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TrE experiments made with the Bashforth Chronograph in 1867-68,
to determine the resistance of the air to the motion of projectiles,
showed that this resistance to similarly shaped shot varied as the
squared of their diameters, but that the resistance to a given shot did
not vary according to any simple power of the velocity. The most
convenient form in which the resistance could be expressed was found
to be 20+, where v is the velocity of the shot expressed in foet per
socond, and B ie & coefficient which w slowly with ».
Tables of values of vand & were derived from ex; ta
made with spherical between velocities 850 and 2150 1. 5.3 and
with elopgated ogival-headed maﬂm hetween vélocifies D00 and
ERticacty B ol et b fosth.  Tho syt iopped o

iently or ical purposes. experiments st at
& veloeity about 300 I. =., becauss the trajectory becamwe wmuoch
and the resulta obtained withmmlﬁﬂfw were not sstisfactory
for lower velocities. The reports of these somme other experiments
wﬂ%;‘hs same chronograph were printed and published in 1870%

In 1877 it was decided to continne these experiments with ogival-
headed shot moving at low velocities. The ecreers were placed 75 feet
3&11, instead of 150 feet as before. They were 16 in number, instead

10 as before, many of them being rouch higher. The threads of the
chmg'esﬂm hmzna:dm?]h mmlﬂ‘:ﬂtm epres M thﬁe

the ifficulty in carrying out the
experiments with low velocities.

As the reaistance of the air had been found to vary as the square of
the diameter of the shot in the former experiments, it was decided to
make use now of only cne gun, rifled with a rapid twist in order to obtain
-steadiness in the shot fired with & low initial velocity, sud aiso to obtain
resulta corresponding to those which might be &::Emd to be derived
from the terminal motion of & shot fired whhahitgheiuitjulveloui' from

small 7 pr. R.M.L.

an ordinary service . The palectod was
gun, firing hollow- of weights varying from 681 to 6-661bs. The
® Beports on B msade with the Baahforth bo determine
the Reustance of Air to the Motion of jectiles, 1870. Loudon :
‘W. Clowes snd Son ; Harrieon and Soms; W, H. and Co.; W. Mitchell ;
and Co.; Triibner and Oo. Edinburgh: A. C. Black. Dublin:
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shot weore 2'94 inches in diameter, but as the gas—check econtinmed
attached to the shot, d was taken equal 2-97 inches., Rounds.412-438
were fired through all the 16 ecreens. For rounds 430448 the
screens Nos. 10, 11, and 12 were loft out. The heighta at which the
screens wore cut were carefully noted after each round, so as to give
the means for ferming an aversge tr&]actmy for each charge used.
Thus the exact velocity could be obtained, because the chronograph
gave the fimes between successive screens, and the average trajectory
gave the spaces travelled over by the shot in those times, In order to
obtain the resistance of the air to projectiles moving with still lower
velocities, rounds 449460 wers fired from the 6-3-inch howitzer, the
screens Nos 6-11 having been removed. By interpolation, it was found
at what times the projectiles were due at each screen, and thea the times
over the central screens, where the motion of the shot was nearly
horizontal, were used in calculating the coefficient 3.

The chronograph was et up at Shoeburyness on the 18th of June,
1878, and ex Emts were carried on dnring the following three days,
but with little success. In the first place, induced currents interfersd
with the working of the instroment. Then it was found that the shot
3 inches in diameter often passed between the threads only cne inch
apart without bresking vue, and the gne-check sometimes laft the shot
in its flight. The rounds fired with 12 and 8 oz. charges were reduced.
Some of the results were good, and somg bad. The records obtained
from rounds fired with & and 4 oz. were 50 defective that they conld
not be reduced with a prospect of amy trustworthy result, The only
way to proceed seemed to be to reject all those ronnds rather than make
a sclection of what appeared to be good.

The screens were afterwards formed with sewing cotton inetead of
linen thread, but still, at low velocities, the -inch shot often passed
through & gcrecn without breaking a thread, It therefore seems
desirable, in experiments with low velocities, that something should be
attached to the front of the shot, which, while it did not sensibly affect
the resistance of the air to the shot, wouold secare the breaking of the
wires or threads of which the screens are composed, Tho whole of the
subaaquent rounds were reduged where possible, snd the resulis have
been stated in all casos in the following tables. It ssemed deairable
to mje(]:lt m defective muu;:]!n,h-ﬂ{l and 431, ﬂTlaE),m;“ t.il; S-inch

, Whi to give too high & resistance. or the same
%u. two ronnda frogw.lm the B'Eiiuch bowitzer, 465 and 460, were
w;ect@d. for thoy indicated s resistapce much too great in comparison
with other rounds. This may have arisen from some error or from
groat nnsteadingss of the shot.

The lower the velocity of the shot the lesa the motion of the shot
is affected by the resistanco of the air. This, added to the iucreased
curvature of the trajectory of tho shot for low velocities, reuders the
correct determination of the resistance of the air a matter of
labour snd difficulty at low velocities, A reference to Table II
show that the values of K, for velocities below 550 f. 5. cannot be

considered to be mncinaively determined because they depend upon so
fow rounds. The results have been given aa they presented themsel ves,
and they appear to agree with the more trustworthy resulta obtained
with higher velocities. If thess values of K, may be relied upon, the

reaistance of the air vaties as the spuare of the velocity for velocities
430 to 880 [, 8., and as the cube of the velocity from 880 to 1000 f. 8,
As the resietance of the air has only a slight effect upon heuvy shot
moving at low velocities, it is probable that, i thia raspcc:, all has been
sccomplished that ia of practical utility, :
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In conssquence of recent improvements in guns and powder, giving
ghr:u.t.ly increased mozzle velocities, it was thonght desirable to determine
the values of &" ur K, for all possible velocities above 1700 f. s.

Rounds 461463 and 470-482 with ogival-headed shot, rounds 484466
with flat-beaded shot, rounds 467469 with hemispherical headed
shot were fired from Armstrong’s new 6-inch B.L. gun, through
12 equidigtant screens (150 feet apart), These roonds gave values

of K, or b for ogival-headed -shot up to 2250 f. 8. These values of

K, or &' appear to be continually tending 4o become eonatant as the

velocity incresses up to 2250 f. 5. In default, therefore, of experi-
ments with higher velocities, we may consider K, to continue
constant and equal Ky, =666 for all velocities of ogival-headed
projectiles exceeding 2250 f. s. For suppose a shot fired with
s mnzels velocity of 2500 f. e, this would be reduced in a very short
interval of time below 2250f. 5. whers the coefficient is known from
actual experiment,

During some of these experiments, two Le Boulengé chronoscopes
were o in addition, t0 messnre the velocities of the shot at 150 and
1650 feet from the gun. The following are the resnlts given by the
two instroments :—

¥o. of Koumid.

mlu.u mlm ﬂlmlmim m!m

foo | fm | En | fu fon | fim | L | fe. | La | fa
Banbforih .. .. 1546 | 1835 | Ip42 | 1905 | 16sT | 120 | 138l | lels | Mie | Ivod
Boulongé ... .| IP47 | T92E | TRE | 1907 § 1EE2 | 1860 | 1SIT | 190% | <1TTE | 17EE
Dferemos ... w 1| -7 +8| +2|—1| w28 o] e[| +1
Rwhforth .. .| — | v | wrao| — | 1se0|.1mo1 ! 1eem | neme | mes | —
Bowleagé ... .. DERZ D IV —_ — - —_ Lhén — — —
Difforence .o gt I_+ 1 - 81

Complaints were made of the strange vagaries of the instrumenta
during somo of these experilnents, Now the Bashforth Chronograph
requires only one short galvanic circnit passing throngh the clock and
chronograph, and one long eircuit pnsamf throngh all the soreens, and
no difficulty of the nature complaiaed of has been ienced before.
But the use of the two Le ﬁ}mlsngé instruments brought in four
sdditivnal gelvenic currents. The disturbance in the instruments must
therefore have arisen from induced currents caused by the conducting
wires haviug semewhere been too near together.

I the former experiments the value of &' was given in tables under

the form 2000 b';_”', but it hes since been found more conveuient to

express it uader the form K, = 2b'5, x (1000). Thus the employ-

ment of many useless decimal places is avoided, while the same
gignificant digits are retained. The method of finding &' hae been fully
explained at 56 to 60 of the published Reports.

The valnes of & obtained from the experiments of 1867-8, have been
combined, a8 far a3 possible, with those of 1878-9.

All particulars respecting each round have been stated in Tables
I and II.
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In Tables 11T, V, VII and IX the values of K, obtained front each

round have been arranged under their proper velocity v; and from
theso the mean vnimncﬁexﬁ have been obtained. b

These mean values of K, were then plotted, and corrections were
applicd, which were afterwards further adjusted by differencing, These
results are given in Tables IV, VI, VII[ and X.

Every possible assistance was piyen at Shoeburyness. Captain
('Callaghan, R.A., Assistant Superintendent of Experiments, or Captain
‘White, R.A., then Socond Assistant, tosk charge of the gun and screens.
And Captsin C. Jones, R.A,, then Second Officer in the Experimental
Braoch of the Director of Arti ’s Department, Oaptaio Morley, R.A,
Proof Officer, R.G.F., and Captain lintock, R.A., Secretary tothe Sub-
Committes on Tron Plates, tuok charge of the chrono , and read off
the records, which were then sent to me for reduction. @ experiments
appear to have been carried out very carefully and socceasfully. The
results with high velocities are quite conclusive. But the results with
low velocities are not gnite so satisfactory, becanse the rounds fired
ware not aufficienily numerous, and because the shot freqnently passed
throogh the screens without breaking a thread.

If further experiments with low velocities were to be undortaken,
it would be advisable to place (1) from six to eight screens uear the
gun, at intervals of 37} feet, in order to secure correct muzzle velocitiea;
and (2) two cauvas screens to sccure the exact initial directions of the
shot. Distaut screens would have to be nsed to obtain the exact times
of ﬂﬁh‘t over known spaces. '

e following is acopy of the Shoeburyness Meteorological Register
for the days of experimenting :—

Thermometer.
Baromster.
Wot, Dry.
inches. Degress F. | Degrees ¥,

1878. September 13 .. 80-10 51 56
" . 2.0 296 46 60
,. . 26.. 2990 41 49
" " 27 .. 3005 42 49

, October B1.. 2980 87 88
» November 1.. 29-85 41 42
» December 4,, 80-15 85 87
5 % b.. 3005 83 85
1879, March .. 30:05 45 46
- & 8. 8015 42 46
" " 7.. 2995 37 89
o W I 3040 a 42
» ' .. 3025 42 45
" » 12.. 20-40 40 43
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. Inthe reduction of the iments of 1867-68, the weight of & cubic

foot of air was taken to be O'Gpsqbuttheaea;.l:ﬂ-imantahsmbem
reduced on the supposition that it weighs 534-22 gra., which is the
weight of & cubic foot of dry sir at 627 . under & pressure of 30 inches
of mercury. The old coefficients have therofore been increased in the
ratio of 530-6 to 58422, or, sa 1 to 10008, ur, they are ircressed by
abont the 2-300ths of their former value, 2

1 have the hanor to be,
Sim,

Your chedient Sarvent,
FRANCIS BASHFORTH,
Zate Profsssor of Applied Mathematios
o the Advanced and Referee
to the Late Ordnance Selsot
Commities.

To Major-General F. 4, Comphell, RA., CB.,
Direetor of Aﬂiﬂaz and Stores,
Woolwich.




{Shot with Ogival Heads).

Rerory VIII—Tamz 1
Showing the Timea of the Shot passing through the Screens.
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