nimrods.
True, and why? Because they soon discovered the
inefficiency of their rifles if loaded with the regulated
small charge, and systematically overloaded them when
shooting heavy game; preferring thus to sacrifice
accuracy to force, and reducing the rifle, as I said
before, to the state of an imperfect smooth-bore—that
is, if they did not abandon the rifle altogether, and
adopt the smooth-bore as being the best weapon, in
their battery, which was certainly, under the circum-
stances, the wise thing to do. By this system, they also
secured a flatter trajectory at short distances, got close
to their game, held straight, and bagged by the pure
driving force of the ball at such short distances that
the violence done to the rifle principle had not time
to affect much the accuracy of flight.

88. Now, why were all these disadvantages found t¢
attend the use of the rifle with the plain spherical ball ?
Simply because a rate of spiral was adopted utterly
inconsistent with its use, and necessitating deep grooves,
tight bullets, and much hammering to get them home.
A less turn than 1 in 4 ft.'was hardly ever given to
rifles in those days, and the miserable smallness of the
charge was in proportion. A Purdey rifle I once
possessed, 13 bore, with a turn in 8 ft. 6 in., invariably
stripped if I gave it the least thing more than 1%
drachms :—with that charge, it shot splendidly, but the
elevation was excessive, the rise in its 100 yards trajec-
tory being about 11 inches, rendering it utterly useless

5
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and absurd for sporting purposes, that is, for shooting
game in'the field. ‘

89. How strikingly these sharp spirals absorb the
force of large charges of powder, I had an excellent
opportunity of noting in the field some time ago, when
shooting buffaloes with a friend in the Sumbhulpore
country. He used a powerful-looking 8-gauge 4-
grooved rifle; a savage bull charged us, and when
within a few paces of my friend, he fired this pocket
cannon loaded with a double-belted ball and 5 drachms of
powder in his face, and the next moment was sent
flying by the bull! We found afterwards that the ball
had struck him below the eye, and stuck there within
about a couple of inches of the skin,—and all because
the gun was rifled at the preposterous rate, for a rifle of
that sort, of 1 turn in 20 inches !

90. About the year 1841, I think, Mr. Kennedy,
gunmaker, Kilmarnock, made an improvement in
spherical ball rifles, by reducing the spiral from the
established rates to 1 turn in 10 or 11 ft., which he
found to be perfectly sufficient for sporting distances.
He was patronized by a good many sportsmen, parti-
cularly in India; but he was unable to grasp the whole
advantages resulting from this reduction of the spiral,
and failed to facilitate the loading by shallowing the
grooves and giving the ball an easier fit, or to secure a
flat trajectory and great penetration, by using heavy
charges. In these respects his rifles were almost as
defective as any others, and on this account could not
hold their own when the invention of the easy loading
expansive bullet took place; they never, therefore,
came into any very general use, and were, in the wild
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impulse of the new invention, consigned with every-
thing « spherical ” to oblivion. .

91. The idea of thus reducing the spiral of spherical
ball rifles is a very old one, as the following passage
from Johnson’s Sportsman’s Cyclopedia, published in
1881, will show :—

“It has always been considered that three-quarters or a
whole turn in the angle of a rifle in a barrel 3 ft. in length,
was the best for throwing a ball to a certainty. This mode of
rifling is practised by the Germans, French, Americans, and
all the foreign rifles that I have ever yet seen, are rifled
according to that principle; and several English gunmakers
are firmly of opinion that one turn in 4 ft. is the best angle
possible. With these angles of rifle I never could fire at a
long range to any degree of certainty. If I apportioned the
powder to make it range at 300 yards, I found the ball go
very random, and from this I judged that the balls tripped
over the top of the rifle, which caused it to fire as random as
a common musket. In order to find out the cause of this
evil, I rifled a barrel one turn in 4 ft.; and on trial found that
the nearer I came to the straight line, the more true and
further I could range. I then cut it to 1 ft. } turn, and found
I could fire more true at a shorter distance than I could
when more angle in the rifle. From this conviction I made a
barrel 2 ft. 6 in., and rifled in } turn. The experiments suc-
ceeded to my most sanguine expectation. I was perfectly
satisfied that I could range further, and more true, than in
any previous trial, and with less elevation.”®

92. About this time also, or a little later, the rifle-
men of the English and some of the Continental armies,
were armed with spherical ball rifles, rifled at the rate

* Qur writer seems rather illogical here, and his conclusion some-
what of a non sequitur, but perhaps he only expresses his meaning badly.

b—2
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of a turn in 10 or 12 feet; but, as might be expected,
they were not found to answer for military purposes,
where an accurate long range is looked for. Although
found to be equal in accuracy at short distances, they
were surpassed in that respect by rifles with a sharper
twist at longer distances. In fact no small sphere can
be projected with accuracy to very long distances; for
it must either have a sharp spiral, and then the velocity
is insufficient, or it must have a slow twist, which will
be insufficient to keep its axis steady at long ranges, and
high elevations.

93. I have found that a 14 gauge barrel rifled at
the rate of one turn in 8 ft, 8 in., if correctly made, will
throw a plain spherical ball with sufficient accuracy for
all practical purposes up to 200 or 250 yards. A rifle
on this principle requires the grooves to be cut very
shallow and broad, and the lands very narrow, almost
knife-edged ; the ball should just touch the lands, and
no more, and the hold on the grooves is given by avery
substantial patch; the loading, if the ball is properly
fitted, is most easy, and no rifle that I am acquainted
with fouls so little. The ball will never strip, whatever
charge you use, with so little twist in the grooves; and
balls of any degree of hardness may be used. Referring
this rifle to the standard above adopted, if of the same
dimensions and weight of ball, the velocity ought to be
a little reduced, and the recoil increased on account of
the rifling, but this occurs in so slight a degree as to be
almost inappreciable. The elevations for 60 and 100
yards are nearly the same as in the smooth-bore, with
the same charge; perhaps the ball rises about § inch
more in the hundred yards’ trajectory. That the accu-
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racy of such a rifle is ample at sporting distances, the
following fact will show :—I am in the habit of deter-
mining the trajectories of my rifles by placing screens of
fine paper just above the line of aim, and accurately
levelled (the method of doing this will be afterwards
explained); and on several successive occasions, the
bullets of such a rifle, when firing at 100 yards, passed
through the same holes in the three successive screens.
The heights of its trajectory (a 14-gauge) were at
25 yards, 1 in.; at 50 yards, 2§ in.; at 75 yards,
2% in., and on the line at 100. The point blank of
this rifle with 3 drachms is about 60 yards; with
4 drachms, about 85 yards; with 5 drachms, 100 yards.
The only effect of increasing the charge was to lessen
the elevation, and make the rifle hit harder ; the recoil,
of course, increased in proportion. It is of great im-
portance that the sporting rifle should admit of varying
charges without aflecting its accuracy to any serious
extent. This is the case with the spherical ball rifle as
properly constructed, but with no other that I am
acquainted with. The only effect increase of charge
has on this rifle is to make the point-blank range some-
what longer, and to make the rifle hit harder; the
accuracy remains unimpaired. If it be a double barrel,
and it shoot true with the ordinary charge, an increase
will have a slight effect on the shooting of the barrels,
making each diverge slightly to its own side. As such
animals are always shot at short distances, this will hardly
be perceptible ; but some error of this description is un-
avoidable with double rifles used with varying charges.
94. I have said that this system of spherical ball
rifles never obtained much ground previously to the intro-
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duction of the new and wonderful conical ball systems,
and that it was lost sight of on their invention; let us
see what these are, and how they have affected the
SrortiNg Rirre.

95. The gradual development of scientific know-
ledge, and the utter unsuitableness of the spherical ball
rifle, as then made, for military purposes, sharpened the
wits of inventors, and at last they stumbled on the truth
that accurate long range is only to be got by using
elongated projectiles. These could, of course, be used
only in a riffe of some sort, as any but the spherical
ball in a smooth bore must fly with the utmost irregu-
larity. For a long time after their introduction, conical
balls continued to be used in barrels of equally large
gauge as the spherical ball. The Minié rifle, as first
used in our army, was nothing but a regulation musket
rifled. Had things remained at this stage, but little
improvement would have been gained; but gradually
it was found that in order to obtain a sufficient initial
velocity the gauge must be reduced as the ball becomes
elongated, so as to keep the weight of the mass to be
projected the same.

96. I have stated that a smooth-bore, 9 lbs. weight,
with 30-inch barrels, 14 gauge, loaded with a spherical
No. 15 ball, and 4 drachms of powder, gives a moderate
recoil. If now we rednce the gauge, retaining the
weight of ball in a conical shape, and apply the neces-
sary rifling, we have the same weight to be lifted; but
in addition we have extra friction of the ball against the
barrel (75), and we have to lift the weight up an inclined
plane instead of on level ground, on account of the
rifling (77); but, using the same charge of powder, the
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effective power is the same, and it will therefore give
less velocity and more recoil in the smaller gauge than
in the No. 14.

97. Again, retaining the gauge, and using a heavier
ball than the sphere, which must, therefore, be an
elongated one, we have a greater weight to be lifted,
greater friction (75), and the resistance due to the
rifling (77) to be overcome ; the velocity will therefore
be much reduced when the same charge is used, and
the recoil will be increased in proportion (64).

98. It has been shown above (42) that the longer
the projectile is the greater will be the degree of
rotation required to keep it point foremost to its true
line of flight without upsetting or vibration. This
necessitates that a greater degree of spiral be given to
the rifling of the barrel; and on the effects of this I
have a few words to say.

99. On a line of railway, a sharp curve is more
liable to causc a train in motion to fly off the rails than
a curve of greater radius, and this has to be coun-
teracted somehow or other. It may be done in one of
two ways, or by combining the two—either by lessening
the speed of the train in proportion as the curve is
sharper, or by giving the wheels a greater hold on the
rail, by depressing the inner or raising the outer rail, so
as to counteract the centrifugal tendency of the train.
Just so in a rifle barrel; the sharper the rate of spiral
the greater the tendency of the ball to fly from the
grooves and go straight, instead of following the curve.
When it does so it is technically called « stripping,” and
is, of course, fatal to all accuracy of flight. This ten-
dency, like that of the train, can also be counteracted
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in the same two ways, namely, by reducing the velocity,
or by giving the ball a greater hold on the grooves; or
by a combination of both. Any of these methods may
be adopted as may suit any particular case. In modern
small-bored rifles, where a greatly elongated projectile
is used, our inventors obviate the danger of its stripping
from the sharp curve of the grooves, partly by starting
it with only a moderate velocity, and partly by increas-
ing the hold between the ball and the barrel, by giving
a large bearing surface to resist displacement.

100. In truth, the whole of the wonderful success
attained in modern long-range rifle making is due to the
recognition of these three great principles, which have
been above, I hope, intelligibly set forth. Let me here
recapitulate them in their order of consequence :—

i. Of two projectiles, equal in weight and started
with equal velocities, that which is the more elongated
(or of smaller gauge) will range the farther.

ii. But the more elongated of the two will require
to rotate faster than the other, and will, therefore, have
to be fired from a rifle with a greater degree of spiral
in the grooving. This renders it more liable to “ strip.”

iii. Therefore, the longer of the two projectiles will
require to have a greater hold on the grooves than the
other.

101. These are the three great principles, each
depending on the preceding one, that have been so
slowly developed, step by step, until it alnost seems as
if perfection were attained in long-range rifles. But
here I must pause to “render unto Cesar the things
that are Cesar’s.” Whose was the mind that first
grasped in their entirety these great principles, and, at
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great expense of time, trouble, and cash, developed
them and gave them a local habitation and a name in
the rifle, which, although overlooked in favour of the
more finished productions of recent inventors (?), yet
bears his name? None but our own General Jacob, to
whom be all the honour—but an empty recompence for
such a discovery; for, while others are now reaping
fortunes from patented copies of the general's model,
and Government but recently paid some 20,000 for
the re-invention of the principles established by him
years before, and freely offered to the nation at the time,
I believe the inventor was never repaid a farthing of
the large sums expended in his gunnery experiments.
There can be no doubt, that the science of gunnery
received more advancement from his experiments and
publications than from the efforts of any other indi-
vidual in modern times; for it is patent to all who care-
fully examine the subject, that his rifle contains every
principle of the best weapons of the present day—the
chief difference between them being mechanical, in
the details of construction, or in the extension of the
principles then established.

102. It is to the manner of carrying out the third
great principle above laid down (effecting a greater
hold on the grooves), without creating more additional
friction and other inconveniences than may be absolutely
unavoidable, that our inventors are now chiefly directing
their efforts ; and doubtless some improvement yet
remains to be effected in this particular. It is doubt-
ful, however, whether the two former principles have
not been stretched to their very utmost limits in the
Whitworth, the Henry, and other small-bored rifles. Tt
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must be remembered that every reduction of gauge and
the necessary consequences give rise to many disadvan-
tages, some of which, such as increased friction and
recoil, have been explained in the last chapter. The
following is another :—

103. In order to give the projectile an equal initial
velocity, its weight being the same, an equal (or greater)
charge of powder must be used in the reduced bore.
This charge will give rise to a certain amount of resi-
duum or deposit on the interior of the barrel ; but in the
smaller bore there is a much smaller surface available
for the reception of this deposit; it will, therefore, lie
thicker, after a certain number of shots, in the smaller
than in the larger bore; or, in other words, the smaller
bore will foul quicker than the larger. In addition to
this, the grooves of the former being deeper or more
angular than those of the latter, are less susceptible of
“ wiping out,” or of lubrication being applied with the
bullet in loading, and the ratio of increased fouling is
greater on this account.

104. The small gauge barrel, with its sharp twist, is
also far more subject to « leading,” that is, to having the
grooves choked up by particles of lead cut from the
projectile ; any one who has used our modern * small-
bores ” will know the inconveniences of this, From
this arises the necessity of enveloping the projectiles
used with them in a coating of waxed parchment.

105. There is a very common, but mistaken, notion
prevalent amongst sportsmen, and held even by some
gunmakers who should know better ; namely, that by
reducing the gauge of a rifle, retaining the same weight
of ball and charge, the weight of the rifle may also be
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reduced. True, if safety only is considered, it may, for
a much lighter barrel of 50 gauge will be equal to the
same pressure as one of 25; but if safety only be con-
sidered, the weight of all rifles might be greatly reduced,
for all are made much heavier, in order to counteract
recoil, than is necessary on that score. Whether the
bore preferred be 12 or 24, or 50, so loug as the same
weight of ball and charge is retained, the rifle must be
of at least equal weight in all three cases. 1 say ¢ at
least,” because owing to the additional causes of recoil
mentioned above (para. 96) as attending any reduction
of gauge, in practice a greater weight of metal is found
necessary in the small than in the large gauge, in order
to secure the same freedom from recoil,and pleasantness
of shooting.

106. There is nothing more common than to see a
sporting rifle fitted up with several different bullet
moulds for projectiles of different shapes and weights—
say a spherical, a hollow based cone of two diameters, and
a solid cone of three. It is needless to repeat that the
rifling, if perfectly suited to any one of these, must be
quite unfitted for the use of either of the others. True
science in gunnery consists in adapting the barrel, the
charge, and the projectile to each other, and the whole
to the work to be done; and nothing causes more mys-
tification and bad shooting among sportsmen, than the
practice of ignorant gunmakers sending out their rifles
fitted with a number of bullet-moulds of all shapes and
sizes ; no intimation being generally given as to which
the rifle is made and sighted to shoot. I am bound to
confess, however, that this i3 very often the sportsman’s
own fault, who insists on having a rifle to shoot all sorts
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of balls, and gets a mongrel weapon that does shoot
them all, but none of them well.

107. CowicAL-BALL RirLEs may be divided into two
great classes—the expansive, and the mechanically-fitted ;
meaning thereby those in which the rifling is effected by
the expansion of the lead into the grooves on firing, and
those in which the ball is fitted into the grooves previous
to firing. All conical balls, if long enough and of
pure lead, expand more or less on firing, owing to the
resistance of the posterior atoms of lead being overcome
before that of the anterior, whereby the projectile is
shortened up in the direction of its length and expanded
in that of its breadth, that is, into the grooves; but, in
the first class, the bullet depends on this expansion for
its hold on the grooves, and in the second it does not.
The purest lead is necessary in all rifles of the first class,
as well as the utmost regularity of outward form and
homogeneousness of material. It is on this account,
that bullets forined by compression are found so superior
to those cast in the ordinary way ; and the least admix-
ture of any other metal, irregularity of surface, or flaw
in the casting, is fatal to their accuracy. Itwas thought,
on the first introduction of this principle, that a very
loose fit might be given to the bullet without any sacri-
fice of accuracy. This was subsequently found to be
a mistake on the following account :—If the bullet fit
8o loosely that its longest axis be not perfectly coincident
with the axis of the piece—and a very slight amount of
windage may cause this—the expansion does mot take
place equally on all sides of the axis of the ball, and the
greatest inaccuracy of flight is the result. Even expan-
sive bullets, therefore, require to be most accurately
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fitted to the bore; and hence, in such rifles, either
extreme accuracy, or the boasted facility of loading,
must be to some extent sacrificed. It is now universally
admitted, that bullets which have to depend entirely on
expansion for their hold on the grooves, if of so loose a
fit as is essential to quick loading, have little to boast of
in the matter of accuracy. How small an amount of
windage is allowable, the following passage, extracted
from a leader in The Field, on the results of the second
great Wimbledon meeting, will suffice to show :—

“ Either there must be (as decided on by two Government
commissioners) a difference of 27-thousandths of an inch
between the barrel and the ball, or loading becomes impos-
sible after a few rounds. But if there is this difference, the
accuracy of shooting is sacrificed, as was exemplified both in
the Whitworths and the Enfields used at Wimbledon, and the
makers of the muzzle-loading rifle for military purposes are
therefore between the two horns of a serious dilemma.”

108. Expansive bullets may, or may not, have a cup
or hollow at the base. The theory of the expansion
being effected by dilatation of the cup is long ago
exploded ; although, owing to the sides of the posterior
part of the bullet being thereby weakened in the
direction of its length, a bullet so hollowed will doubt-
less expand with a less charge of powder than a solid
based one.

109. Another equally antiquated theory, by which
the expansion of projectiles used to be accounted for, is
that it is effected by the air in front, and the powder in
rear, crushing up the bullet between them; now it has
been shown before (72), that the compression of the air
in front can never give rise to any such resistance as is
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here supposed, unless indeed it be held that the expansion
does not take place until the bullet is near the muzzle.
But this idea cannot be entertained, for independently
of the difficulty the grooves would have in laying hold
of the bullet in full career, it is a fact that short barrelled
pistols cn this system act as well as the long Enfield.
The real cause of this crushing up, or expansion, must
be that for the moment its vis inertie is greater than
the tenacity of its material, and the latter gives way
before the projectile has time to move; and I hold that
the expansion takes place at or near the place where the
ball lies in the barrel. That this is the true theory, is
shown by the fact that by increasing the length of a ball,
and therefore its vis inertie indefinitely, metal of any
degree of hardness may be used, and yet expansion be
effected.

110. Another idea, now given up in most quarters,
is, tHat the force of the gunpowder is greater on
expansive bullets than on those which do not expand,
owing to the destruction of windage. Such would be
the case were the latter so loose as to admit of any
escape by windage, but this should never be. No one
will doubt, that Whitworth’s hardened bolts, which are
mechanically fitted to the grooves and cannot expand,
receive an impulse from the charge equal to that com-
municated to any expansive projectile; and so it is, or
ought to be, with all bullets, in all barrels. If the ball
with its patch, or other covering, completely fill the bore
and the grooves, what more can expansion effect?
Expanding bullets, whether mechanically fitted or not,
create enormous additional friction against the sides of
the barrel. A spherical bullet, which does not expand,
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or any hardened bullet, such as Whitworth’s bolt, has
merely the friction due to the original fit—that is, the
same it experienced in going down the barrel—to con-
tend with in coming out again; but any bullet that
expands before the powder, presses with greatly increased
force against the sides of the barrel, and experiences
increased friction in proportion to such pressure, all the
way from the breech to the muzazle.

111. All expansive bullets have one charge of one
kind of powder, with which they are found to act best.
No one who has not extensively experimented with such
bullets, can imagine the wonderful irregularity of
shooting that takes place on slightly increasing or
diminishing the charge.

112. It is well known that large-grained powder
and long barrels are found to give the best results with
expansive bullets. The remarks made in Chapter Il
on the action of gunpowder will furnish the *reason
why ;” fine-grained powder acts too instantaneously,
and forces the bullet forward with such extreme velo-
city, that, although expansion takes place, it has not
time to settle properly into the grooves, and total or
partial ¢ stripping ” is the result. Coarse-grained
powder, again, expands the bullet as effectually, but
permits it to settle into the grooves at the breech before
extreme velocity is created. In the former case, the
bullet will be found marked all over with the grooves,
but in no place regularly, so as to show that it had at
any time succeeded in laying hold.

113. The type of the expansive system of rifles is
the Enfield. It is made of all gauges for sporting pur-
poses, the bullet being slightly modified as the taste of
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the maker dictates. If we refer this to our standard,
the smooth-bored gun, we may have bullets of very
different weights, all such as may be fired from a
9-lb. rifle. If we retain the weight of lead, we must
reduce the gauge to about 25 instead of 14, and
thus sacrifice striking surface. This is the gauge
adopted by Government, and the Enfield rifle is now
so well known that it would be superfluous to enter
into any description. I shall, therefore, only examine a
few of its points as a sporting rifle. The largest charge
that can be used is 2} drachms of Government powder,
and sbout 2 drachms of ordinary rifle powder will be
found to give as much recoil in a 9-lb. sporting rifle as
is pleasant. The initial velocity of the ball is, therefore,
very much inferior to that of the No. 14 smooth bore, or
spherical ball rifle; so low, in fact, that the bullet falls
15 in. in the first 100 yards of its flight!

114. Its trajectory at sporting distances is propor-
tionately high. I give it below for 100 yards:—

Distance from the muzzle ... 50 75 100 yards.

Height of the trajectory, ininches... 9 6% 0

Comparing this with the 100 yards’ trajectory of the
spherical ball rifle (paragraph 93), it will be seen that,
for sporting purposes, the latter is vastly superior in
this respect; indeed, owing to the immense friction of
the Enfield bullet, its trajectory in the early stages of
its flight is almost the highest of any rifle known, Of
course, at longer ranges, the momentum of the Enfield
will tell, and at about 400 yards its elevation will be
about equal to the other. But as we do not shoot deer,
&ec., at 400 yards, this cannot be allowed to tell.

115. Again, an Enfield bullet in a 14 gauge will
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weigh about 2 0z. To shoot this ball with its propor-
tionate charge of powder, we would require a rifle of at
least 15 lbs. weight; but having only 9 lbs. at our
command, let us see what we can do. We must reduce
the charge, and we shall find that 1} drachms will
give such a recoil as few would like to stand very often.
We must also increase the hollow to insure expansion.
And now we have got a very perfect rifle, have we not ?
s Eight to the pound will kill anything,” Yes, if you
put plenty of driving power behind it; otherwise, it is
worse than half the weight of lead with a proper charge.
Such a rifle possesses the most contemptible penetration
possible at sporting distances. It will shoot true enough,
doubtless, as a mortar shoots, by pitching its shot to a
certain distance, leaving all the intermediate ground in
perfect safety. The elevation required by such a rifle
may be conjectured from the trajectory above laid down
for the 25 gauge. The height of the 100 yards’ trajectory
will be about 2 ft. or more above the line of sight, and
there will be literally no point blank at all!

116. A great deal of execution on game may be
done with a 25-gauge Enfield rifle, and, for deer-shoot-
ing, there is little objection to its use by those who are
perfect judges of distance.” The greatest care must be
taken to have the ammunition always the same ; also in
loading that the bullet is quite straight in the barrel, for
no bullet “jams” so readily as a tight-fitting Enfield.
The gauge 25 will be found, however, too small to give
sufficient shock even to deer of large size; it will not
¢« kill dead,” as the equivalent weight of lead will do in a
spherical shape. Accurate shooting cannot be expected
at uncertain distances with such a rifle, as, having a low

6
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velocity and next to no point-blank range, calculation
and allowance for the rise and fall of the bullet will
have to be made even at close quarters, as well as a
large allowance in aiming ahead of running animals.

117.. The severity in the rifling of an expansive rifle
must vary according to the length of the ball, as also
the amount of rifle twist. The spiral adopted for a
25 gauge is one turn in 6 ft. 6 in., though it is
very doubtful if this is sufficient; but when the gauge
is reduced to 50, retaining the weight of ball, one in
18 in. is found to be requisite. The grooves may be
cut shallow, with the slight twist of one in 6 ft. 6 in.,
but they require to be deepened, or the hold otherwise
increased, as the twist increases in rapidity. They may
be any number from two upwards, but three or five have
been found to answer best.

118. On striking the large bones of an animal, or
anything that arrests their progress, expansive bullets
with hollow bases flatten out into a larger surface than
any others in proportion to their weight, excepting
hollowed projectiles, such as empty shells. This is a
serious inconvenience in shooting large game, for it
reduces the penetration very much; neither can it be
corrected by hardening, for alloy is inadmissible with
such bullets; but it may be an advantage where shock
more than penetration is wanted. A steel point may
be used, but steel points are by no means so effective as
hardened balls, as they do not prevent the back of the
bullet from flattening gut around them.

119. Lancaster’s elliptic rifle is an expansive one, but
as it possesses no advantage over the Enfield at sporting
distances, it is not necessary to discuss it here. It requires
even more attention than the latter in the matter of nicelv
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fitting ammunition, without which it is exceedingly liable
to strip. Whitworth’s, Henry’s, and other “small bore ”
rifles, when used with expanding ammunition, may be
included amongst expansive weapons. They have no
advantage at sporting distances over the Enfield, except
in penetration. Their trajectories are almost equally
high at such ranges, although very much lower at
longer distances, and the tendency to fouling and * jam-
ming” is much greater. The largest gauge that could
be used in a 9-Ib. rifle would be about 50, and a ball of
such small diameter must be at once set aside as useless
for killing large game. It is difficult for a man without
experience to bring himself to believe that bullets which
give such astonishing accuracy and penetration as these
should be inefficient for any purpose; but it is, never-
theless, a practical fact, testified to by every one who
has used them at anything larger than an antelope.
As bullets of such extreme length in proportion to the
gauge are incapable of being used in barrels of large
enough bore for shooting game, I think I may at once
dismiss them from these pages; for my readers may rely
upon it that their use will only entail disappointment
and an empty bag. When used with empty shells,
however, and a large enough charge to flatten the
projectile well on striking and give a low trajectory,
they make very good weapons for deer-shooting.

120. A serious drawback to the use of loosely fitting
expansive bullets, is the tendency to rise in the barrel,
and leave a space between them and the powder. 1
have several times found, after jolting about for some
hours in the howdah, that the bullets of such a rifle had
risen half way up the barrel! The extreme danger of
firing a rifle in that state needs no comment,

6—2
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121. Mechanically fitted conical balls may be used in
almost any muzzle-loading rifle, and, in fact, almost every
gunmaker has a separate ““ make” of his own for such
rifles. Some use two grooves, some three, some four;
some of the grooves are semicircular, some oblong, some
“ ratchet-wheeled.” There is no end to the varieties of ball
and rifling that have been mechanically fitted together ;
but they are all simply the mechanical means of effecting
the requisite hold between ball and barrel; and I believe
that, if this is of a severe enough description in propor-
tion to the rate of spiral in the grooves (which, again,
depends on the length of the ball), it matters not a pin
what system of grooving be adopted, so long as unne-
cessary friction be avoided. Jacob’s four-grooved, and
Purdey’s two-grooved, rifles may be taken as examples
of the mechanically-fitted class ; in the former, a ball of
2} diameters, and in the latter, one of about 14 diame-
ters in length being used. In each case the projectile is
accurately fitted to the grooves, and expansion is not
looked to for the rifling. They differ, of course, in the
rate of spiral required; for while Jacob adopted one
turn in 2} ft. as necessary for his lengthened picket, the
shorter projectile used by Purdey is found to fly true
enough, at sporting distances, with a turn in 6 ft. of
barrel. The latter will, therefore, have much less fric-
tion, and will be put into a higher velocity with the
same charge. The largest gauge that either will admit
of in a 9-1b. rifle will be about 40, and the charge in the
former case will be about 2} drachms, and in the latter,
3} drachms. In a 14 gauge, a ball of Jacob’s dimen-
gions will weigh 2} oz., and of Purdey’s about 2 oz.,
and if the proportionate charge of powder be used, the
rifle to project the former will be 19 Ibs. in weight, and
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the latter about 15 lbs.! The trajectory of Jacob’s
bullet at sporting distances has little advantage over the
Enfield ; but Purdey’s of 40 bore is very much superior,
and comes nearer the spherical ball rifle than any other.
For the first 100 yards, I believe the latter to be supe-
rior, as it admits of a larger charge of powder in pro-
portion to the weight of the ball. At 150 yards they
are about equal; and beyond that distance, Purdey’s
ball of equal weight has the advantage. In any sport,
therefore, at which longer ranges than 150 yards may
be sought for (such as wild antelope and bustard shoot-
ing in the plainy of India, or ibex and other hill shoot-
ing), and in which the smallness of gauge (40) may not
be objected to, I consider a rifle on Purdey’s principle
perhaps the best of any.

122, This rifle has obtained a great reputation
amongst deer-stalkers at home, and very justly; for it
is indeed an excellent weapon for their particular sport.
But it must be remembered, that, at home, almost every
red deer wounded is bagged by the assistance of deer-
hounds; to wound, therefore, is the object nearly as
much as to kill, and this rifle does this perhaps better
than any other. It is a very different thing in India
and other countries where such assistants are not at
hand ; where tracking is frequently impossible, and an
impenetrable jungle is almost always close by. Then
we must kill, not wound merely, if we wish to bag;
and Purdey’s little ball, unless placed in exactly the
right spot, is inefficient for the purpose. If made,
again, of large enough gauge for work, its good
qualities, low trajectory, and penetration, immediately
disappear; for in a 9-1b. rifle we cannot give a fourteen
or sixteen gauge Purdey anything like its proportionate
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charge of powder, and it will, therefore, lose velocity
and lowness of trajectory. Jacob’s bullet possesses
these disadvantages in an enhanced degree in proportion
to its greater elongation and more rapid twist, and is
not to be thought of for sporting ranges, except in
relation to the explosive shells which will be treated of
further on. Almost any gunmaker can make a small-
bore rifle on the mechanically fitting principle quite as
well as Purdey, and probably at a much lower figure.
Among others I may mention Messrs Henry, of Edin-
burgh, and Rigby, of Dublin, as makers who make
excellent weapons on this principle.

123. It may be, and often is, said that by using these
elongated balls in large gauges, we do not, after all,
lose in momentum; for, although we can only afford
to start them with diminished velocity, yet their greater
weight makes up for this. This is true to a certain
extent ; but I will explain :—Suppose in any barrel we
may use any one of two balls—a sphere, say, 1 oz., and
a projectile of 2 oz.—and suppose we can afford to give
the former a velocity of 2,000 ft. per second, and the
latter only 1,000 ft. per second; then, momentum being
made up of the weight multiplied by the velocity, each
would have precisely the same momentum; but, as
before explained, the effect of a projectile, or « work ” of
which it is capable, is measured by its vis viva, that is
its weight multiplied by the square of its velocity. Tt
is, therefore, of great importance to have this last
element of the momentum as great as possible, as we
thus lessen the elevation, increase the facility of hitting
running game, and improve the penetration.

124. A high velocity and consequent low trajectory
at short distances are the life and soul of good shooting
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at game. Take an instance:—We stalk an antelope on
a grassy plain; we are an hour about it, and have then
got to what we think a fair 100 yards; our weapon is
a fourteen-gauge with Enfield bullet, and if it hits, is
safe to make an ‘‘immortal smash ” of his carcass. We
have putin 2 drachms, and rather funk the kick; but
we pus up the 100 yards sight, and rest the barrels on
the banks of our concealing nullah. The meeting of
the white and black, the fatal spot behind the shoulder,
is phinly exposed, and we have covered it with the fine
front sight, accurately sunk into the notch of the hind
one. He is cropping the young shoots of a green bush,
and, 18 he raises his head to snuff the gale—bang!
He’s down! no, off! By Jove, I believe it’s a miss!
Hang this rifle, I believe I should have hit him with
my ol double partridge-popper. Let’s pace the distance,
thougn, and see whether it is the rifle or not:—50, 60,
80, 10, and not come to the green bush yet!—120,
140—j—6—7—one hundred and forty-seven paces,
equal to about 130 yards. Of course, I knew it was a
mistate in my calculation, and the rifle isn’t to blame
after iil. But I, Ego Auctor, say the rifle is to blame.
Had % been a properly constructed rifle, we should
only hwe missed the fatal spot by about 2} in. or so,
and prbably bagged our buck; whereas, as it is, we
must hwe missed by 5 in. at least—which such a rifle
as I haw supposed us to be using is perfectly capable of
doing, 1¢ me tell you.

125.In the foregoing remarks on rifles, I have
referred fhem all to a certain standard, viz., such as
may be ued at a weight of 9 lbs.; but it is evident
that the sme reasoning applies to any other weight that
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may be selected. Thus, suppose you could use a rifle
heavy enough to throw a 2 oz. spherical ball with a
large charge of powder (7 or 8 drachms); then, if you
prefer the conical form, you must either, retaining the
weight of ball, 2 oz., reduce your gauge accordingly,
and so lose striking surface; or, retaining the bore and
surface, adopt a much heavier ball, with a much lower
initial velocity, in which case you will lose in lowness of
trajectory at short distances.

126. I append a table of various rifles typical of the
different systems available for sporting purposes, from
which the sportsman may determine at a glanceiwhat
size of bore he may have, and what advantages h¢ may
expect from any system he may select. They art¢ all
referred to the same standard—namely, such as mgy be
used in a 9 Ib. rifle without excessive recoil. Ttmust
be observed that this table is only an approximaton to

absolute accuracy, for the reason, that rifles on thd same
system will vary when made by different makers, to a
considerable extent.

TABLE oF PROJECTILES available for use in a 9-1b. KrFrLy

o Gauge | Rate of | Charge | Point treme
Df,s %r'xpt;i(;n of numl‘);er spiral, of blank ;;urate
rojectiles. of rifle. |1 turn in | powder. | range. |range.
ft. in. | drs. Yards. | Yards.
Whitworth, Henry, abont |{1 8 2} 30
and other small- } Y to to to [ {1,200
bore bolts ... 2 6 3 40 |
Jacob’s picket ... 40 2 6 2} 85 i 1,000
Purdey’s 2-groove .
5 winged ball .. 40 6 0 31 70 | 350
nfield shape, hollow {
cone ... ’ 24 6 6 23 40‘ 500
Plain sphere 14 8 8 4 85( 250
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127. It will now have been perceived to which of
the many principles now employed in rifle making the
writer’s preference inclines. It was long before I could
acknowledge to myself the plain fact, that, better than
all the magnificent modern inventions, better, that is, for
general game-killing purposes, is the plajn polygrooved
rifle, used with the old-fashioned globular ball; not,
however, as our forefathers used it, but as modern
science has enabled us to produce it, with its manifold
defects corrected. I need not here detail the long
course of experiments by which I have been irresistibly
led to this conclusion; the spare time of the last ten
years has been greatly occupied in conducting them,
and, I fear, rather more than the spare cash of the
same period in procuring the necessary material. I
have now completely satisfied myself (and many others)
that, for ordinary sporting purposes at sporting ranges,
given the weight of a rifle, that weight will be most
beneficially applied in projecting the largest spherical
ball, with the largest charge of powder that can be
managed without too great a recoil.

128. How unorthodox this opinion is considered by
the gunmaking trade, a not altogether imaginary instance
will best explain. A young gentleman, an ardent sports-
man, but somewhat inexperienced in guns and gunnery,
received an appointment to India. Amongst the items
of a liberal outfit was included, of course, the invariable
double rifle “in case complete.” He went to a well-
known maker (and therein did wisely), and told him
his wants. He was shown a few ready made, but
being a long-necked, long-armed personage, none
would fit.
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 We shall have to make you one, I see, sir,” said
the salesman ; “ what sort would you prefer ?”

« Well, really,” replies our “ Griff,” «“ I don’t know ;”
and naturally added, ¢ What would you recommend ? ”

As naturally the maker to him replied, * I don’t think
you will find anything to beat our eccentric three-groove
principle; all our customers prefer it to any other.”

« All right, make it on the what-d’ye-call-it prin-
ciple ; but I should like a heavy ball, you know ; they
say the beasts out there require a good dose of lead.”

¢ Certainly, sir ; we are in the habit of making rifles
for India, and quite understand what is wanted; youn
may rely on us for a perfect weapon.” Exit « Griff.”

The weapon was finished, packed in tin, paid for,
and despatched round the Cape to Calcutta, and there
seen and admired for the first time by the delighted
purchaser. It was a lovely weapon to look at; short
and handy, about 32 bore, with the cats of the what-
d’ye-call-it principle showing fine and clear against the
new metal of the muzzles; beautifully finished (as it
ought to be, for the bill bore an alarmingly big figure
before the cypher in the sum total); and the locks
clicked with the music of a first-rate. Altogether it
was just such a weapon as the soul of the inexperienced
gunner loveth. “ By Jove!” he thought, as he put up
the 500 yards sight and squinted through it at the
coolie pulling his punkah, “I only hope to get a bang
at a bison or a tiger before long, and I rather think this
will prove a smasher for him.” It would be cruel to
follow our friend through the scenes of heart-rending
disappointment by which he discovered the utter ineffi-
ciency of such a weapon for much smaller game even
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than the bison or the tiger. Suffice it to say, that ere
the second year, it was sold by auction at a price that
would have driven its aristocratic maker into fits.

129. In this case the gunmaker had caught a custo-
mer exactly to his mind. Suppose now our hero, after
a few years’ experience in the jungles, and having
become a convert to the opinions herein laid down, were
to pay a second visit to the same maker and order
another double rifle :

I want you to make me another rifle, Mr.

“Very good, sir, many thanks; like the last, sir?
hope it gave you satisfaction ? We have improved on
our principle since then—a little smaller bore and
sharper twist—find it shoots farther.”

“ Not at all,” replies his enlightened customer; I
want it 12-gauge.”

“ 12-gauge, sir! ball will be very heavy, 2} oz. at
least, sir ; must be a very heavy gun to stand it.”

“ Yes, 12-gauge, Mr. , and with a round ball.”

¢ A round ball, sir | we never make such things now,
sir, except for shot guns ; no use whatever, I assure you.”

“ And only a quarter turn of rifling in the barrel,”
continues the incorrigible heretic.

¢ A quarter turn, sir? why, you’d better have sights
put on a fowling-piece and call it a rifle: shoot just as
well, believe me.”

“ Well, never mind ; the question is, will you make
me such a rifle, or must I go elsewhere for it ?”

“I'm afraid you must, sir; really we have a cha-
racter to lose, and can’t afford to put our name on such
an affair ; very sorry, can’t understand how you can be
so mistaken. Ah! I see how it is, you must have been

”
.
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standard as before, weight of rifle and absence of recoil
being still the constant elements :—

I Wewght, tf for general purposes, not more than 9 lbs.;
in 2nd class manageable.

II. Moderate recoil.

By the conditions, all are equal in these points.
IIL. Sufficient accuracy at sporting distances.

14-GAUGE SPHERE.

Sufficient.

14-GAUGE CONICAL.

Sufficient.

IV. Penetration at sporting distances.

Amply sufficient.

May be equal to
sphere.

14 to LB. CONICAL.
At any range beyond
150 yards, superior.

Superior in total pe-
netration,

V. The least degree of elevation at sporting distances.

Superior to both.

Very much inferior
to both.

May be equal to
sphere, but is gene-
rally inferior.

VI. The largest possible striking surface.

None can be supe-
rior to the sphere.

The same as the
sphere,

Greatly inferior to
both.

VII. Striking surface of a shape not more acute than a

hemisphere.

As obtuse as can be

conveniently given to
any projectile.

May be the same as
the sphere.

VIIL. Easy and rapid loading.

14-GAUGE SPHERE.

If properly construct-
ed, loads as casily as
any muzzle-loader, and
when all are fouled it
is perhaps the best.

14-GAUGE CONICAL.

If tight-fitting enough
for accuracy, is about
the same as the sphere,
but when both are foul
it is inferior, particu-
larly with mechani-
cally-fitted bullets.

“Cannot be made so
obtuse as the others
without inaccuracy.

14 1o LB. CoNICAL.

The same as the 14~
gauge conical, except
that it fouls more ra-
pidly, and gets difficult
to load after a less
number of shots.

Nore.—If breech-loading be adopted, of course all are placed on an

equality.
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IX. Moderately short biarrels.

None superior to the
sphere, which, in fact,
requires a short barrel.

X. General handin

In this, none can
surpass the sphere. A
mistake in charging
has no bad effect;
double charges may
be used without dimi-
nishing accuracy; har-
dened balls may be
used. May be used in
smooth bores of the
same gauge, which is
a very great advantage
in foreign sports. Ball
goes in any way, no
chance of a mistake;
and the results are al-
ways the same, and
may be depended on,
being less liable to ac-

If on the expansive
system, must be longer
than the spherical ball
rifle.

ess and simplicity.

Ifhollow-based, must
be most accurately
charged ; easily jams
if care is not taken in
loading; will not admit
of different charges;
cannot be wused in
smooth bores; a greater
weight of lead has to
be carried without cor-
responding  momen-
tum, as equal velocity
cannot be given; less
to be depended on than
the sphere, being more
liable to accidents in
firing, such as “ strip-
ping,”  “ jamming,”
&c.

cidents than any other.
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The same as the 14~
gange conical.

The same as the 14-
gauge conical, but with
the addition of fouling
much more rapidly.

132, It will be seen from the above that, for all
ordinary purposes, the preponderance of advantages is

very greatly in favour of the sphere.

The only point

in which its opponent, the small-bored cone, is superior,
is that of extreme penetration. But why do small-bored
cones penetrate deeper than spheres of equal weight?
Because they are less resisted in proportion to their
weight. But this is just what we do not want; we
want a sporting projectile to be resisted by all the bones,
nerves, and blood-vessels we can possibly oppose to its
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passage ; and we want it, by crashing through these, to
shock the system of the animal, instead of shirking them,
as is so frequently done by the acuter picket. That the
penetration of even a simple leaden ball in a 14-bore
spherical rifle of 9 Ibs. weight is ample for all ordinary
game, I have quite convinced myself. With 4 drachms
it goes through and through any animal likely to be
met with in the forests. Mr. Baker has stated that
4} drachms will drive a ball of that size through both
sides of an elephant’s head, and 4% or even 5 drachms
may be used in such a rifle without any unpleasant
recoil, and without any bad effect on the accuracy of the
shooting. The penetration may also be increased to
almost any extent in such a rifle by simply adding a
little tin or mercury to the composition of the ball. I
have thus even driven a 2 oz ball through a full-grown
wild buffalo longways, which I have never seen accom-
plished with a conical ball. This does not injure the
grooves of the rifle in the least, as they ought not to
indent the metal of the bullet at all, the spiral motion
being given by the patch alone. It may be doubted
whether such spiral motion can be given by the patch ;
I say try in a rifle of that degree of twist. Mark the
posterior end of the ball, and you will find in every case
that the other end has struck first and been flattened.
133. It must, however, be clearly understood that
none of the advantages I have attributed to the use of
the spherical ball are obtainable without using it in a
rifle made on purpose for it, and on the principles laid
down. In general, spherical balls, when used, have not
a fair chance given them of displaying their merits.
Rifles are generally made and sighted for some descrip-



Sporting Weapons.—Selection of a Rifle. 97

tion of conical ball, and a spherical mould is ¢ thrown
in,” the ball of which has, perhaps, never even been
fitted to the barrel. To any one desirous of giving the
spherical ball a fair trial, I say, disabuse your mind of
all prejudice, and order a rifle to be made and sighted
for the spherical ball, as herein recommended, and make
up your mind never to fire a “sky shot” with it at
anything whatever; try its accuracy at a target at the
distances you usually kill game, and try it at game in
the field, but never beyond proper sporting ranges. Do
this, and I will venture to say you will, after six months,
allow that you never had a rifle in your hands so plea-
sant to shoot with, that you could hit game better with,
or that more certainly killed when you did hit.

134. The contrast between this system and that
formerly applied to spherical balls in rifles will at once
explain the superior results attained. Formerly, the
twist, friction, and tendency to ¢ stripping” were enor-
mous ; this necessitated deep grooves, indenting the zone
of the bullet, and causing atmospherical resistances of a
most irregular description, which again, working in a
circle, necessitated great spiral in the rifle for such balls.
Now, the twist, friction, and tendency to strip are at the
minimum : this permits an easy loading bullet, which
leaves the muzzle a perfect sphere, and has very little
tendency to irregular flight ; which, again, permits
the slight rate of spiral in the barrel that gives rise to
these advantages. In the one case, everything is forced,
and, in the other, Aumoured.

1385. The two-grooved rifle, with belted spherical
ball, is sometimes used by sportsmen still, but only
because the principles that should regulate spherical ball

7
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rifles are not understood. With the old rate of spiral,
it held the ball better than the polygrooves ; but when
the spiral is reduced to a turn in 8, 10, or 12 ft., it is
merely extra holding power thrown away, and creates
enormous additional friction both in the barrel and in
the atmosphere. Moreover, such rates of spiral as I
advocate cannot be used with a belted ball; for the belt
causes a tendency to irregular flight, which must be
counteracted by additional spiral in the barrel, again
showing how the principles of the rifle work in a circle.
The extra spiral causes the adoption of the belted ball,
and the belt gives rise to the necessity for extra rotation
and rifle twist.

136. I shall finish this argument by quoting the
published opinions of various sportsmen and authors
on this point; as, although I think I have advanced
sufficiently strong reasons why the spherical form should
be preferred for sporting purposes, yct, as many con-
sider that “in a multitude of counsellors there is
wisdom,” perhaps my position will be strengthened by
their support. They are all, it will be observed, favour-
able to my views, and, lest it be supposed that I suppress
those adverse to them, I may state that I am not aware
of any, entitled, by experience in the field, combined
with an adequate knowledge of gunnery, to have weight
attached to their opinions, who pronounce a contrary
judgment. It is somewhat curious that none of these
1nake any reference to what I consider the greatest
practical advantage of the sphere for sporting purposes;
namely, its comparatively low trajectory at short dis-
tances, retaining the necessary striking surface. This
is probably owing to their using the sphere with the old
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rate of spiral ; and if -So, and they then found it prefer-
able with even an equally high trajectory, what must
its superiority be when it is improved in this respect at
least 100 per cent. ?

137. In Gunnery in 1858, page 404, Mr. Greener
says :—

“ For other purposes than war, rifles will continue to be
constructed on the polygroove principle, and with spherical
bullets. The perfect destruction of various animals is depen-
dent generally on two causes—the penetration into the body,
and the shock to the system during that act of penetration.
No doubt exists that a spherical bullet would combine these
two qualities best. The 25 bore, the 32 and 50 hexagonal
bore would be, practically speaking, useless for tbe killing of
elephants, tigers, &c. The effectual and instant killing of
seals on ice is an illustration; failing to kill a seal dead, he
will, to a certainty, reach his hole in the ice, and disappear,
to the shooter’s serious disappointment. Small-bore elongated
bullets were very rapidly adopted, and as rapidly abandoned.
¢ They did not kill dead;’ the spherical bullet did this better.
It would be wise to pause and consider whether a good mili-
tary rifle is a good game-shooting rifle or not: whether the
hole in the heast be wide cnough. I am inclined to think
the reduction to a bore of 25 too small for this purpose.”

This is the opinion of a practical English gunmaker
—almost the only one who has g}ven us any writings
on subjects connected with his profession. It is also to
be remarked that he, of all others, is the stanchest advo-
cate of expansive bullets for military rifles. This opinion,
therefore, as devoid of all prejudice, is most valuable.

138. Major Shakespear, the author of Wild Sports
in India, says :—

T—2
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“I have Minié bullet-moulds for my rifles; but so long
as the spherical bullets go through and through large game, 1
do not see the use of running the risk of shaking the stock of
the gun, and of extra recoil, by using the heavier balls.”

139. Mr. S. W. Baker, author of The Rifle and the
Hound in Ceylon, unsurpassed in experience with very
heavy game, writes as follows in the #%eld of March 23rd.
1861 :—

¢ strongly vote against conical balls for dangerous game ;
they make too neat a wound, and are very apt to glance on
striking a bone. The larger the surface struck the greater
will be the benumbing effect of the blow. . . . In giving an
opinion against conical balls for dangerous game, I do so from
practical proofs of their inferiority. I had at one time a two-
groove single rifle, 21 lbs., carrying a 3 oz. belted ball, with a
charge of 12 drachms powder. This was a kind of ¢devil-
stopper,” and never failed in flooring a charging elephant,
although if not struck in the brain he might recover his legs.
I had a conical mould made for this rifle, the ball of which
weighed 4 oz.; but instead of rendering it more invincible,
it entirely destroyed its efficiency, and brought me into such
scrapes that I at length gave up the conical ball as useless.”

If largeness of scale, as has been contended, enhances
the value of an experiment, surely the results arrived at
with such artillery as this should be conclusive !
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CHAPTER 1IV.
SHELL RIFLES.

140. Tre almost universal adoption by Indian sports-
men of rifles on the spherical ball principle which has
followed the publication of the first edition of this work,
and the constantly expressed opinions of satisfaction
from their use which I have reccived privately, and
observed in the public prints, are the best proofs of the
correctness of the views brought forward.

141. Although, however, the rifles that have been
made on the principles described in previous chapters
have proved themselves the simplest, best, and most
trustworthy for all ordinary sporting purposes, yet no
one who has had any opportunity of observing the
astonishing tenacity of life displayed by the larger
carnivora can avoid the conviction that the best of our
modern sporting arms, as hitherto constructed, are
insufficient to sccure cven a moderate amount of safety
to the sportsman who makes a practice of encountering
them alone and on foot. Some years ago, convinced of
this, I turned my attention to the various explosive
shells then before the world.

142. I first tried thoroughly the shells invented by
the late General Jacob. These, as most people know,
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consist of a tapering copper tube, filled with gunpowder,
and primed with a little detonating powder. A conical
ball is cast with a hole in its apex corresponding to the
tube, which is then inserted, and fastened with a little
lac cement. There is thus nothing to protect the per-
cussion powder from explosion by a blow but the thin
copper of the tube, and the consequence is that these
shells are extremely dangerous to carry and to load
with. Serious accidents have thus happened to several
sportsmen in India. I soon gave these shells up as
worse than useless for sporting purposes. I have fired
one through a tiger, at two yards distance, without any
explosion ; and, on the other hand, I have seen another
burst on the skin, and fly back without penetrating an
inch. Even when they do burst in an animal, the effect
is less than that of a similar solid ball; for the shell
does not fly to pieces, but merely opens out at the tip,
while, of course, its penetration is checked, and the
killing effect of a through-and-through wound lost. The
subjoined extracts from letters I have received from
sporting friends will show, if necessary, that I am not
solitary in my opinion of Jacob’s shells:—

1. “I am more than ever convinced that yonr shells are
the only safe things to use for shooting tigers on fvot. On the
18th inst. I fired (on foot) at a tiger with a Jacob shell, dis-
tant about six paces ; it passed through hLis shoulder and
lungs, and going diagonally through his intestines, lodged
in the flank. Notwithstanding this, the confounded thing
never burst (it was an English-made copper shell), but forced
the copper tube out of its berth, and was cut out of the
beast’s body smashed like any ordinary conical ball.”

2. “You remember I used to be an advocate for Jacob’s
shells, but my faith in them was considerubly shuken by one
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which I fired into a tigress, charging me at a distance of
only some ten feet, having failed to burst or to stop the
animal; and subsequently by the failure of another, with
which I hit a tiger not half-a-dozen yards from me, on the
vertebra of the neck, or perhaps I should say the backbone,
but which, exploding on the surface, merely blew off a patch
of the skin, without penetrating at all. The tiger I allude
to was subsequently shot ; and, as you were present on that
memorable occasion, you must remember the very superficial
appearance of the wound.”

143. Finding, then, that Jacob’s shells were so in-
efficient and uncertain, I turned my attention to Norton’s
invention. There were several varieties of these—the
main principle of all being, however, to cast the lead
round a rigid hollow chamber of hard metal, which was
afterwards charged either entirely with a detonating
mixturé, or with gunpowder and primed with a percus-
sion cap. In one the cap was sunk below the surfice of
the lead, to prevent its being exploded by the blow of
the ramrod in loading. This identical idea has recently
been revived by other parties, and, I believe, patented.
The whole of Captain Norton’s ingenious devices in
gunnery are to be found described and figured in a
pamphlet published by him. I found on trial that this
shell was little superior to Jacob’s, for sporting purposes.
It burst better when loaded with detonating powder
only; but the presence of a rigid chamber, the position
of which in the ball could not be regulated with perfect
exactness, rendered its effect extremely uncertain.

144. I then tried Metford’s shell, which is simply a
ball with a hole cast in its apex, which is filled with
percussion powder, and stopped up with wax. The
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explosion of this merely opened up the point like
Jacob’s; and, although safer, it was in effect not the
least degree better than it.

145. 1 therefore determined to endeavour to invent
a shell for sporting purposes. I saw that any rigid
metal was inadmissible; and the difficulty, therefore,
arose how to cast a shell with a hollow chamber larger
in its internal dimensions than at its orifice. It was the
old problem of ““how to get the egg into the bottle.” 1f
a rigid chamber, to be left in the shells, could not be
used, a core of some kind must be employed—and the
point was how to get this core out again.

146. The most natural method is, of course, to cast
on a clay core, and pick it out in small pieces after-
wards. This is the usual plan employed in the arts for
hollow castings ; and I found it had already been tried
by a sporting friend, now dead, Captain B., of the
Bombay Engineers. We used these with tolerable
success for some time, but the great objection to them
was the trouble of making them. Each core had to be
separately prepared beforehand, and was useless after
one casting.

147. I tried an infinity of plans, under all the
aifficulties of bad workmen, &c., natural to up-country
stations in India, and at last hit on the idea of casting
the shell in two pieces, and afterwards *swedging”
them into one by compression in a steel matrix. In
Plate II., figs. 1, 2, and 3 show several forms of the
shells thus made. It will be observed that the principle
consists in forming a “dovetail ” joint between the
parts, a tenon being cast on one part, and a slot on
the other; the tenon is then inserted into the slot, and
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the shell passed through a swedge, in which a steel
matrix of the exact size of the shell is cut. The portion
of the lead on the slot piece, which in casting had been
left beyond the true form of the perfect shell (& b,
figs. 1, 2, and 3), is thus compressed round the neck of
the tenon, and a perfect waterproof * dovetail” joint
is the result. So perfect is this joint, that, when the
shell is exploded, fragments of both parts sometimes
fly off together, the joint between them remaining
unopened.

148. In the former edition of this book I figured,
for the benefit of sportsmen abroad, the rude implements
for making these shells which I had been able to get
made by native workmen. I now present them with
figures of the beautiful apparatus made by English skill
for the same purpose (figs. 5 and 6, Plate 1I.). The
moulds I thought it needless to figure, as they consist
simply of the ordinary conical bullet moulds, with
special ¢ plungers ” of the shape of the hollows in each
part, fitted to them. These can be made by any decent
workman.  The screw swedge (Plate II., fig. 5) can
also be made in many parts of India; Boput, of Nag-
pore, in Central India, for instance, turning them out in
a style almost equal to English work. Any English
gunmaker can furnish them, and I may mention Messrs.
W. W. Greener, Henry, Reilly, and Dougall, as being
well acquainted with the requirements of this projectile,
who have made them of every description for me, and
thoroughly understand the principle. -

149. These shells may be loaded in a variety of
ways. At first I loaded them with gunpowder, with a
priming only of detonating powder. T shortly found,
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however, that the effect was much greater when the
whole shell was loaded with detonating powder. A hole
may be left in the point of the shell, through which to
load after swedging, and closed with a plug of wood or
wax. This is the best method of loading the first form.
Or, on the other hand, the explosive mixture may be
first inserted, and the swedging done afterwards in the
screw swedge (fig. 5) with perfect safety. These shells
are absolutely safe to make, carry, and load with;
indeed, I have not heard of a single accident, except
when a man fixed a loaded shell in a vice, and proceeded
to saw it open!

150, The detonating powder I use is by no means a
very sensitive compound, and, in fact, can hardly be
exploded, except by firing it in a shell from a gun. It
consists of sulphuret of antimony and chlorate of potass
pounded and mixed in equal parts by weight. There is
no danger in mixing, if done dry with a bone knife on a
wooden or china plate. Pound each separately as fine
as possible, and then mix. If mixed in solution, the
compound is much more sensitive, and is dangerous to
use. The materials for this mixture are procurable
from any chemist, and the cost is a mere trifle, less, in
fact, than that of gunpowder itself. The powder should
be made in quantities, as required, and not kept ready
mixed. This compound is the least sensitive of all deto~
nating mixtures, and is, therefore, peculiarly adapted
for sporting shells. A sporting shell should explode
only when it gets completely crushed up, as bullets do
after traversing a solid piece of flesh. A bullet glancing
from a bone, or fired through a board, only gets its
point somewhat flattened, and is very little crushed up;
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but if fired against flesh, clay, or any similar substance,
its tendency is to get quite “squashed” in the act of
penetration. We take advantage of this property to
make our shell on a principle that requires this * squash-
ing up” to occur before it explodes, and so avoid all
chance of accidental bursting against twigs or the ribs of
an animal. For this reason a considerable thickness
of lead must be left between the point and the chamber.
151, Game beasts, when considered as objects on
which to operate with shells, may be divided into two
great classes—the soft-bodied and the iron-plated. The
former includes tigers, lions, bears, deer of all sorts, &e. ;
and the latter buffaloes, bison, elephants, rhinoceros, alli-
gators, et id genus omme. Now, it is evident that no
shell can be equally well suited to both classes ; and a
shell which may act perfectly on tigers, &c., will not
have penetration enough for the iron-plated monsters.
But this shell admits of its penetration before explosion
being regulated to suit either class. This is done by
altering the thickness of the walls, and using a more or
less hard alloy as the material—a little tin should be
used even for the soft-bodied animals, as it makes the
shell splinter more in bursting; and by increasing
the proportion of tin, and along with it the charge of
powder, any amount of penetration may be ensured.
152. After much experiment, the form and dimen-
sions shown in fig. 1, Plate II., were adopted as the
best for all ordinary game.* The shell represented is a

* This form of the shell is represented in the plate as made with
the joint on the shoulder, to swedge in the lever swedge. It may,
however, be made with the joint in any part of the cylindrical portion
(fig. 3), and to swedge in the screw swedge (fig. 5).
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12-gauge, and holds about 1} drachms of detonating
powder. It is cast in an alloy composed of 1§ lead and
&5 tin.  The effect of this shell on tigers, bears, &c., is
really tremendous. It penetrates nearly through the
body of a tiger before it bursts, and generally flies into
three or four large, ragged pieces, which tear through
the animal in every direction. If the explosion occurs
in the vicinity of the spine, it becomes at once para-
lyzed; and if it takes place any where in the body,
death ensues either instantaneously or in a few seconds.
I have never known an animal, hit forwards in the body
with one of these shells, to leave the place afterwards.
Even when hit in the most unlikely places, such as the
haunch, if the shell gets into the cavity of the body
before it bursts, fragments of it are almost certain to
reach some of the vitals. T have never known one of
these shells to explode by accident on twigs or branches,
and never hesitate to fire through thick bushes, if need
be. I have killed a tiger dead through a mass of jungle
so thick that I could barely distinguish something red
on the other side: nor have I in any case seen the skin
in any way injured. The shell makes a clean round
hole on entering, and does not burst till deep helow the
skin.  Of course, if shells intended for large animals are
used on small deer, &c., they may burst near the skin
on the other side, and damage it somewhat. I have
myself shot many animals with these shells, and have
the most perfect confidence in them. I have dropped
tigers over and over again when shot in the most un-
likely places—places where a wound from a common
ball would have had little or no effect; and I have
received numerous letters from sportsinen who have
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used them with the same success. Perhaps the best
testimony to their usefulness I can offer, however, will
be the following extract of a letter that appeared lately
in The Field, from a writer whom I have not the plea-
sure of knowing : —

“From my own experience I pronounce the shell to be a
valuable invention. I have killed many animals with it,
bears and one tiger amongst the number, and in no instance
did I find a second shot necessary. Although of less specific
gravity than a solid ball, it is not less true in its flight; and
its penetrating power is sufficient to carry it well into the
body of the animal it is fired at before it explodes, whilst the
explosion produces such a shock to the beast as to render it
harmless.

“ Certainly its power of ‘doubling up’ an animal is
astonishing. With a good, big-bored, double rifle, loaded
with this shell, carefully primed, and with central fire-caps to
insure the ignition of the powder, I am of opinion that any
‘cool hand’ and good shot would run but small risk in
stalking or shooting a tiger or any dangerous brute, in the
same way as one would stalk and shoot a deer. Were this
shell generally used for shooting large game, I feel sure that
those deplorable accidents to sportsmen which are of such
common occurrence in this country—the result in all cases of
following up a wounded animal—would become rare. One
runs but small danger even in tiger-shooting until the beast
is wounded ; and from my experience, to wound with this
shell is to kill, so in using it, the great danger of ¢ following
up’ is avoided.”

The gentleman referred to in the beginning of the
present chapter as having come to such grief with
Jacob’s shells, wrote me lately to say that he had taken



110 The Sporting Rifle and its Projectiles.

to my system, and had just killed a tiger with a shell
that struck him on the thigh |

153. The question then arises, how far the sportsman
may venture to rely on shells, and thus be tempted to
expose himself to dangers which he would otherwise
avoid. Now I do not mean to assert that these shells
are quite infallible, that they will invariably kill stone
dead every tiger, bear, &c., that they hit. There is
always a large margin to be left for accidents and ex-
ceptional occurrences; and I know a few instances
where animals, fairly hit on the shoulder with large
shells, have retained life long enough to do damage.
Still, I do not think that many persons will be induced
to run any extra risks by their having shells instead of
bullets in their rifles ; and all I expect from the common
use of shells is that people, who would have run the
risks whether or no, will now cope with their antago-
nists on somewhat more equal terms. The use of large
shells for the first shot will, without the least doubt,
render tiger-shooting on foot a less fearfully dangerous
pursuit than it is. There is in general very little danger
in firing a first shot at a tiger, if the precaution is taken
of pulling when he is turned away from you. If not
then killed or disabled, he will almost invariably dash
straight ahead through the jungle for one or two hun-
dred yards. Then comes the dangerous part of the
work. You have to follow him by his blood, and pass,
step by step, through rank grass and vegetation. Per-
haps you find him dead, but more often he has lain
down to lick his wounds, and either dashes away when
you approach, or, watching his opportunity, treach-
erously charges in flank or rear. No shooting, nothing
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will then save you, but luck ; and it is generally under
these circumstances that accidents happen. Now the
advantage of shells is in having far fewer wounded
tigers to follow up. They almost always either drop
them on the spot, or cut them up so terribly that they
cannot get out of view before the hamorrhage com-
pletely pulls them up.

154. The second form of the shell may be used for
ordinary shooting if preferred. The great difference
between it and the first form is that it blows out more
behind than at the sides. All these forms of shell
expand most perfectly into the grooves of a rifle, and
they may therefore be used in any rifle which shoots
well a conical solid ball of similar form.

155. The ¢ pachyderms,” however, require a shell
possessing greater penetration than these; and for this
purpose the third form is the best. The front part
may be made of metal of any degree of hardness, the
swedge being mechanically fitted so as to allow the
wings cast on the forepart of the shell to pass through.
This shell is made longer, so as to weigh the same
when made of hard alloy, and admit a larger bursting
charge.

156. The charge of powder required for soft shells
for ordinary animals is from 3 to 3% drachms. For the
“iron-clads,” from 4 to 6 drachms. The spiral in a
12-bore rifle should be one turn in four feet or so of
barrel for forms one and two, and one in three feet for
form three. The weight of the rifle will of course be
proportionate to the gauge and charge of powder.
What system of rifling is adopted for shell rifles I do
not think matters much, so long as it is severe enough
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to hold the shell to the sharp twist of the grooves.
Jacob’s 4-groove, Rigby’s *ratchet-wheel,” Whit-
worth'’s, Henry’s, and in fact any rifling which admits
of the shells being mechanically fitted, will do almost
equally well. If shells of the forms shown in_the plate
are used, the weight of rifle required for different
gauges and charges will be somewhat as follows :—

. . e |8, e, |8,
Gauge and Weight EL | L\ EE | & EE | BB

M ©
of Rifle. So | Ew f)xo Bo |G |Bw
Ihs. | Ibs. | 1bs. | Ibs. | lbs. | lbs.
12 gauge, weight ... | 10 11 12 13 14 15
10, y e | 11112 1 13 | 14 | 15 | 16
s w e | 12 ] 13 | 14 | 15 | 18 | 17
6 [P 13 | 14 | 15 | 16 | 17 | 18

This table will enable selection to be made of a size
of bore, and weight of rifle suitable for any object.
Less than 12 bore should not be used, and the larger the
gauge the greater the effect; I prefer 8 gauge myself.
Of course the smaller the bore that is selected the better
will be the point-blank range. A good point-blank
cannot be expected from large-bored shell rifles, which,
however, as such rifles are generally used at close
quarters, does not so much matter. An ordinary cupped
ramrod is all that is necessary in loading. The shells
should go down easily with a thin greased patch, and a
thick felt wad should be used behind them.

157. Any gunmaker will be able to make a shell
rifle on this principle from this description. As I said
before, any system of grooving which admits of mechani-
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cally-fitted projectiles, will do. It may happen, how-
ever, that you have had shell-moulds made for your
rifle, or borrowed them from a friend, but when you try
them you cannot get them to fly point foremost. This
may occur from two causes, the first being because the
shell has not expanded properly, and filled the grooves, in
which case it will strip. If the marks of the rifling on the
shell (after being fired, unloaded, or filled with charcoal,
and sand into clay) are not perfectly distinct, or like a
cast of the interior of the barrel, this must have been
the case. This may happen from the shell being cast
in too hard metal, or you will perhaps find that the
shell fits too loosely, and the use of a thicker patch may
effect a cure ; but generally this occurs from the charge
of powder being too small, and it should be increased.
The second cause of the shell not flying accurately is
that while the rifling may be perfect and the shell
fitting it, yet the rate of spiral in the barrel is too
slight to keep its point foremost; it does mnot give it
e sufficient “moment of rotation” for a ball of that
shape. But for reasons before explained, a rotation
which is insufficient for a certain velocity, may be
sufficient for a lower veloclty.  You must, therefore, in
this case, try the effect of reducing the charge of
powder, taking care not to reduce it so much as to
create the other fault of imperfect expansion. If a cure
cannot thus be effected, there is nothing for it but to
reduce the length of the shell by altering the moulds,
and try again.

158. Of course any alteration in the size of the shell,
or in the charge of powder, will alter its effect on
animals; and if it exploded correctly at first, it may not

8
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do so after the alteration. This is one of the cases
constantly arising where a knowledge of mechanics and
gunnery is of such use to the sportsman. I have known
many excellent rifles parted with by their owners in
disgust simply from their not knowing how to cure
trifling or accidental faults. In using shells more
particularly, slight alterations will often convert a use-
less projectile into a most deadly and reliable missile.

159. Should you find, for instance, that your shell
bursts too soon on animals, you may conclude, either
that the metal at the point is too thin, or the metal is
not hard enough for the velocity, or that the latter is too
small for the sort of animal fired at. In the first case
the plunger of the mould must be filed down, in the
second, harder metal must be used, and in the third, a
larger charge must be adopted.

160. If, on the other hand, the shell penetrates too
far without bursting, the point may be too thick, the
metal too hard for the velocity, or the charge too great
for the size of animal. The cure in each of these cases
will be obvious.

161. Shells may be used in a breech-loading rifle, if
desired ; but I prefer a mu%zle-loader, chiefly for the
reason that you cannot use the deadly hard mechani-
cally-fitted shell in a breech-loader, and also because I
think all elongated projectiles, as mentioned in the
chapter on breech-loaders, more or less unsuited to that
weapon. I may mention again that there is positively
no danger in using my shells in muzzle-loaders, if they
are properly made and fitted; whereas it should be
recollected that there is always the chance of the shell
getting compressed in passing from the chamber into



Shell Rifles. 115

the grooved part of the breech-loader, though I am
bound to say that I have not known this accident to
occur.

162. Among numerous queries which the publica-
tion of the first edition of this book has brought on me
from sportsmen in all parts of the world, the most
common is, “ How can I get a rifle to shoot both balls
and shells well ?”  Hitherto there has been a difficulty
in using common balls with rifles made expressly for
shell shooting. A shell rifle requires a pretty sharp
twist in the grooves in order to give the shell such
stability of flight as to enable it to overcome all acci-
dental causes of deviation from the point-foremost
position. A shell rotating slowly, even if it would
under ordinary circumstances keep point foremost, yet
when fired through grass or bushes, as must often be
done, will inevitably be turned more or less, and so fail
to strike so exactly on its point as it ought.* By the
principles formerly established, then, all spherical balls
and short cones are excluded from use, except as a
makeshift, in a good shell rifle. Again, a rifle made
for shell shooting may be much lighter and more handy
than one made to shoot solid balls of the same size and
shape, with a proper charge to give low trajectory. If
a long solid ballis used, then, in a shell rifle, it will give
poor results, from the smallness of the charge that can
be used with it.

163. Empty shells make a good projectile in such
a case. I have, however, lately been trying tubular

* Statements differing from this have been made in print, but I
have satisfied myself by many experiments that long shells caunot be
used cffectively with slow-pitched rifling.
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projectiles, and I am satisfied that they meet all the
requirements of a sporting projectile. Their trajectory
is remarkably low, and accuracy quite equal to that of
a solid ball. The resistance they receive from the air
is quite insignificant, which accounts for their very high
mean velocity, It would be easy to show that the
moment of rotation in this form of projectile is the
highest of any ; it will, therefore, shoot accurately with
less twist than a solid ball of similar length. The
weight of a tubular projectile, with the hollow equal to
half the diameter, and two diameters long, is scarcely
greater than that of a spherical leaden ball of the same
gauge ; the extra friction in the grooves is amply
balanced by the absence of resistance in the air, and
thus you have a projectile with a very low trajectory,
large striking surface, and extreme accuracy, which
may be used with a light shell rifle. Tubular balls
of pure lead (or even with a considerable admixture of
tin) expand beautifully into the grooves, but they are
too weak for use against animals. I have succeeded in
getting splendid shooting with expansive tubular balls
out of Henry’s rifle, at long ranges; and perhaps this
may be the principle on which the hollow bullets used
by Metford and Whitworth have succeeded so well.
You gain vastly, however, by carrying the hollow right
through, as the resistance of the air is thereby much
diminished. Tubular balls for use against large game
must be cast in hard alloy (20 per cent. of tin or zinc),
and made to fit the grooves mechanically. Fig. 4,
Plate II., represents such a projectile, suited for use in
a shell rifle, in place of the shell shown in fig. 3. It
will be seen to be hollow from end to end; a thin
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sheet copper wad a, and a thick felt wad &, are placed
behind it to receive the force of the powder, and drop
behind as soon as it is out of the rifle. These projectiles
may be cast in the same mould as the fore part of the
shell (fig. 3), by having an extra plunger to cast them
fitted to the mould. I strongly recommend any one
getting a shell rifle to have this inexpensive addition
made to his moulds. Besides the plunger, all that is
wanted is a wad punch to cut the discs out of sheet
copper, which is procurable everywhere. It would be a
good thing if gunmakers could furnish cheaply hollow
steel cores, on which to cast tubular projectiles of soft
lead, for use in breech-loaders.

164. Since the invention of swedged shells, many
devices for rifle shells have been brought forward.
These are, without exception, either plagiarisms of my
invention, or old plans which had been