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On the _Electrostatic Effect o.f a Changing Magnetic Field. 
By J. M. KUEHNE. 

I N the development of Maxwell's Electromagnetic Theory 
there is implied, if not directly expressed, the existence 

of four distinct mutual effects between electrostatic and 
magnetic phenomena, some of which have to this day eluded 
experimental verification. While it may not be said that 
the value of the theory depends to any very serious extent 
upon the demonstrability of these assumed effects, yet a great 
theoretical interest attaches to the question whether the 
foundations of this theory, which has sho\vn such pheno
menal fruitfulness in directing research, can be experimentally 
established. 

~rhe four assumed effects are :-
1. A moving electric charge produces a magnetic field. 

· 2. A moving magnetic pole produces an electric field. 
3. A changing electric field produces a magnetic field. 
4. A changing magnetic field produces an electric field. 
In all four cases the difficulty in the way of experimental 

verification lies in the extreme smallness of the force which 
is finally to be observed and measured, together with the 
comparatively very large disturbing forces which must come 
into play when electric charges and magnetic fields of suf
ficient magnitude are used to make the effect sought for at 
all observable. This is shown at once by the fact that in the 
denominator of the formula in each case there enters the 
well-known v of Maxwell. 

Of these four effects the first was demonstrated by Rowland 
in 1876, the third by Eichenwald in 1903. The converse 
effects (2) and ( 4) have, so far, resisted all attempts at ex
perimental proof. The electrostatic effect of a changing 
magnetic field may be considered as derivable from Row
land's experiment, if the assumption is made that motion of 
the electrostatic lines of force relative to the rether is not an 
essential condition of a inutual magnetic and electrostatic 
effect; but the justification of such an assumption is by no 
means clear. It was the hope of giving a direct and un
equivocal proof of the existence or non-existence of the last
named effect that prompted the present research. 

Several previous attempts at the solution of this problem 
have been published, 'the results, however, being either non
committal or apparently directly contradictory. The first of 
these attempts was made by Sir Oliver Lodge* in 1889. 

4 Phil. Mag. [5] xxvii. p. 469. 
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The experiinent consisted 0£ suspending two charged mica 
or gelatine vanes fastened to the ends of a light rod, after 
the manner of a very delicate torsion balance, inside and in 
the plane of a large magnetized ring placed vertically, and 
then reversing the magnetization of the ring synchronously 
with the natural period of oscillation of the vanes. The 
experiment was believed to have yielded positive results ; 
but the fact that it was purely qualitative and that no data 
are available for deciding whether the observed deflexions 
were even remotely of the order of magnitude demanded hy 
theory makes it at least very doubtful if one or more of the 
very numerous disturbing forces ""ras not entirely responsible 
for the effects observed .. 

Cremieu * in 1900 published an experiment in 'vhich an 
attempt at a quantitative determination was made. His 
apparatus consisted of a charged disk of aluminium suspended 
horizontally by a light glass frame between the flat ends of 
two spools of wire, thus constituting a parallel plate con
denser. A straight soft iron core passed through the tV\70 

spools and through a large hole in the suspended disk. The 
frame supporting the disk was pivoted in jewelled bearings 
set into the ends of the bar magnet, and was supported 
partly by a very thin and long silver wire, partly by a float 
resting in a vessel of water underneath. By reversing the 
direction of n1agnetization of the magnet alternately with 
reversals of the charges on the condenser, a steady deflecting 
mo1nent should be produced, whose value is 

dN Q 
L= dt . 271"' 

where Q .is the charge on the disk, expressed in electro
magnetic units, and N the magnetic flux through the magnet .. 
With n reversals per second this becomes 

L= nNQ. 
71" 

Cremieu omits the factor 27r in the denominator, and calcu
lates a de:flexion, as observed by a telescope and scale at 
110 cm. distance, of 100 to 140 mm., whereas he is unable 
to observe any de:flexion whatever. From this he draws the 
conclusion that no such electromagnetic effect exists. Ac
cepting the value (6 to 8 X I0-4 c.G.S. unit) of the deflecting 
moment calculated by Cremieu, it is by no means certain 
that even the slight friction of the jewelled bearings would 

* Coniptes Rendutr, cxxxi. p. 578. 
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not be sufficient to prevent all 1notion. More i1nportant than 
this friction is the directive mornent due to the mutual elec
trostatic attraction of the condenser plates. It is mechani
cally impossible to construct plates so absolutely symmetrical 
that the directive force due to a non-homogeneous electro
static field is not very many times as great as that of a 
delicate suspension fibre such as Cremieu used, and on the 
basis of whose 1no1nent of torsion alone the expected de:flexion 
is calculated. The apparently negative result would there
fore be unconvincing, even if, according to theory, a deflexion 
should take place. But this is not the case. A simple 
calculation* will show that the magnetic effect on the 
charging current, which passes down the suspended frame, 
through the magnetic field while at its maximum value, each 
time the charge on the plates is reversed, "'ill produce a 

* Let the charging current dQ/dt pass along an elementary arc dl 
whose radius is r measured from the '~pole" of the magnet as centre, 
and the plane of the arc passing through the axis of the magnet. The 
force perpendicular to the plane of the arc -w-iil be : 

dF dQ, d H . = ilt. l. 

dQ ni = -lt . dl . .. :l ' c r 

where II is the intensity of the magnetic field, and ni is the strength of 
the pole. 

The elementary moment around the axis of the magnet is then: 

dQ ni . 
dL = ·- - . dl - sin £l 

dt · r · v 

dQ . d == dt . ni Slll (J .(J, 

\vhere (J is the angle between rand the axis of the magnet. Now since 
the average value of dQ/dt is 2nQ, where n is the number of reversals of 
the charge per second, and since rn-==N/4rr, where N is the total magnetic 
flux from pole to pole, we have: 

dL= n~N sin fJ d(J, 
21T 

v.,'hich is seen to be independent of 1-. 
The total moment exerted on a conductor carrying a current of average 

value 2nQ from a point on the axis beyond the pole to a point on the 
middle of the magnet will be, regardless of the path, 

L nQN i1T' . n d8- -nQN = 
2 

Slll v - , 
7r 7r 

0 

which is the same in magnitude as the moment exerted on the charge 
Q by n reversals per second of the magnetic flux N. That the directions 
of the two moments are opposite is easily seen by applying the familiar' 
" motor '' and " d vnamo " rules . ., 
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moment in the opposite direction whose value is the sa1ne as 
that due to the effect sought for. 

The only other published attempt is that of Whitehead* in 
1905, following a suggestion by Kolacek. The method of 
Whitehead's experiment is so crude as to make it entirely 
incapable of detecting an effect as small as the one sought 
for. It consists of suspending a block of dielectric (rock
salt) by means of long silk fibres bet\\·een two oppositely 
charged plates in the magnetic field of a solenoid, and looking 
for a ballistic throw when the direction of the magnetic field 
is suddenly reversed. The motion, as calculated, should be 
of the order of 10-6 or 10-7 cm., and is of course too small 
to be detected by even the most delicate optical means. 

Present Research. First Method. 
In my own attempt to solve the problem I have employed 

two distinct methods. The first of these was considerably 
simpler and more direct in princip]e, and although it just 
fell short of yielding the desired solution, yet on account of 
its bringing the problem more clearly to mind, and also 
better exhibiting the experimental difficulties in the "ray 
of an ultimate and unquestionable solution, I have taken the 
liberty to include a brief description. 

The apparatus was constructed as follows :-A charged 
body in the form of a light hollow cylinder (C, fig. 1) of 

Fig. 1. 

mica or paper, 6 cm. in diameter, and 6-9 cm. long, open at 
both ends, was fastened to a long slender rod (R) as axis, 

* Phys. Zeit. -vi. p. 474 (1905). 
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being held coaxial with the rod by means of a single disk, 
also of mica or papere The rod was suspended vertically by 
stretched phosphor-bronze ribbon attached above and below 
to torsion heads. The rod passed through holes drilled 
through the pole-pieces (PP) of a large electromagnet, which 
were so shaped and placed as to project into the suspended 
cylinder at both ends, leaving only a 6 mm. air-gap for the 
disk. In this way a very large magnetic field could be made 
to pass through the cylinder parallel to its axis, while the 
cylinder itself was free to rotate about its own axis. The 
cylinder was covered with gold-lea£ to render it conducting, 
and was connected to earth together with the rod, suspension, 
and magnet core. It was charged inductively by means of 
a somewhat longer cylinder of hard rubber, 7·6 cm. internal 
diameter, set coaxial with it. The hard rubber cylinder was 
coated on its inner surface with tinfoil, and charged by being 
connected with one terminal of a high potential battery, the 
other terminal being earthed. If now the movable cylinder 
is charged + and the inagnet is suddenly excited so as to 
make the upper pole a N pole, the cylinder would be expected 
to suffer a rotary impulse in the direction east, north, west, 
south. The magnitude of this impulse can be calculated as 
follows:-

Let N =the magnetic flux through the cylinder. Then 

dJ: =the E.M.F. induced in one turn of a conductor sur

rounding the cylinder, and the intensity of the electric field 
tangent to the cylinder is 

1 dN 
F= 27rr·dt. 

Hence the instantaneous value of the moment exerted on 
the cylinder carrying a charge of Q electromagnetic units is 

Q dN 
L=rQF= 27r.dt, 

or the total rotary impulse due to a change in the magnetic 
field of N lines is 

NQ 
lw=-, 

27r 

where I is the moment of inertia of the cylinder and w the 
initial angular velocity imparted to it. 
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If T is the perio<l of one co1nplete oscillation, the angular 
thro\v, assu1ning har1nonic inotion, is 

TNCE' 
0

= 47T2 l x 9 x 1012 ' 

'v here C is the capacity in electrostatic units and E' the 
charging E.M.F. in volts. 

With a scale distance D the deflexion, as read by telescope 
and scale, is 

d= 1)TNCE' . 
27T21x9x1012 

The first i1nportant difficulty encountered in the experiinent 
was due to inability to find any 1naterial for making the 
nlovable cylinder and axis which "'ras sufficiently non-magnetic 
not to be violently affected by the enor1nous magnetic fields 
used. Glass, wood, celluloid, alu1niniu1n, brass, and copper 
rods were tried, and numerous specimens of inica, and later 
paper, were used in making the cylinders. A thin rod of 
copper wire, carefully freed from surface conta1nination by 
leaving it in concentrated HCl for a day or two, and cylinders 
of pure unsensitized photographic paper, or good clear writing
paper, proved more nearly satisfactory than anything that 
was tried. With such a cylinder the purely magnetic de
flexions could generally be brought within bounds, by care
fully adjusting the position o.f the cylinder with reference to 
the magnet, by 1neans of the adjustable torsion-heads. 

A ne-\.v difficulty arose vvhen the cylinder was charged; 
for the t'1vo cylinders are in a position of unstable (~quilibrium 
with respect to the electric attraction between them, and only 
by having the suspension fibres stretched quite tight, and 
then carefully adjusting the position of the outer cylinder, 
was it sometimes possible to keep the suspended system 
approximately balanced, and moderately free from magnetic 
influence, while it was electrically charged. 

The experimental difficulties naturally increased with in
creasing strength of magnetic field, magnitude of charge, 
and sensitiveness of suspension. The largest total magnetic 
flux attained "\vas N = 300,000 lines, the highest charging 
potential "\Vas E =3000 volts, 'vhile tpe capacity, as calcu
lated from the dirnensions of the cylinders, 'vas C = 10·2 
electrostatic units. The other quantities entering into the 
formula "'ere:-T = 10·3sec.,I=18·2 g.cm.2, and D = 318 cm. 
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Fro1n this the deflexion due to the electromagnetic effect 
should be about · 1 mm., or the difference between deflexions 
in opposite directions ·2 mm. No such small difference could 
1Nith certainty be determined, as the variations of individual 
rRadings were generally much larger*. Although slight 
iinprovements could probably be made and the nlagnitude of 
the deflexions son1ewhat increased, still the present method 
seemed incapable of yielding a decisive result, and a new 
and considerably different plan was adopted. 

Second J.Vlethod. 

The form of apparatus 'vhich finally proved successful is 
constructed as follows :-One of the conductors of a parallel 

Fig. 2. 

s 

r 

b 

r 

s 

plate condenser is built up of 20 rings of 
thin varnished cardboard, inside diameter 
10 c1n., outside diameter 18 c1n;(a, a, fig. 2). 
A strip 2 cm. in width along the inner edge 
of each ring is covered with silver leaf. 
The rings are fastened parallel to one 
another and about 9 min. apart by a light 
wooden frame (b, b ), and the frame is sus

b pended by fine wire and phosphor-bronze 
ribbon ( s, s) fastened above and below to 

--1-1-a torsion-heads and stretched tight, the rings 
the1nsel ves lying horizontal. The other 
portion of the condenser is stationary and 
con~ists of 21 rings of thin hard rubber 
(p, p), inside diameter 8 cm., outside dia
meter 14 cm., placed so as to alternate with 
the suspended rings. A 2 cm. strip along 
the outer edge of the hard rubber rings 
is covered on both sides with tinfoil, and 
the rings the1nsel ves are held in place by a 
hard rubber tube (q, q) of 8 cm. outside 
dia1neter. Through the centre of this tube, 
and not touching it, passes an iron core 
( 

1r, r) about 6 cm. in diameter' built up of 
fine shellaced wire. This core f or1ns part 
of a closed rectangular magnetic circuit 

* On one occasion three series of readings gave remarkably consistent 
results, each series consisting of from 12 to 20 pairs of readings. How
ever, the observed difierences were very considerably larger than would 
be demanded by theory, and the results were never duplicated. The 
whole apparent consistence of results can, therefore, have been due only 
to a series of coincidences. 
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(fig. 3), the remainder of the circuit being built of best 
transformer sheet iron. The inner dimensions of the 

Fig. 3. 

rectangle are: height 26 cm., width 23 cm. The con
denser and the portion of the magnetic circuit passing 
through it are enclosed in a wooden box (B, B) lined with 
tinfoil, in order to protect the movable part of the condenser 
from air currents and electrostatic disturbances. The moYable 
part of the condenser is earthed, the stationary part insulated. 
The magnetic circuit is energized by means of two exactly 
similar coils (C, 0) placed around the horizontal parts of the 
circuit outside the box. The current used is a 110 volt, 
60 cycle alternating current. The condenser is charged by 
the secondary of a potential transformer, the primary of 
which is connected in parallel with the magnetizing coils. 
The charging E.M.F. is thus very nearly 90° out of phase 
with the magnetic field. 'fhe effect of the magnetic field on 
the charging current passing to and from the movable part 
of the condenser along the suspension wire and frame is 
practically avoided by having the magnetic circuit closed so 
that there is never an appreciable magnetic field along the 
path of the current. The maximum result which this electro
magnetic force can have is to entirely annul the effect sought 
for in the present experiment (see p. 463, footnote). In the 
present arrangement, therefore, it could have no more serious 
consequence than to reduce somewhat the observed defiexions. 
That this reduction has in fact been very slight is shown by 
the results of the experiment. 
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Calculation of tile EJf ect. 
Let N = magnetic flux through the condenser. 

Q = quantity of charge, in electromagnetic units. 
C . 

= capacity, ,, ,, ,, 
E =charging E.M.F., ,, ,, ,, 
F = electric intensity, ,, ,, ,, 
f = force, in dynes. 
t = moment, in dyne-cm. 
n = frequency of alternation. 
() = phase angle. 

Also let N, E, &c. indicate instantaneous values. 
A /\ 

N, E ,, ,, maximu1n ,, 
N, E ,, ,, average ,, 
N, E ,, ,, effective ,, 

The instantaneous E.M.F. induced in a single turn of a 
conductor encircling the n1agnetic field is dN / dt, and the 
mean value at any instant of the electrostatic intensity around 
a circle of radius r, is 

· dN 1 F=-
dt 2rrrr. 

The force exerted on the quantity dQ, distributed evenly 
along an elementary annulus of radius r, is 

• • 

t:..f = dN. t:..Q. 
dt 2'1Tr 

The elementary mo1nent is 
• • 

dL _dN dQ 
- dt . 27r' 

and is independent of the radius. Hence the total moment 
exerted on any number of charged annuli of any width is 

· aN- Q L=- -dt . 27r 
• • 

_dN CE 
- dt . 27r 

• • 
Assun1ing both N and E to vary according to the sine law, 

we have 
• A 

E = E sin() 
• A 

N = N cos 8. 
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Hence 
A. A 

I. _ NCE .· 2 e dB 
j - 2 Sln -d-

7T t 
A A 

= NOEn sin2 0, 
since d(J /dt = 27rn. 

Now the average n1oment over one complete cycle is 
A A 

- NCEn f 2
1r 

L =. 2~ Jo sin2 0d0 

h A. 

= 1/2NCEn . 

. Since this for1nula expresses the moment directly in tern1s 
of the magnetic flux and the charge, it would seem to be the 
inost natural one to use. It was in fact employed in all the 
earlier calculations of the present experiment. The quantities 

A A 

N and E have to be expressed in ter1ns of 1neasurable 
quantities as follows : 

A. 

E =Rv2E1X 108
, 

where E 1 is the effective E.M.F. in volts impressed on the 
pri1nary of the transformer, and R is the ratio of transfor
mation. 

.. 

Av dN _ 4nN _ ·901E2 x 10~ 
• dt - - T ' 

"r here n is number of complete cycles per second, and E 2 is 
the effective E.M.F. in volts induced in a coil of T turns. 
From this 

A "901E2x108 

N = 4n'r · 

On account of its greater convenience of application to the 
experi1nental data the following formula was given the 
preference in all the later computations. 

Let E 2 =the effective E.M.F. induced in a single turn of 
a conductor encircling the magnetic field. Then the mean 
value around the circle of the " effective" electric intensity 
• 
IS 

F= -~~- . 
27rr 

Also let E 1 =the effective charging E.M~F. Then since 
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E 1 and E2 are very nearly of the same phase the force is 

or the inoment 

E2 C f= 2 . Ei, 
7rr' 

L _E2CE1 
- 27r • 

The two formulre must evidently yield the sa1ne result, but 
the second has the 1nanifest advantage of requiring inerely 
two volfaneter readings, together with a determination, once 
for all, of the capacity. 

lilethod of ()bservation. 

The capacity of the condenser was detern1ined by charging 
and discharging by n1eans of a rated tuning-fork ; using a 
storage-battery of known E.M.li-,. for charging, and measuring 
the rate of discharge by means of a galvanometer of known 
sensitiveness. The following is a speci1nen determination:-

Sensiti veness of galvanometer... 525 X 10-10 amp./cm. 
E.M.F. applied .. .. .. . . .. . . . . . . . . . . . 5·04 volts. 
Frequency of tuning-fork . . . . .. 89·1 vibr./sec. 
Deflexion produced . . . . . . . . . . . . . . . 8· 50 cn1 . 

. ·. (}apacity . . . . . . . . .. . .. . .. . . .. . .. .. . . 9·9 x 10-10 farad. 

The induced E.l\i.F. (E2) was obtained by means of a coil 
of 50 turns and of the same diameter as the condenser rings, 
placed in the position occupied by the charged condenser 
rings. A table was prepared giving the values of E 2 when 
different E.M.F .'s "\vere impressed on the magnetizing coils, 
so that during the experi1nent it was only necessary to 
observe the voltmeter "\Yhich was left applied to the magne
tizing circuit. 

The charging E.M.F. (E1) was determined by observing 
the E.M.F. in1pressed on the primary of the potential trans
for1ner, whose ratio of tranforn1ation (20 : 1) was known. 

Both E 1 and E 2 were thus n1ade to depend on the same 
A.C. voltmeter, and this in turn was co1npared with a Weston 
laboratory standard voltrneter. 

In attempting to observe the elect.romagnetic deflexions 
with this form of apparatus the only serious difficulty en
countered '\Vas due to the electrostatic attraction between the 
condenser parts. This caused a directive moment to be 
exerted on the 1novable part, which was usually so large as 
to completely overshadow the effect of the su.spension wi~e, 
although a strong suspension of 1nanganin wire ·13 mm. in 
diameter and about 22 cm. long was used. Sometimes days 
'vere spent in the attempt to so adjust the condenser as to 
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leave the 1novable part reasonably free to rotate, so that 
there was a possibility for the feeble electromagnetic force 
to manifest itself. The moment of inertia of the suspended 
rings was roughly 11000 g.cm.2

, and when the condenser 
was adjusted so that the period was as large as 8-10 seconds, 
the deflexions could be easily and unmistakably observed. 
Having balanced the condenser with an E.M.F. of about 
40 volts impressed on the primary of the potential trans
former (which nleans a charging E.M.11-,. of about 800 volts), 
and then suddenly applying an E.M.F. of about 100 volts to 
the magnetizing circuit (\vhich '"·ould result in an induced . 
E.M.F. of about ·44 volt per turn, indicating a n1aximu1n 
1nagnet flux of about 170,000 lines) the suspended body 
could be observed by means of telescope and scale to undergo 
a steady deflexion of some millimetres. Now reversing the 
connexions of the magnetizing circuit while the charging 
circuit remained unaltered, thus chan~ing the relative phase 
of magnetizing and charging E.M.F. s by 180°, a deflexion 
in the opposite direction was noted. These deflexions 'vere 
always and unn1istakably observable whenever the charged 
body was at all delicately poised, and were reversed whenever 
the connexion of either circuit was reversed. It was also an 
easy matter to trace out the connexions of the magnetizing coils 
and the transformer, and thus determine that the deflexions 
were taking place in the direction demanded by theory for 
the effect of the changing magnetic field on the charged 
body, and opposite to that which would be due to the static 
magnetic field acting on the charging current. The purely 
magnetic effect (i.e. the effect due to unsymmetrical magnetic 
properties of the suspended body), was always very sma11, 
and since it is completely eliminated by the method of 
observation adopted, no further attention was paid to it. 

The angular magnitude of the deflexions was of course 
dependent ~pon the restoring couple, and this was due chiefly 
to the electrostatic attraction between the imperfectly sym
metrical charged bodies. By adjusting the torsion-beads, 
which were capable of universal adjustment, lateral as well 
as rotational, and by shifting the stationary part of the con
denser, the sensitiveness was on a few occasions increased so 
far as to admit of deflexions of from 6-10 cm. on the scale. 
But this condition would never continue long, and further
more the zero was then so unsteady that reliable quantitative 
measurements could not be made under the circumstances. 
The most consistent readings for quantitative work were 
obtained when the sensitiveness was such as to give a 
difference in scale readings of ·5 to 2 cm. when the magne
tizing current was reversed. 
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At first it was thought that tbe value of the restoring 
couple could be deduced from a knowledge of the moment of 
inertia of the swinging body and its observed period. Since, 
however, the restoring couple is due almost entirely to the 
electrostatic field the motion could not be sin1ple harmonic, 
and the period therefore bears no known simple relation to 
the directive moment. The plan finally adopted was to 
deterrnine the moment of torsion of the upper suspension 
wire by observing the period with a body of known moment 
of inertia suspended, and then making series of deflexions 
due to the electromagnetic effect alternately with sirnilar 
series due to turning the torsion-head back and forth through 
a known angle. The angle of rotation of the torsion-head 
was read by telescope and scale, using the same scale on 
which the torsion deflexjons and electromagnetic de:flexions 
were read. From these readings the moment actually exerted 
by the electromagnetic effect can be calculated and compared 
"\vi th that dernanded by theory. 

I 

I 

I 

I 

I 

I 

I 

' 

The following is a specimen set of observations:-

. , 

Charging E.M.F.......... E 1=828 volts, "effective.'' 
Induced E.M.F. . . . . . . . . . E 2 = ·490 volt, ,, 
Capacity . . . . . . . . . . . . . . . . . . C = 9·9 x 10-10 farads. 
Moment of torsion of upper suspension cp=58·2 dyne cm. 

per radian. 
Scale distance D=388 cm. 

A. B. A-B. 
; 

Torsion 
6·32 4•43 1·94 
6·42 4·76 1•49 I 

deflexions. 6·08 4·90 1·29 

6•30 5·40 1•14 
Electro- 6·78 5·10 1•43 
magnetic 6•28 5•30 1·12 

deflexions. 6·56 5·40 1•13 
6·51 Q'40 ' l·OO . 

Torsion 6·29 4·94 1•32 
6·24 4·76 1·44 deflexions. 6·15 4·60 1•44 

5·92 4·74 1·12 
Electro- 5·80 5-00 1·00 
magnetic 6•20 5-12 1·13 

deflexions . 6·30 5·16 1•20 
6·43 5·25 1·08 

6·23 4·96 1•41 
Torsion 6·51 5·67 ·92 

6·67 5·61 
J 

deflexions. 1•15 . 
6·85 
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In the groups '' electron1agnetic deflexions" colu1nn A 
gives the seale readings with hoth charging and magnetizing 
circuits closed, and column B the readings taken alternately 
with the A readings, but with the magnetizing current re
versed. A- B therefore gives twice the electromagnetic 
deflexion. Each "reading " is the point of rest determined 
from three successive turning-points. The differences A-B 
are obtained by subtracting each B reading from the mean 
of the preceding and following A readings. In the groups 
" torsional deflexions" the A readings are taken under the 
sa1ne conditions as the A readings in the other groups, and 
the B readings are obtained by turning the upper torsion
head over 20 cm. of the scale, so as to produce a deflexion in 
the same direction, and of nearly the same magnitude, as that 
<lue to reversing the inagnetic field. Both the electric and 
inagnetic fields were left unchanged while the torsion deflexions 
were made. 

If now 2d is the mean A-B for the electromagnetic, and 
2d' the mean for the torsional deflexions, D the scale distance, 
and cf> the moment of torsion of the suspension wire, then the 
observed ino1nent due to the electrornagnetic effect is 

d IO 
L=d'2Dcp. 

Hence from the above set the observed mo1nent is 

1·13 x 5 x 58·2 
L'= 

1
.
34

x 388 =·63dynecin. 

'v hile from theory 

828 x 9·9 x ·49 
L = 27T x 103 = ·64 dyne crn. 

In the following table of results : 
E 1 =the ''effective" charging E.M.F. in volts. 
E 2 =the '' effective" E.M.F. in volts induced in one 

turn of a conductor encircling the magnetic field. 
2d =the (double) deflexion due to the electromagnetic 

effect, in cm. 
2d' =the deflexion due to turning the torsion-head through 

an angle 20/2D. 
L=the moment in dyne cm. calculated from theory. 
L'=the .measured moment in dyne cm. 

The last column gives the percentage deviation of the 
ohs~rved from the theoretical yalue of the inon1ent. The 
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capacity, scale dist.ance, and moment of torsion of the 
upper suspension are the same as in the foregoing specimen 
set. 

E1. E2. I 2d. 2d'. L. L'. Per rent. 
- error. 

' ----- ~ 

600 ·345 1·16 3·34 ·33 ·26 -21 
' 606 •342 2·70 5·72 ·33 ·35 +6 
606 •490 1·29 2·13 ·47 ·45 -4 
600 ·492 •73 1·24 •47 ·44 -6 . 
956 •346 •65 1•02 . ·52 •48 -8 
956 •348 2·06 3·36 ·525 ·46 -13 
806 ·444 1•59 2·24 •565 •53 -7 
772 "485 1·01 1•33 ·59 •57 -4 
828 •490 1·13 1•34 ·()4 ·63 -2 
840 ·494 ·53 ·62 •655 ·64 -2 
848 ·495 ·65 ·73 ·66 •67 +l 

I 8()4 ·485 1·27 1·31 •66 ·73 +10 
916 ·490 2·39 2·70 ·71 ·66 -7 
956 ·474 I ·43 l ·5~ •716 ·70 -2 
956 ·490 •87 1·02 ·74 ·72 -:-3 
956 ·492 1·78 . 1·86 •74 ·72 - -3 
12~4 ·480 ·45 •32 •98 I 1·05 +7 
1314 ·498 •40 •29 1·03 1•04 +l 

~ 

Av. L' 3 per cent. too small. 

Conclusion. 

Considering the experimental difficulties involved, the form 
of apparatus used) and the smallness of the force 1neasnred, · 
the accuracy of the foregoing results is all that could be 
expected. The observed moment shows a decided tendency 
towards lower values than the calculated amount. This is 
possibly due partly to the eff'ect of the magnetic field on the 
charging current, partly to a phase difference other than 90° 
between the electric and the rr1agnetic field. These are the 
only two sources of error not eliminated by the method of 
observation, and since both act in the same direction of 
diminishing the observed de:flexion, the sum 0£ their effects 
is shown by the result.s to be only about 3 per cent. of the 
quantity measured, which is not far fro1n the probable ex
perimental error. This can hardly be considered as casting 
any doubt upon the result. However, an atte1npt will be 
made to determine the phase difference, so that it can be 
taken into account in the calculat.ion. 

The experiment as it stands shows that a charged body in 
a changing magnetic field, or p9rhaps more exactly in a field 
s'\vept by 1nagnetic lines of force, is sn bjected to a mechanical 
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force, whose inagnitude and direction are in agreement with 
that demanded by the electromagnetic theory of Maxwell. 

The first part of the work was done in the laboratories of 
the University of Chicago, the second part at the University 
of 1,exas. To the rnembers of the Physics Faculty of the 
University of Chicago I wish to express my thanks for the 
appreciative interest they have continually shown in the 
progress of my work. 

Austin, Texas, August 15, 1909. 




