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DESCRIPTION OF A CHRONOGRAPH.

TgE resistance of fluids to the motion of solids is n problem of great
practics] and theorstical interest, because sometimes this resistance becomes
a sonrce of power, whilst at other times it is a large consumer of power
which would otherwize be usefully applied. Thus the action of the wind
upon sails is made to drive a mill ora sﬁip. The wind acting upon the sails
tends to drive the ship, and the resistance of the water is opposed to the

of the ship. The resistance of the water to the motion of the ocar,
the paddle, or the screw, enables the rowers or the steam engine to drive
the vessal. A very large part of the power developed in the locomotive ia
il;ﬁlnyeﬂ in overcoming the resistance of the air to the motion of the train.
uite recently it has been found that the friction of the tidsl wave is
ptnbn%]y alowly diminishing £he velocity of the earth's rotation about its
sxis. We are dependent upon the resistance of fluids for our power to
cross the ocean, for without that property we should not be able to use sail
or oar, paddle or screw.  Biill little 13 known with sccuracy respecting the
laws of the resistance of fluids. It ia extremely difficult to make satisfac
experiments on account of the great distarbance produced in the surround-
ing fluid, and as the mathematician knows neither the nature of this
distorbanee, nor the amount of resistance to be accounted for in particular
cases, he is not able to find ground on which to base a sstisfactory theory.
For a history of what has been done,it will snffice to refer to the articles,
“Ballistik” and * Widerstand,” in Geller's Physikalisches Wirterbuch,
1825 and 1842,

The resistance of the air to spherical balls, moving with high velocities,
has been & subject of special interest for more than a century, becanse it
. was of practical importance to the science of gunnery, and because it offered
a simple yet siriking instance of the great resistance which a very rare
medium would offer to s solid moving in it with a high velocity. Thus
Robins! states that Dr Halley thought it reasonable to believe that the
oppaosition of the air to | metal shot is searcely discernible, although in
small and light shot, he owledged that it onght and must be accounted
for. Rohins further states,? that a musket-ball, fired with a charge of half
its own weight of powder, would leave the gun with a velocity EWD f.5.,
and that, with an elevation of 45°, its range would be 17 miles in s
vacuum ; whilst practical writers on the subject say that the range in air 1=

1 Gunnery. Preface, p. 45. 3 p. 145,



2

short of half & mile., This resistance of the air p, depends upon the
veloeity v, npon the form, and upon the size of the moving body. When a
bady is at rest in air, the horizontal pressure tending to move it one way is
just eqnal to the pressure tending to move it in the oppesite direction. If
the body be put in motion by any foree, the pressure of the air tending to
prevent motion is greater than it was before in that direction, and the
pressure in the direction of the motion is less than it was before. The
difference of the pressures of the air before and behind the bhody is called
the resistance of the air to that partienlsr form of sobd moving with the
riven velocity : but as the pressure of the air in direction of metion
secrcasas rapidly ss the velocily increases, it is commonly neglected.

Thus, p is some fanction of the velocity #, as #(v), such that when the
body is at rest, or v = 0, wo have p =7 (¢) = 0. It is usnal to assume
that p can be expanded in & series of the form

p=aﬂ+5l?=+ﬂﬂa+dl"'+ﬂ'5+&0-

where a, §, e, &e. are {o be determined by experiment, and are dependent on
the form and size of the moving body, A

Newton's experiments gave p=25c%, and - gamemd =1l =0,
Hutton'’s gare....o.creaeneee p=ar+bt? md.. e=d=fe. =0,
Didion’s FaYS vevrssrrnsserer p:=H+a15. pod .. g == d = ko, == 0,
Colonel Mayevaki’s gave... p==bot + do%, und ., 6 =¢ = &e. =0,

It is possible that the resistance of the air, for a limited range of variation
of velocity, may be tolerably represented by one or more of the e formule,
but we must be careful not to assume that these formule must apply to all
velocities of the same body, or that the same law will hold for nﬁ forms of
bodies. Carefal experiments must be made so as to discover some empirical
law connecting the resistances of the air to bodies of simple forms and the
velocities with which they move, When this is well done, oll that is needed
for Pmntical use will have been cbtained. But, beyond this, the mathe.
maticien will have been provided with facts which may serve as tests of the
soundness of his theoretical investigations, and in the end he may succeed in
forming a theory of resistances on mathematical principles, and thua replace
our empirical formule with one that is true and genens.

Before the discovery of elestro-magnetism, the ballistic pendulom of
Robins and Hutton afforded the only known practical means for determining
the velocities of projectiles and the resistance to their motion exerted by the
air. This instrument is so well known that there ia no necessity for entering
into a minute deseription of all its parts, and of the precautions to be taken
in the use of it. snot is fired into a body at rest much heavier than
itself, to which it communicates motion, so that the twe move on together
with a common velocity which is cepable of being measured. Towards the
end of the last cenfury nwmerous cxperiments were made with the ballistic
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ulum, by Hutton,! st Woolwich, with 1, 8, and 6 lbs. spherical balls,
eir velocilies were messured at distances varying from 30 to 430 feet from
the gun, Experiments were also made at Metz with the ballistic pendulam
in 1839, &e. with balls of abont 8, 12, and 24 1bs® It was feund that
at 15m. (49 ft.) from the muzzle, the blast from the gun was very sensible.
The velocities of the shot were determined at 15, 40, 65, and 80 meires
(49, 146, 197, 295 it.) from the gun. Beyond 2905 feet the gun was not
sufficiently sccurate. Thus the law of the resistance of the air, dednced
from the later and more careful experiments, depends upon the loss of
velocity of spherieal balls moving, at most, throogh 246 feet. But it is
gz:s‘ible to make only one chservation on each round. Therefore if it be
ired to find the velocity lost by a ball in moving from 15 to 90 metres from
the gun, one shot must be fired at the pendulum at a distance of 16 metres,
and another at a distance of B0 metres; and, besides the errors in the mes-
surement of the velocitics at the moment of impact, there will be a donbt
whether the velocity of the second ball, at 15 metres from the gun, was the
same ag that of the first shot at the seme point, 'The initial velocity there.
fore enters into the question, and the only thing that can be deone in such a
oase is, to make wumerows experiments and trust to the smean of the resulte.
Hutton eonelnded from his experiments that the resistance of the air to &
spherical ball 2% inches in diameter, wos expressed by the formula,?

p = (-0000073 v — "0OL5) v (2E)P.
M. Pinbert* re-calenlated the cxperiments, and dednced the law,
p=0-030588 (1 4 -D025 ¢) +’xR? in French measures,

Afterwnrds M. Didion® examined them and obtained the law,
p= 0027 (1 4 00257 v) o®mRRE,

and M, Didion® gives us his fina! result, deduced from the Metz experiments,
p== 00027 (L + -0023 o) o2xB02,

concluding his * Lois de la Bésistance * with the remark on this formula:
* Elle pent done étre appliguée avec confiance su tir de tous les projectiles
sphérigues en msage.” It 19 quite plain that Hutton’s experiments could
not indicate any porticular law with great precision since such varied
ormulm have been deduced from them.

The objections to this mode of experimenting sre numerous end self-
evident. As the weight of the ball is increased, the vibration and shock
cansed in the pendulom must give rise to large errors.  With the increased
distance, there is the diffieulty of striking the pendulum so that there may
be 1o impulse on the axis of suspension, and no tendency to twist about a

1 Hation, Tracts, 1812. é

1 Didion, Traité de Balistiqus, 1848; 9nd Edition, 1861, Lois de la Résistance de ' Air, 1857.

3 Hutton, Tract 37, p. 229. 4 Didion, Tedith, 1848, p. 44,

* Didion, Traitd, 1891, p. 64, ¢ Didion, Traité, 1848, p. 52; 1861, p. 08; Lais, 1867, p. 79.
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vertical axis. Further, as e:tpenmen'ts have been ceommonly made, the shot
were not removed from the receiver until a certain number of rounds had
been fired, and thus the positions of the centrs of gravity and cenire of
cussion were in a state of constant variation. There was also the uncertainty
arising from the necessity for assuming that the average initial velocities were
the same for the same agarge and hlﬁ for different distances of the receiver.
The large guns now made cannot be experimented on with the hallistio
pendulum in the ordinary way.

I have been particular in referring to dates in what precedes, because
M. Didion's Traitd de Balistique is our standard work on the subject. The
theory of the edition of 1881 is practically the same as that of 1848,
depending, not only upon the same law of the resistance of the air, but
upon the same numerical formuls of resistance. The tables to facilitate the
practical application of the theory are also, to all intents, the same, We |
must therefore date this theory 1648, before the Crimean war, and before
the introduction of rifled ordnance and projectiles of a cylindrical form, It
is true that M, Didion does make some slight reference to small el
projectiles, diameter Om.119 (#-7in.} snd ﬁl-gﬂl Om.240 (94in.) for he
remarks, ““ On reviendra, section ix., sar les résistances de divers genres que
Vair fait éprouver aux balles oblongues; mais en affendant que des eapd-
riences précires  aient i dex reésulints wfauu nous
sdmettrons pour les balles oblongues pleines et pour les boulets nblonga,
un coefficient de résistance aux deux tiers de eelui de la balle sphérique,
cest-d-dire 4=0081 et p'=0-018 (14 0-00282); il en sera les trois-
guarts pour les balles ¢renses, comme celle du modéle 1859, dest-i-dire
égala HI}EG On adoptera, pour les boulets oblongs de campagne ot de

, le méme coefficient 4=0-018."" It is plain, however, that the
mtanc@ of the air to clongated shot depemla grmﬂgﬂupon the form of the
shot, and that something far more precise than the above is required,

It is remarksble that Hutton concluded from lhis expermenbs that, for
every 100 feet added to the velocity of & shot, there was an ine
addition made to the resistance of the air up to a ve]umt; between 1600 f.s.
and 1700 f.s., where it attained & maximum, Thus,in his table of the air'a
resistance to s ball of # inches in dismeter, we find*

Basistance
vel fa in oz & &g
1800 6833
400 s TI¥E .,
100 sap1  TLEE e
1600 10sgs  TM¥E g
1700 13284 T,
1800 13ess  TU03 g

1e00 15057 TIBTL gy
2000 1s37s 1831

1 Didign, Traité, p: 74, 1861, * Hutton, Tract 37, p. 516



This msserfed maximum is in itself improbable, and M, Didion!
declares that there is none deducible from Hutton’s experiments. Hutton's
attempt to account for this supposed maximum, by reference to the velocity
with which air rushes into & vacuum, is extremely fanciful—because the
after-pressure is not great to begin with, it diminishes rapidly as the
velocity is increased, but perhaps never entirely vanishes,

essor Wheatstone applied electricity to measure the velocities of shot
in 1840. Afterwards, several changes were made in his instrament,
Drawings were shewn in Paris, in May, 1841, and a copy was prepared for
Colonel Konstantinoff; but he desired to have an instrument by which he
conld determine the velocify of & shot af different points of il patk’
M. Breguet afterwards constrocted an instrument for this purpose, the
nce of which will he further noticed hereafter. This led to a
ispute between Professor Wheatstone and M. Breguet, respecting their
claima to the invention of the chronograph.® Ponillet attempted to
determine short intervals of time on the supposition that the deflection of a
magnet needle is proportional to the strength of a galvanic carrent, and to
the ﬁmeithndefoggonby the current. Himbjeuﬁedtn FProfessor
‘Wheatstone’s arrangement, snd made use of a going uniformly to
measure his time. It does mot appear that sny of these ehronographs Lve
come inte use, or that they have given results of any importance.

The electro-ballistic pendulum of Major Naver was invented about 1848,
but was brought prominently into notice only in 1855, Very various
opinions have been expressed respecting the value of this instrument. = The
Americans tried it and rej it on aceount of the irregularity of its
indieations. The Fronch wused it in 18566, 1867, and 1858, st Metz, ta
complete their researches on the resistance of the air, * Les résultats n’ont

¢été formulés, ils font voir qu'aux vitesses moyennes lp valenr de p' eat

& celle g:ﬁaﬂéjhﬁ'té donnée, mais que]mnrdasvitml:s plus petites

Ia résistance diminuereit feancoup plus rapidemenf que perla formule déja

obtenue (Art, 52, q. 7), et gu'elle décrottrait méme trop rapidement pour

&re dis maintenant admise”.* Experiments with umrﬁ'll arms were

. continued in 1857 and 1858, with new precautions, on which M. Didion
observes; “ Elles ont présenté, comme les précSdentes, une diminution
rapide dans les valeurs de p, et les résultata w'ont pas downéd une fo

on puisse appliguer au fir avec une enfidre comfiance™ . Others who

ve used the instroment have expressed a very high opinion of its acenracy,
It is undoubtedly a great improvement npon all instruments that preceded it
for muﬁ practical work, but it is wanting in that precision we are entitled
to ssk for when electricity is bronght to our assistance. It may well be
doubted whether anything has been contributed to our knmowledge of the
laws of the resistance of the sir by Major Navez's electro-ballistic pendulum,
or by the modifications of it by De Brettes, Vignotti, Leurs, &c. In 1861,
it is plain that M. Didion gave the preference to the resultsof the old
ballistic pendulum,

1 Didion, Traitd, p. 84, 1861
1 Miller, Berichte, p. 856, 1848,
3 Moigmo, Traité dn t6légeaphio
4 Didion, Traité, 1861, p. 71,



