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just sufficient 10 hold the rods in sus-
pension. These rods are of unequal
iength, the longer, which in limne of use is
covered with a removable tube of zinc or
copper, is called the chronometer-, and
the shorter rod is known as the r«r-is/rar.

In connection with this instrument,
which is set up and observed in an office
or special roonm, there is, at a distance
outsîde, a firing shed, and at a stated
distance therefromi a screen, usually a
heavy plate of iî-on, free to swing on
hinges afflxed to its top edge. Xhen a
test is 10 be made a rifle is secured in a
flxed rest in the firing shed, and across
ils muzzle a fine wire is placed, whiclh is
eleccriéally in circuit with the chronom-
eler, andi the iron plate or scî-een is
placedt in circuit wilh the registrar, b)oth
circuits passing through a " disLunctor,"
the use of which is t0 regulate the proper
falling of both rods, andi thus eliminate
error.

To use the instrument the rifle is loaded
with one of a lot of cartridg-es to be
tested, the chronomneter and regîstrar are
suispended by their respective magnets,
and ail commnmllications anîd adjustîn<ents
being in order, the rifle is flred. As the
bullet emerg9es froiw the niuzzle the wire
is sev'erecl, the circuit to the chronograph
i; broken and the chrononieter (ails.
The bullet passes over the inîtervenîng
space and sîrikes the iron plate, whicli,

swnigundth 1e blow, breaks the cir-
cuit to the regîsîrar, which (ails on a
trigger releasing a catch, andi a knife
actuateti by a spring is forceti forwvard
ald cuits or indenîs a mark on the tube
carrieti by the chronometer. Both rods
are cauglit in proper recel)tacles and the
chronometer is taken out, andi a mneasuire-
ment made wiîh a gradutated roti (rom
zero 10 the indent on the tube gives the
velocity in feet, or yards or mietres. 'l'hie
velocity ilîus oblaîneti is a mieari between
the actual velocîîy ai. the mtile anti that
at the screen or iron plate.

Usually the veloc-ities of ten carîritiges
are taken, the average of whicli îs ac-
cepteti as the velocity of the lot of which
the cartridges were taken as a samtple.

To enable a determinat ion beîng made
of the remaining veloci ties, Me ica-ejil-
Cienl (If i;t/airti/o,, must be determiineti,
and il is a very simple calculation, for wve
have only 10 divîde the square of the
diaineter of the bullet in inches, by ils
weîglt in pouncis, or expresseti algebrai-
caly-

where el represenîsthie diametet- in in-
ches and t, i'tle wei.ght in pouinds.

l'ie diameter of a MI. 1-. bullet is o045
inch, and ils wei ght 480 grains, thus-

il 2 < 1 N >

- = 2 95ï
which is a factor represenîing the amiotint
of retardation experieneti in passin,
lhrough Ilie almosphiere a distance of <lL

\eare now in a position, uising lXtsli.
toîth's tables, 10 determiine tlhe remnaming
velocities at any point iin the trajectory
of a M l bullet, andl for that purpose
wiII assumîe that ils milize, or iniltil;l
\velocît', is 130(x)fcc per second, ai(, that
velocities, îiîwe:, alic 10be d-eel mmcd
at Point,; .o yard.i'arat., ovc rila rtige of

5D3artis.
Ab the factor 2,()5-, represents thne îe-

plieti by i ;o, or tiie numiber of leed in zo
yards, w*.Il aitiouint t0 442*95. In tie
s/<rae table we finti 0pI)oýite iý;oo tile

Ntiiuili ................ l2,I74ss I)

1 ev.lvilig ............. .
an(1 by an inverse proccss we findtita
numnoer in the table rej)resenls I122,3.

whîch is the velocity at 50 yards. Agaîn
subtracîing 442-95 We obtain 4I,292'90,
which ii the tubular number for 1 155,
the velocity at îoo yards, and in this
mainner the remnaining velocities can be
determîned.

Ilaving fouind the velocities we are
able, wi'ah the assistance of the table for
lime, to calculate the " timne of flight "
of the bullet over the units of distance
selecied. In this table fur 1300, the
nutzzle velocity, we find the numnber
:?3,1 607 1, and opposite 1223, the velocity
at 50 yards, 2-1-2549, deducting which
we have '3522, and dividing tint number
(0'3522) by 2'953 (the factor of retarda-
lion), we obtain oî îS6 £econd as the
period taken by the bullet to pass I roin
the mnuzzle, a distance ot fifty yards. As
the velocity at i00 yards is in15 f.s., we
have only to deduct the tabular number
for tint amiount, Or 2308847 (ri-0 23 1 6071I
(which 1 s a constant amiotnQ), andi the
difference, 0'72-,4 dîvîdeti by 2(153 gives
0 2446 seconds, the lime occupied Iby the
bullet in passing over 100 yards, and in
this mariner the renmaining velocities can
be calculated.

The limes of fliglît over a 5oo yard
r.-nge havîng been determnined, the
heighîts from the place, or line of ain), 10
the îîajectory at eachi unit of distance, 5o
yards, miay be calculated; but here the
force of gravity has 10 be taken into ac-
counit. This force is uiniversal. and is
the tendencv of everyîthing 10 faîl in a
direct line bto te earth. If a bullet be
droppeci (rom a hieighit itstarts from a suite
of reEt, and at the endi of onesecond of timne
will have falen î6i feet, andi have at-
îained a velocity Of )*2 feet, and this
amouint. 32-2, is termied //ie w''r/n

Jore i ,';w/yand has for ils symbol
the letter -r 'l'lie distance through which
a body falîs in a given limie is deter-
mîined by the equation 1) - (,_'•g) t-2,
where 1) is the distance 10 be obtained,
.« th-ceeating force of gravity, or
,,2-2, and 1 the limie, or duration of the
fa l.

The hieiglits at the different p-ints 0on
the ttîxjectoiy for 5oo yards can be calcu-
laîcci by the forniula

î('•g) t1(1 -t),

whcre H is the leighî 10o be obtained, T1
the whole time of fibglit, and /t he luile
over a given distance. This will more
plainly appear when put mbit figures.
'[bus, the whole lime of Ili,-,li over 500
yards is 1-4747 seconds, andi the timie
over 5o yards o i 186 second, then we have

x~ 0, l 186 x ( 4747 -0"î8()-F135()
2'589 feet;

aI îoo vares thie fig tires will be

x, X024 4 6 x(I4747 - 02446-=1F2301)

4 44 f ecI, and in luis miner the re-
maining heiglits can be calculated.

'l'le following stateinent gives the te-
sults !romn the foregoing calctilaîions
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Thie Il drop '" of thec bullet is the dis-

tance îhrough whicb it (ails under the
influence of gravîîy atany point in ils
flight, and us deterniined by the formula
ý2 g t-2 :-usîng the results previously
obtaineti, the anîounts in the fifth column
of the foregoing table have been deter-
mined.

The angle of elevation is found by
dividing the "drop" aI 5oo yards by
i1500, the num ber of feet in 5oo yards,
the result being the natural tangent of
the angle required, which in this case is
o 0,23--, and (rom a take of natural tan-
gents ve find that this represents an
angle of i 20' 12".

A difference of one 4rraili of powder in
a cartridge will mnake a difference of ten
feet in tue muzzIe veiocity. According 10
the standard fixeti by the British Govern-
ment for the M-H cartriîge the charge is

8xé2 grains, or-one cartrîige may con-
tain 87 grains andi another 83 grains anti
both pass inspection, and yet the M-V
ofîthe flrst may be 1340 f. s., andi of the
latter i1300 f.s.

Let us see what effect this wvould have
on a riflemnaî.s score at 5oo yards, if
he had to ire consecutively two car-
tridges filieti as above.

For the 87-grain carîzidge we have a
M-V Of 1340 f. s.; tiien the i-emaining
velocity at 5oo yards will be 876 f. S.,
the "limie" over the range I *43,35 S(c-
ontis, andti he Ildrop '" cf the bullet ill
amlotint 10O-330855 feet.

For the 83-grain cartridize we have a
M,-V7 of 13oo f. s.; tlhen the remaining
velocity aI 5oo yards will be 864 f. s., the

uime"» ill be i *4747 seconds, and the
"drop " vll amnounitto 5 33 004 feet

tIlel' 3 50084 -33 08 5 5-=19229 (cet, or 23
inches, wvhich wîll be the dîfference in
position of the two shots on the target,
always assumiing tint both were fiied un-
der the same conditions of holding, ai,
etc.

Froni Ibis illustration //mne things may
be gathered (Ci) a reason for unaccount-
able Ildrop" shoîs, (2) that 10 ensure
uniforiiy in shootng-other things be-
ing e(lual--aIl carîritiges must contaîn
exactly the stipulated weight of poAder,
no mioie, no less, andi (3-) that the longer
thie range the grealer will be tue differ-
ence between the points of impact on the
tai-get.

Retardation is increased or dirninisheti
by changes in barometrîc pressure, and
variations in thee hcight of the thermomie-
ter ; anti il is further affected by the
amiount of nîoisttite in the atmosphere.
P'rof. Hýasbforth's tables wei-e calculated
on tuie assumption that a cubîc foot of
dry air at a lemiperature of 62' Fahr.,
andt a haronîetric pressure of -0 inches
of miercurv, weighs 534'22 grains.

When the bai-ometer rises above or
fails below 30 inches, the eight of a
cubic foot of airis(iiiiinislied or încreased,
and a furîher change takes place as the
thermioîneter varies fromi 62 . 'T'le change
due 10 moisture conîained in the air so
(ai- as il affects so sniail an object as a
nuie builet, nmay be tiisregarded.

As the co-efficient
d

was dcternîîned un(ler th-e condiitions as-
sinie(1 by P rof. Ba.sliforth, il wvill be
necessarv wlien extreine accuracy i5 re-
quireti to 1rl(lify ilto suit chan-ed con-
dlitionls o44ah ios>hlelil-lpressure and ltcm-
perature, but as suich cah ulations re-
quire the weight of a cu5'ic foot of the air
existiiig at the tinte of thîe tîî1al, anîd re-
course l)e hadt i iieteorological tab)les
for coirr-ctions for teîîîpeîatuîre andi
îiîoisluî c, calcula'.ioiîs wlîîch are leyond
tie scope of tlîis palier, reference is only
mnate thereto ; but It niust bce bj)ne in
iiiind Iliat a chaing'e in
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