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The suject of this paper, " The Ballis-
tics of the Rifle,"' is one havîng for its
founidation three things, vit., the gun,
ihe powder-charge, and the bullet. 0f
the first this paper wîll not treat ; only
reference to the action of the powder-
charge will be made, ind very littie in a
specific manner will be said about the
bullet, for each wvould form the sut ject of
a long and interesting paper. 1 only
propose to treat on th* actions produced
by the gun, the powder-charge and the
bullet in coinibination ; and perhaps I
may treat nv suhject in a superficial
manner, but there are two reasons why
that bas to be done, (i'î because it is
necessary nîy paper should lie as terse
and brief as possible, and (2) becatise I
an only a layman dabbling in thie science
of gunnery and obtaining knowledge by
stLI(y alone, without the great actvan-
tages which practical experience confers;and 1 hiate taacknowleîge that 1I have
made a good tise of thie books 1 have
consulted, and often used, wtlîout giv-
iiîg credit, the 'yards of their several
authors.

According to the scientific artillerists,
and there are //îre' distinct kinds of bal-
listicF, vîz., interiar ballistîcs, exteriar
b llstîcs, and the ballistics of penetra-
tion. The first refeî-s to the action of the
pawvder charge after its ignition in the
bore, its action an the projectile up ta its
eîiierge'12:e from the intzzle, and the ac-
tion of the projectile dtiring its passage
through the bore. Trhe second refers ta
the motion of the projectile ta a pointî of
impact, and the influences which îietarct
it, or cause a ta deviate froni its path;
and the third refers ta the eneî-gy devel-
oped on the imîpact, and lîow the amotint
of such energy can be deternîined.

Th'le foregoing is the natural sequence,
becatuse it begins wi1th the cause and
enxds with the effect, but strange to say,
the artillerise now-a-days begins with the
effect, and works backward ta discover
or determine a cause which will prodtîce
the eft'ect lie desires. Thu ' , an armiour
plate of a certain thickness is to be per-
forated by a projectile. 'lo effect per-
foration this projectile must be miade of a
certain shape, class of mietal, weighit and
diaiîeter, and its energy or peiforating,
power must be flxed, and then the gun
ta be used must be selected, and the
nature and weight of the powder-charge
ta give the re(luired nîtzzle velocity iiîtist
be deterniined, thus lîarking back froîîî
the effect to the cause.

In this paper the sequence mentioned
has flot been followed, as it was consid-
ered desirable not to do so, for we ai-e to
treat only of the rifle, and not of gicat
ýuns and their immîense charges of
povder.

It is needless here to enter on tuhe bis-
tory of gunpowder, for that can be fotind
iii any encyclol);teiua, and aIl that is re-
îj'îii-edl for the purposes of tuis paî>er is to
say that it is an explosive compoind, by
the ignition of which a force is created
capable of propelling ta distant or in-
accessible points missiles in the shape of
siiot and sielis andi bullets, and imlpart-
iiig ta themi a dea(lly and destrutcive
farce or poi-er; and also tuîat it is nat
so inticli an expflosive, as a substance
n)echanically conipoun(lecl, whicli, on
ignition, gives off gases witlî îrcat rapid-
îty. In this respect it differs [roui gtin-
c ;tton and conmpotinds liaving nitra-
glvceriiîe as tlieir base, for whilst the

explosion of those compounds is almost'
instantaneous, the ignition or burning of
gunpowder is comparatively slow.

Ail projectiles on being discharged
from a rifled gun possess, (i) a 7'e/oci/y of
traiita/ion due to the propelling power
nf the powder.charge ; (-2> a 7'eloci/y of
r-ota//oi due to the spirality of the rifling
and the velocity at the moment of leav-
ing the muzzle olr the gun ; (3) an enery
due to their weight and velocity during
ligit ; and if4) a peniel)-ith'e power due
to the shape and inaterials of which they
are crminposed and their velocity at the
monet of impaict ; and these points
have been taken for consideration.

The velocizy of translation varies witb
the dimensions, shape and weight of the
bullet, the amount and nature of the
powder-charge, the ar-nount of friction
experienced in passing through the bore
of the ar-m frorn which it is propelled,
and the retardîng influence of the atmas-
phere.

The path followed by a bullet in its
translation [rom the gun to a point of
imipact is called its /raijic/or;', and this
pathi is fui ther changed by the reason of
the " drift of the bullet, which is a iove-
ment to the right or left accordin-, to the
direction of the rotation of the huiler.,I'iiere is flot iny suich thing as " point-
blatnk," " a terni, as one writer says,
"flnot yet expunged fromn popular speech,">
for as soon as a bullet leaves the înuzzle
of a gun the force of gravîty begins to
act, and between that force, the force of
translation, and thoý retarding influence of
the atmosphere, the path of a bullet in
its fligiht is a curved line.

In eai ly days when the science of gun.
nery was in its infancy, there were many
theories as to the flight of projectiles,
sortie believing that they were inpelled
in a straîghit lne and then fell perpen-
dicularly', and others that the first part of
the course was straigbt, then curved, then
directly to the earth. Another theory
wvas that the path followed was a portion
of a circle whose radius eqlualled ihiat of
the earth ; and still another, that ià was a
parabolie curve affected by the resi stance
cdused by the atmnosphere.

As previouisly stated the trajectoiv of
a IMllet, and indeed of any projectile
oreat or sni.ll, is a curve, not regular for
any particular miake of gun, but irregu..
lar, ir. that it varies at eveîy point in 'its
course, such variations being increased
or decreased by the weight and density
of the powder-charge ; the %veight, shape
and dimensions of the projectile ; tiie
atiiospheric conditions at the timie when
the guiî was discharged ; and the velocitv
of 1lîe projectile at différent points in uts
path.

E-lvery object or missile projecteci by
any force whatever lias its trajectory. A
stone thrown at a dog, water issuing [romn
a hose-pipe during a conflagration, or
molten metal lowing froni an aperture in
the fouindry-în)an's nmelting furnace, ail
have curved patlhs to their points of imi-
pact ; and there is but one course where
iioving bodies have not any trajectory,
andi that is %where they fal perpendicu-
larly (romi a height, but thougli suchi
course is a straieht line, the mass or
abjtect is retarded in itb descent by the
resistance catuseci by the atmosphere,
andl this resistance is one of tlhe îost
potent, if iîot lh, lic'îosI /'atut of the in-
fluiences which affect the fl ight of a bul-
let. Were it not for the retarding in-
iluience thus oflered, a bullet would go on
with undimninishedi speed regardless of
distance, and the differences of size,
shape or weighit wouild not niatter aný -
thiiîg, for ail projectiles sta; ting with the
saine velocity %would fo)llow the saine path
an(I traverse the saine distance, beiniz
broughit ta a state of rest by the force of

The resistance whicb hinders the on.
ward progress of a bullet in its flîght
through a still atînosphere varies witn its
diameter, its sectional area, its velocity,
its shape and steadiness during fi ght,
and the density of the atmosphere.

As regards the sectional areca it is
found, other things remaining the samie,
tbat the greater the area exposed, the
greater the resistance ; thus the sectional
area of elongated projectiles is cîrcuilar,
and the resistance they meet m ith varies
as the squares of their respective di-
ameters.

For many years the determination of
the velocity, or velocities of a projectile
at different points in its trajectory en-
gagred the attention of emînent men of
different nations, but their results were
to a certain exteni. enpirncal, and it is
only within the last thirt), years, when
electric recording instruments were emi-
ployed for determining velocities that
sufficient experimiental data has been
accumulated (rom which to deduce re-
sults useful for general application.
Omitting reference te early observers it
niav lie stated that Mons. Helie in
Fiance, and the Rev. F. Bashforth in
England, arrived indepenciently at re-
sults of great importance ; Mrî. Bash-
forth being at the uime lie made lis ex-
perîments at Woolwich an.d Shîoeburv-
ness, Professor of Applied Mathematics
to the advanced class of Royal Artîllery
Officers at Woolwîchi. Relative to these
results aiention will be nmade further on.

l'le shape of the head of a projectile
bas an influence on its forward motion,
for if it be curved or- pointed the air re-
sistance is less than if flat. Mr. Bash-
forth found that at a certain velocity if
the resistance to a projectile xith a hemi-
isplierical head be represented by unity,
the resistance teo otiers of the same
diameter, but wiîh heads of different
shapes, would be as follows :

I leiliispli<iril livail ........ 1
114-11, plieîjd ial e ....... 0,78
Ogival ' li;ii.ilivatl..... .. (t*iý.

îl>. 2 iliatiii. lîiui......... 0-7s
Flat lîe:14................. 1 , 

It nviy thus be seesi that the hemîis-
phieioidal, which is the shape of the
Sîîider bullet, and the ogival, %vhose head
is pointed and struck with a radius equal
to two diameters, encauniter cqtîal resisî.
ance, whilst the flat head nîeets with
/1.ie the resistance that they iiieet wih.

As prev'iotisly stated, the e'ements
affecting the fliglit of a projectile throtih
the atiîosphiee ary as its weight,
diainettr, shape of licad, velocity, and
the retarding influence t f the atiios-
pliere ; and Prof. llashifoith, fioiîî the re-
sults of his investigations, has prepared
a set of tables, by the use of which, the
weight, diameter and initial velocity bc-
ing known, the renîaining velocity of a
projectile at any unit of distance over a
given range can be determined ; and
froîîî such velocities the limes of fligiht
can be calculated, ana [tom îheiîî the
îrajectory, thie drop of the bullet and its
enerî!y and penetratî'e power, as well as
the angles of sight can be deterniined.
K.~As inuzzle, or initial velocity is a most
iiipoîtant faîctor in these ca!cilation!-,
being tlîe starting point for deternîining
t hepîaining velocies and tîmes of fliglîr.
il, Iiýay e well ta explaîn that it is ci _
tained nîechanically by means of ani in-
strument called a chronograph, of whicli
there are mianv kinds. not rbly those of
Prof. l»ashforth and Le Boulengé, the
latter having the most extended use, and
is the oneuetsed at the cartridge fatc(or%*,
Quebcc.

This instrument consists of two elec-
tro miagnets affixed to a vertical standard,
wvhich are each capable of sustainîng a
brass rod tîpped wi h ron, the suspend-
ing power being soeiegulated that it isî


