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at the Johns Hopkins University. 

IN the early part of last winter there was published in the 
American Journal of Mathematicst an account of some exper­
iments which prove that an electric current, as distinguished 
from the conductor bearing the current, is acted upon by mag­
netic force in a manner altogether different from that in whieh 
ordinary induction is known to take place. The new phenom­
enon was in short the action of a permanent magnetic force on a 
permanent electric current. Up to the time when the above­
mentioned article was written this new action had been ob­
served in only one conducting material, gold. In the present 
article will be given the results of observations with several 
other conductors; but first it seems worth while to give some 
account of varioLls closely related experiments which, though 
resulting negatively, are not entirely devoid of interest. 

In the previous article the fact was mentioned that a form 
of apparatus had been devised which, it was thought, might 
reveal the new action in the shape of an increase of resistance 
in the conductor. The plan, as modified in accordance with a 
suggestion of Professor Rowland, was to employ as the con­
ductor to be experimented upon a circular disk of gold leaf, in 
which the current entering at the center would radiate to a 
thick ring at the edge and so pass off by a wire attached to the 
ring. In such an apparatus under ordinary conditions the 
electromotive force, and so the flow of electricity, would be 

* In its original form this article was a thesis for the degree of Doctor of Phi­
losophy. Some alterations have been made in preparing- it for pnblication. 
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along the radii of the disk, hut if a strong magnetic force were 
made to act perpendicularly to the face of the disk a new 
electromotive force would be set up, which would be always 
perpendicular to the direction of the magnetic force and to the 
actual direction of flow of the electricity at any instant in every 
part of the disk. The actual electromotive force thel'efore, 
under which the electricity would flow, would be compounded 
of two, one of which would in general have the direction of 
the radii of the disk, while the other would be nearly at right 
angles to this, though changing its direction constantly as the 
flow of electricity continually veered from its normal course 
under the resultant action of the two electl'Omotive forces. The 
resulting path of the electricity from the center to the circum­
ference of the disk would be, not a straight line as under nor­
mal conditions, but a spiral. '1'his path being longer than the 
straight line, we should expect an increase of' electrical resist­
ance in the disk of gold leaf. Before any very extended ex­
periments had been made with this apparatus, however, it was 
pointed out by Professor Rowland that the increase of resist­
ance which might be looked for in this case would be exceed­
ingly small, too sman probably to be detected. This experi­
ment was therefore abandoned for the time at least. 

rrhe next experiment to be described was a very simple 
variation upon the main one, and before going farther it may 
be well to give a drawing of such a plate as has been used in 
making most of the observations to be hereafter recorded. 

1. 

In fig. 1, which is about one-half the actual size of an ordi­
nary plate, g g g g represents the plate of glass upon which 
the metal strip m m m m is mounted. Contact with this strip 
is made at the ends by the two thick blocks of brass h, h, which 
are held firmly in place by the four brass clamps worked by 
means of the screws S, 8, S, S. The main current of electricity 
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enters and leaves the metal strip by means of the binding 
screws e, e. Running out from the middle of this strip are two 
projections which make contact with the clamps 0" 0" worked 
bv the screws Sf' 8,. From the screws i, i, wires lead to the 
Thomsou galvanometer. The projections £i.·om the metal strip 
just alluded to make the apparatus very easy to adjust, for by 
scraping off little particles from the proper part of the projec· 
tions, while the current is allowed to run through the metal 
strip, the current through the Thomson galvanometer may be 
reduced to the extent desired. 

In ordinary experiments such a plate as that just described 
is placed between the poles of the magnet i.n such a position 
that the direction of magnetic force would be represented by a 
perpendicular to the plane of the paper in the above drawing. 

2. 

In the variation upon the main experiment a plate was em­
ployed similar to the above, but narrower and with very short 
side clamps. This plate was first placed between the poles of 
the magnet in the usual position as shown by the heavy lines 
in fig. 2. 

With this arrangement a permanent deflection of about 30 
cm. on the scale before the Thomson galvanometer could be 
obtained by reversal of the magnet current. Leaving now the 
distance between the poles very nearly the same as before and 
using, both in the magnet and the gold strip, as nearly as 
possible the same strength of current which had just been em· 
ployed in the previouS' trial, the plate was turned into the 
position indicated by the dotted lines in fig. 2. With this 
second arrangement no action of the kind previously seen was 
detected, or at least none that could with certainty be distin­
guished from the direct action of the magnet on the Thomson 
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galvanometer. This latter effect produced a deflection of only 
a few mm. and could not have masked· any considerable action 
of the kind looked for. 

The first part of this experiment then shows our main fact, 
viz: that in a conductor subjected to the given conditions a per­
manent electromotive force is at once established which has a 
direction perpendicular to the direction of magnetic force and 
perpendicular to the direction of the primary current in the 
conductor. The second part of the experiment shows that 
under similar conc1itions no electromotive force is set up in the 
direction of the magnetic force, or at least none of the same 
order of magnitude as that described above. 

The third experiment to be described was made at the sug­
gestion and desire of Professor Rowland. It was to test for an 
action of the magnet on the lines of static induction in glass. 
A thick piece of plate glass about four cm. square was taken and 
a hole about four mm. in diameter was drilled through each of 
the four lateral faces. These four holes were all directed to­
ward the center of the glass and each extended to within about 
seven mm. of this point. If the holes had met the.y would have 
formed two cylindrical channels at right angles to each other 
and extending straight through the glass from lateral face to 
lateral face. In each hole a loosely fitting plug of brass several 
mm. long was placed and securely fastened with a cement of 
insulating material. Leading out from each plug was a wire 
which was insnlated for some cm. by being surrounded with 
a glass tube. The piece of plate glass thus prepared was placed 
between the poles of the magnet, precisely as a plate be&ring a 
strip of gold would be. One of the brass plugs was placed in 
connection with the inner coating of a battery of Leyden jars 
charged by means of a Holtz machine, the opposite plug being 
in connection with the outer coating of the jars and with the 
earth. The other two plugs were placed in connection with 
separate quadrants of a 'l'homson electrometer. The quadrants 
were both insulated from the earth. The electrometer was 
sufficiently sensitive to deflect the spot of light about 170 mm. 
for the electromotive force of a Bunsen cell, or 340 mm. on re­
versing the connections with such a cell. The battery of 
Leyden jars was charged to a potential sufficient to give a 
spark of two or three mm. The connections being thus made, 
the position of the spot of light was observed and the magnet 
then operated with the purpose of discovering, if possible, any 
conseqnent change of position of the spot of light which would 
indicate an action of the magnet on the lines of static induction 
in the glass. The observation failed to establish the existence 
of any such action. The electrometer being in a very sensitive 
condition the spot of light was rather unsteady, so that any 
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very slight effect of the kind looked for would not have been 
detected, though it is probable that if a reversal of the magnet 
had caused a change of foul' mm. in the position of the spot of 
light, this effect would have been apparent. 

We may therefore conclude that any change of relative po­
tential on the quadrants of the electrometer caused by reversal 
of the magnet was probably less than io of that caused by 
reversing the connections of the electrometer with a Bunsen 
cell, as mentioned above. If now we estimate the difference 
of potential between the plugs .A. and B, connected with the 
Leyden jars, to have been, as indicated by the length of the 
spark, equal to that which would be produced by LO,OOO Bun­
sen cells in series, we may conclude that any difference of 
potential between the other plugs 0 and D which was caused 
by the action of the magnet, must have been less t.han 800\ 0 0 

of the difference of potential between A and B. We must 
remember, however, that any change of potential on 0 and D 
had to be extended as well over the com parati vel y large area 
of the electrometer quadrants. Professor Rowland has roughly 
estimated the capacity of the quadrants as twenty times that of 
the plugs 0 and D. If, therefore. these plugs had not been 
attached to the electrometer, any difference of potential between 
them due to the action of the magnet would have been twenty 
times as great as in the actual case, so that instead of ~ 
we have ~ of the difference of potential of A and B as the 
superior limit of the difference of potential of 0 and D which 
the magnet might possibly have produced, if 0 and D had not 
been connected with the electrometer. Representing the for­
mer difference of potential by E, the latter by E ', and the 
strength of the magnetic field, about 4000 (cm.-grm.-sec.), by 

M, we have for this case of static induction in glass E~'l\'l' if 

not zero, is less ·than 1600 boo 0 o· 
Turning to the analogous case of current electricity in the 

various metals and representing now by E the difference of 
potential of two points a centimeter apart in the direction of 
the current, and by E' the difference of potential of two points 
a centimeter apart in a direction at right angles to that of 
the current, while M has the same signification as before, 
we may write, as a very rough estimate for the case of iron, 

E~'M 1003000' while for tin the value of this ratio maybe 

as small as 60003000 o. \l\f e may therefore conclude that the 
equipotential lines in the case of static induction in glass, if 
affected at all by the magnet, are affected much less than the 
equipotential lines in the case of a current in iron, but we can 
not sa}' that all}' such possible action in glass has been shown 
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to be smaller than the analogous action in the case of a current 
in tin. 

I now go on with an account of further investigation of the 
phenomenon actually discovered and already in some measure 
described in my previous article. When writing that article it 

seemed to me instructive to deduce the ratio, ~" of the differ­

ence of potential per cm. on the longitudinal axis of the gold 
leaf strip to that per cm. on the transverse axis. There were 

thus obtained for the exp~riments made values of ~" ranging 

from 3,000 to 6,500 according to the strength of the magnetic 
field.* 

A h . I d h h . EXM ld t t at tIme suppose t at t e ratlO E' wou prove 

to be a constant, not only for different strips of one metal, but 
for all conductors. Subsequent experiments showed that this 
was not the case, and in this article the results obtained will be 

expressed by the ratio M~V, where E' has the same significa­

tion as before, while M now expresses the strength of the mag­

netic field in cm.-grm.-sec. units and V = ~ t, the strength of 

the primary current divided by the area of section of the con­
ductor. This ratio does not prove to be the same constant for 
different metals but for any particular metal it seems much 

more nearly a constant than the ratio E;,M given above would 

be. 
It may seem to those who read the following pages that an 

unnecessary amount of study has been devoted to 'gold. It 
must be remembered, however, that many readers of my pre­
vious article were not fully convinced by the evidence there 
adduced that any really new principle had been discovered, 
thinking that the explanation of the phenomenon described 
was possibly to be found in some such fact as the state of me­
chanical strain, into which the strip of gold leaf would be 
thrown in its endeavor to move aeross t.he lines of magnetic 
force in obedience to the perfeetly well known laws of the 

* In obtaining this latter quantit.y, which was called:M, a serious error was 
made and the value giveu was probably not much more than half what it should 
have been. This fact was mentioned in a note when the article in question was 
republished in this .r ournal, :Mar., 1880, p. 200, and p. 235. 

t This quantity V may be said to bear an iutimate rela,tion to the absolute ve­
locity of the electricity, for if we were to take as the unit velocity of electricity 
that of a unit current flowing through a conductor of unit cross.section, tIle ve· 

locity in any particular case would be a quantity ~. 
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action of magnets on conductors bearing currents. This being 
the case, it seemed desirable to make experiments with several 
strips of the same metal and determine whether the ratio 
MXV -:E' would prove to be a constant for all. The dimensions of 

many of the strips used, of whatever metal, are given below, 
and in order that the conditions to which they were variously 
subjected may be more fully understood, there will be given in 
manv cases the strength of the magnetic field in absolute units 
and" the strength of the primary current through the strip, 
the latter being expressed in terms of the constant. k, of 
the tangent galvanometer used to measure it. This constant 
there has been no occasion to determine exactly, but it is 
about '07. 

It will probably be readily admitted that the results ob­
tained cannot be accounted for without admitting substantially 
an that was really claimed in the previous article. Even if no 
such quantitative investigation had been made, however, there 
would still be one faet inexplicable on the t.heory of an acci­
dental cause for the phenomenon under consideration. The 
arrows in fig. 2 show the direction of the transverse current 
relatively to the direct current in gold, the magnet pole, S, 
being a south pole, i. e., the pole attracting the north pointing 
end of a needle. This relation between the directions of the 
two currents and the magnetic force is the same in all of the 
four gold plates which have been examined in this particular. 
The same uniformity is observed in the four silver plates, 8,nd 
the three iron plates, which have been tested in the same way. 
With the two plates of tin which have been examined there 
has been a trifle of uncertainty upon this point, as the effect in 
this metal is at best very sman, but this uncertainty is hardly 
sufficient to cast doubt upon the correctness of the rule that, so 
far as observation has gone, the relative direction of the trans· 
verse current is always the same for any particular metal. This 
uniformity in so many cases could hardly be accidental. 

This matter of direction is evidently one of fundamental im­
portauce. The direction was found to be the same for silver 
as for gold, these being the two metals first examined. Profes­
sor Rowland, however, predicted that the direction would be 
reversed in iron and experiment verified the prediction. Prof. 
Rowland's comments upon the significance of this discovery 
are already before the public*. It is a seemingly awkward fact 
that in nickel, next to iron and eobalt the most strongly mag­
netic substance, the direction of the transverse current is the 
same as in gold. This fact will be discussed further on. The 
conductors which have, up to this date, been subjected to ex-

* Am. Journ. Math., vol. ii, p. 355, 



168 E. H. Hall-·-New Action of Magnetism. 

periment are gold, silver, iron, tin, nickel and platinum. The 
direction is the same in a11 except iron. 

The extreme irregularity in the results obtained in the early 
part of tbis course of experiments was due to variouOl causes, 
only one of which is worth mentioning here. This source of 
error was the shape of the magnet poles, which, being intended 
for the study of the mflgnetic rotation of polarized light, were 
perforated axially by a bole several mm. in diameter. With 
these poles the magnetic force was found to vary many per 
cent in different parts of the field. These poles were subse­
quently replaced by solid ones, and a sufficiently uniform field 
was thus secured. It will, however, be noticed that even after 
this change the results obtained on the same day and with the 
same plate often vary by several per cent. Probably quite a 
part of this irregularity was due to the faulty manner in which 
the tangent galvanometer, which measured the strength of the 
primary current through the strip, was introduced. This 
source of error can probably be avoided in future measure­
ments. Again it is to be remembered tbat the strength of the 
transverse current was determined by a delicate 'l'homson gal­
vanometer, an instrument far more sensitive than accurate. 
In using comparatively thick strips of metal there is especial 
liability to error from this source, as a low resistance gal­
vanometer must then be employed, which may easily change 
in sensitiveness several per cent withiu an bour. 

Much of the disagreement to be observed in the results ob­
tained with different plates of the same metal, is no dOll bt to be 
explained by the difficulty of determining with anything like 
accuracy the thickness of the various strips employed. I have 
tried to determine approximately the thickness of the thinnest 
films used by measuring the electrical resistance, but this 
method, as will be seen, is exceedingly faulty. The thicker 
strips have been weighed before being placed on the glass, but 
even this method fails to determine the effective thickness ac­
curately. Even if the specific gravity were the same for all 
the strips, and it probably is not, the vahe thus obtained for 
the thickness would give only the average thickness, and this 
is by no means the effective thickness. It will be remembered 
that the connections leading to the Thomson galvanometer are 
placed opposite to each other with the width of the metal strip 
between them. The effective thicklless is the average thick­
ness along the line joining these two side connections. Gold 
foil is obtained in sheets ten or twelve cm. square. It will be 
seen further on, that in one case two strips cut from similar po­
sitions in the same sheet differed in average thickness about 
seven per cent. 'l'his being the case it seemed quiie possible 
that the effective thickness of any strip, as defined above, may 



on a Perma.nent Elect1'ic CUr1'ent. 169 

differ many per cent from the mean thickness indicated by the 
weight. 

All these sources of error being considered, the discrep­
ancies which will be observed in the results to be given, will 
not be surprising. 

A single complete series of observations consisted of' the 
following parts: 

1st. A determination of the extent to which the indicator of 
the Thomson galvanometer was affected by the direct influ­
ence of'the magnet and the magnetizing current.-All that it 
was necessary to ascertain in this case was the change in 
position of the galvanometer indicator caused by reversing 
the CUl'l:ent through the magnet. This usually amounted to 
one or two mm. and subsequent readings of the Thomson 
galvanometer were, when it was necessary, corrected accord­
ingly. 

2nd. A determination of the strength of the magnetic field.­
This was done by withdrawing suddenly from the field a small 
coil consisting of a few turns of wire and observing the effect 
of this action on a delicate galvanometer placed in circuit with 
the coi1.* The galvanometer was used with a mirror and scale 
and the readings actually obtained were reduced by the formula 

sin; = ~ (1_12\:rY) 
where n is the actual reading and r the distance from the mir­
ror to the scale. The constant of the galvanometer not being 
known, its sensitiveness, that 1S the significance of its readings 
in absolute measure, was determined whenever the strength of 
the magnetic field was to be found. This was effected by means 
of an earth inductor placed in circuit with the galvanometer and 
the test coil used with the magnet. '1'he determination of the 
strength of the magnetic field therefore involves two series of 
observations, one with the earth inductor and one with the test 
coil. 

3d. A determination of the sensitiveness of the Thomson 
galvanometer.-This was done by sending through it a current 
of known strength obtained by shunting the current from a 
Bunsen cell, the main current being measured with a tangent 
gal vanometer. 

4th. The main experiment.-The primary current through 
the metal strip measured with the tangent galvanometer just 
spoken of, and the effect of reversing the ma.gnet observed on 
the scale of the Thomson galvanometel'. 

5th. Another determination of the sensitiveness of the Thom­
son galvanometer.-Method as described above. 

* Rowland, "On a Magnetic Proof Plane," this Journal, vol. x, p. 14, lSi;). 
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6th. Another series of observations with the test coil. 
7th. Another series of observations with the earth inductor. 
8th. Another determination of the direct action of the mag-

net on the Thomson galvanometer. 
TI, as was usually the case, several series were to be made 

with the same plate in one day, for the purpose of using pri­
mary currents of various stl'engths, the sensitiveness of the 
Thomson galvanometer was tested before each main series of 
observations and after the last. 

The mean of two values found for the sensitiveness of the 
Thomson galvanometer was of course taken to be the sensi­
tiveness during the series of observations intervening. It was 
not found necessary to determine the strength of the magnetic 
field more than twice during a half day's observations. 

In working up these observations the following formula 
applies: 

• IfJ 
SlIl-

74 H 2 ktan a 
60 ---­

• 1fJ' 'lOt 
SlIl-

2 

dktan Bpr 
d'w 

M, V, and E' have been already defined. 
7460 = twice the integral area of the eal·th inductor divided by 

the integral area of the test eoil. Twice the simple ratio of 
these two areas is taken, for the reason that the earth induc­
tor coils are turned through 1800 when used. 

H = horizontal intensity of earth's magnetism at position of earth 
inductor. 

sin! = a quantity relating to effect on the galvanometer used 
2 
with test coil, produced by withdrawing the latter from the 
magnetic field. 

. 1fJ' "1 . I' I I d h S111 "2 = a SImI ar q llantlty re atll1g to t Ie ga vanometer an t e 

earth inductor. 
k = constant of tangent galvanometer. 
a = reading of tangent galvanometer whell measuring primary 

current through the metal strip. 
w = effective width of metal strip. 
t = effective thickness of metal strip. 
d = difference in readings on the Thomson galvanometer scale 

caused by reversing magnet in the main experiment. 
d' = difference in ren.dings 011 same scale caused by reversing 

current in determining sensitiveness of the Thomson gal­
vanometer. 

B = reading of tangent galvanometer when measuring current 
used to determine sensitiveness of Thomson galvanometer. 
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p = proportion of above current which passes through the Thom­
son galvanometer. 

'/' = total resistance of circuit containing Thomson galvanometer 
during main experiment. 

The above formula reduces to the form 

7460 sin ~ tan a d' H 
2 

tT!' 
t d p '/' tan e sin 2" 

It will be seen that k and w have disappeared. The elimi­
nation of w is a very important fact as this would be an exceed­
ingly difficult quantity to determine with accuracy. As the 
case stands, it is not at all important to preserve the form of the 
metal strip after its thickness has been determined. This makes 
the adjustments of the side connections (see fig. 1), leading 
to the Thomson galvanometer, a matter of considerable ease. 

The following pages give some details of the study of the 
various metals examined. 

GOLD. 

The experiments which furnished the results already pub­
lished, were made with gold leaf so thin as to be transparent. 
In order to reduce those results to the form since adopted, it 
would be necessary to know the thickness of the gold strip. 
This thickness might be determined roughly, if we knew the 
the specific resistance of the material and the actual resistance 
of the strip, which is now destroyed. The latter value is 
known approximately, and, by assuming the specific resistance 
to have been that of pure gold, we might arrive at a value of 

the ratio M~,V. This value, however, would be very much 

larger than that obtained when thicker strips of metal are used, 
and facts to be hereafter mentioned make it appear quite prob­
able that the thickness of the strip, as above arrived at, is sev­
eral times smaller than the true thickness. * 

Without attempting therefore any accurate determination of 
the constant of this first strip (A), I pass on to 

Gold Leaf, Plate (B). 
This plate also is of very thin metal, and in general I shall 

use the term gold leaf, when speaking of the metal in this 
shape, and use the term gold foil to denote the strips of con­
siderable thickness. 

* See also Albert v. Ettingsbausen, "Besti=ung der Absoluten Geschwindig­
keit." etc. Sitzungsberichte Akad. Wiell, vol. lxxxi. p. 446, 1880. He found the 
value of the thickness indicated by the weight in similar cases, t{) be from four to 
ten times as great as that indicated by the resistance. 
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This second plate of gold leaf was not constructed until after 
several thick plates had been tried and found to give very dif­
ferent results from those obtained with the first thin plate in the 
manner described above. 'l'binking that some experimental 
error in the first measurements might account for the discrep­
ancy, and the first plate being destroyed, I constructed the sec­
ond one. In making observations with this plate I first used 
the high resistance Thomson galvanometer, whereas the low 
resistance instrument had been used with the thick plates. 
Thinking that I might in changing instruments have fallen 
into some error, I afterward made another series of observa­
tions with the same plate, but using the low resistance galva­
nometer. The results were, the thickness here also being 
estimated as above described, 

March 18, with high resist. galv., M if V = 622 X 1010 

" " " " " = 637 ..... 

" 19, " low " " = 681 ..... 
Mean " = 647 X 10lu 

This result is about foUl' times as large as those found with 
thicker plates. Arguing from these facts alone, it would appear 
that tbe transverse effect in tbin leaf gold is relatively much 
smaller than tbe effect in strips of sensible thickness, but this is 
hardly a safe conclusion. Three objections to the above 
method of determining the thickness by means of the resist­
ance are evident; 1st, gold leaf so thin· as to be transparent 
is by no means continuous, but is perforated by a multitude of 
small holes, so that the electricity is, as it were, obliged to wind 
or zigzflg its way through the strip, thereby having a longer 
path and meeting a greater resistance, than if it could pursue a 
direct course: 2d, gold leaf is an alloy about twenty-three 
carats fine, and the resistance of such alloys is often much larger 
than that of eitbel' of the pure metals: 3d, it is difficult to se­
cure good contact at the ends of the strip. In the plate under 
consideration this contact was probably very bad, and may have 
been many per cent of the whole resistance of the plate as 
mensured. 

All these sources of errol' affect the result in the same way. 
To compensate, it would be necess:1l'Y to diminish the resistance 
as measured and then, in deducing the thickness, use a specific 
resistance higher than that belonging to gold. In using thin 
silver plates I have in a rough way made a cOl'l'ectioll for the 
errol' due to contact resistrmce, bnt the gold lea! is in several 
respects so unsuitable for anything like accurate work, that it 
does not seem worth while to spend any more time upon it at 
present. In fact I would in the preSel}t article dismiss the sub-
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ject ot gold leaf strips with a very tew words, were it not the 
case that, in a matter of this kind, it seems proper that the pub­
lic should be informed or any facts that have the slightest 
suspicions appearance. 

The gold plates which are now to be described, were ot 
comparatively thick metal, such as is used by dentists. The 
metal in this shape is said to be very pure, and the thickness 
was so considerable as to make it possible to weigh the strips 
with sufficient accuracy. rrhe determination ot the thickness 
in this way involves the assumption that the specific gravity is 
that given by the tables; but the error trom this source must 
be very much smaller than the sum of those introduced by 
employing the resistance method. 

Gold used b.y dentists is classed under various heads accord­
ing to the manner ot tempering. The kinds I have used are, 
I think, "sott," or possibly "semi.cohesive," and "hard," or 
"cohesive." I noted the varieties, thinking that specific pecu­
liarities might possibly appenr in their behavior. The number 
attached to each plate is the commercial number of the speci­
men and indicates approximately the number of grains in a 
sheet about ten cm. square. rrho letters attaohed are intended 
to distinguish different plates constl'l1cted from gold of the 
same number. 

Gold Foil, No.6 (A). 
This strip was, I believe, of the kind called by dentists 

"hard," or "cohesive." r]'o determine the thickness it was 
weighed before being attached to the glass. Previous experi­
ment having sbown the great variation in thickness between 
different parts ot a sheet of gol(} foil, tbis strip was cut before 
weighing into nearly the same shape and size that it was to 
have on tbe glass. 

The strip was in general sbape a parallelogram with a pro­
jection from the middle of each of its longer sides. The use 
of these projections, which were much red nced in size before 
making the observations, hns been already explained. 

Length of strip whcn weighed = 8'50 cm. 
vVic1th" " = 2'14 " 
Area including projections =20'5" sq. 
Weight .0848 gl'll1s. 

rraking the specific gravity of gold at 19'36, the value given 
by Ganot for" gold stamped," we Hnd 

ThielmesM = '000214 em. 

With this plate many series of experiments were made, yield­
ing most of the time results wbich were very discordant, owing 
to various disturbing causes, some known and others perhaps 
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unknown, to which allusion has already been made. The reo 
sults obtained every day, except the last of my working with 
this plate, are so discordant, that in preparing them for publi­
cation it does not seem worth while to go over again the great 
mass of figures involved, for the purpose of correcting any 
small enol'S of calculatioll. The results obtained were 

MXV 
Februal·y 20th ~= 134 X 10 '0 

" " "= 136 .... . 
" 23 c1 " = 163 .... . 
" " "= 159 .... . 
" " " 16(\ -
" 25th " 160 -
" " " 149 -
" ." " = 157. 
" 27th " 152 -
" " " 147 -

Mean" = 152 X 1010 

Replacing now the old perforated poles of the electro-mag­
net by solid new ones and removing one or two other sources 
of error, I found 

M b b M xV 10 arc 5t --w- = 150 X 10 

" " " 
" " " 

Mean " 

= 150 .•... 
= 154 ... ,. 

== 1513 X 109 

The strength of the magnetic field was, as usual, determined 
twice on March 5th, once before and once after the other ob­
servations. The two values varied by something more than 
one per cent. The mean of the two is taken as the uniform 
strength for the day. The strength of the primary current 
sent through the gold strip was much varied for the different 
series of observations. 

Thus we may write as corresponding to the above three 
values 

Strength of Field. 
M. 

6400 

" 
" 

Strength of Primary Current. 
C. 

Ie X tan 23° 44' 
" "42° 14' 
" "49° 28' 

when k is the constant of the tangent galvanometer =·07 
nearly. 

The agreement between the mean of the various results pre­
viously obtained and the mean of those found March 5th, was 
considered satisfactory, and the next measurements Were made 
with 
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Gold Foil, No.5. 
The metal in this plate was, I believe, either" soft," or " Bemi-

cohesive." 
Length of strip when weighed 8'49 cm. 
vVidth" " about 3'28 " 
Area including projections 30'0 "sq. 
Weight '1122 grm. 
Thickness '000188 cm. 

This strip after being placed on the glass was trimmed down 
to a width of about 2'02 em., and the mean thickness of this 
strip was no doubt quite different from the value above ob­
tained. 'J.1his strip was reduced in width after being weighed 
more than any other that has been used, and this fact may 
account for the discrepancy between the results obtained with 
it and those obtained with the strips of No.6, already de­
scribed, and of No.4, which is to be described next. 

With No.5 were made fonr series of observations, resulting 
thus: 

!.I x V 
!.L c. ---w-

Mar. 8th, 6400 1" X tan 42° 26' 161 X 10'· 
" " 6330 " " 26° 2' 163 ..... 
" lOth, 6440 " " 22° 48' 162 ..... 
" " 6440 " " 43° 0' 164 ..... 

Mean = 1625 X 10· 
The next plate used was 

Gold Foil, No.4 (soft). 

Length when weighed 
Width " 
Area including projections 
Weight 
Thickness 

= 7'64 em. 
= 2'13 " 
=18'46 " sq. 

'0478 grm. 
'000134 cm. 

With this plate four series of observations were made in one 
day. 

The results obtained March 12th were 
MxV 

M. C. ----w-
6480 k X tan 22° 21' 155 X 10" 

" "" 26° 25' 155 .... . 
" "" 42° 16' 154 .... . 
" "" 28° 43' 154 ... . . 

Mean = 1545 X 10' 
MeasurementB had now been made with three plates of gold 

foil, and, considering the irregularity likely to be produced by 
the impossibility of determining accurately the effective thick­
ness of the strips, the results seemed to agree satisfactorily, 
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. d' . MxV b . 
III lCatmg -I"~ to e a constant for thIS metal. If the ex-

i. 

periments in gold had begun with these particnlar plates, they 
would probably have ended with them for the present. Owing, 
however, to the great discrepancy observed between these re­
sults and those obtained with the very thin plates it seemed 
desirable to go further, and I therefore constructed a plate 
usmg 

Gold Foil, No. 30 (A), (semi-cohesive f). 
Length of strip when weighed 
Width" " 
Area incluiling projections 
Weight . 
. . Thickness 

With this plate 

M. c. 

5'76 cm. 
1 '085 " 
7'30 " sq. 

'161 gnu. 
'001129 cm. 

:MxV 
E' 

Apr. 20th, 6520 
" 23cl, 6600 

k X tan 48" 38' 123 X 10 10 

" "31 0 30' 124 .... . 

" " " " "40° 39' 128 .... . 

Mean = 1250 X 10' 

This value is about twenty per cent lower than the mean of 
those obtained with the three plates, Nos. 4,5, and 6, previously 
used. The discrepancy was so great, that another plate was 
made with a strip cut from the same sheet as No. 30 (A). 

Gold Fuil, iva. 30 (B), (semi-cohesive f). 

J~ength of strip when weighed 
Width" " 
Area including projections 
Weio'ht 
. . "'Thicklless 

5'(]9 cm. 
1 'OS " 
7.33 " sq. 

'149 grm. 
'00105 cm. 

It will be seen that the strips (A.) and (B), cut from similar 
positions in the same sheet of metal, differ about seven per 
cent in mean thickness. Tile importance of this fact has 
already been pointed out. The difference in thickness thus 
found was so great, that I at first supposed a mistake must have 
been made in weighing the first strip, thereby giving too 
large a value for the weight. I therefore removed the strip 
from the glass plate and weighed it again. The result con­
firmed the original value obtained. 

With the new plate, No. 30 (B), I found 

M. c. 
Apr. 2(]th, 6760 

" " 
k X tan 6So 0 
" "39 0 26' 

Mean 

MxV 
---w-

139 X 10lO 
141 ..... 

= 1400 X 10' 
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This value is much nearer tbose obtained witb the plates 4, 
5, and 6, but even now there is a discrepancy of eight or ten 
per cent. Without discussing this matter any further at pres­
ent, I pass on to tell what has been observed with 

SILVER. 

Measurements have been made with four separate plates of 
this metal. The thickness of the strip was estimated in one 
case by weighing, in the three otbel"s by measuring the elec­
trical resistance. I will give first the results obtained with the 
thick strip. 

SihJer Foil, No. lO. 

Length of strip when weighed 
\Vic1th" " 
Area inclur1ing projections 
Weight 

7'98 cm. 
1 '07 " 
9'23 " sq. 

. '. Thickness (taking sp. gr. to he 10'47) = 
'047J grm . 
'000491 cm. 

With this plate 
MxV 

1f. C. ~ 
Apr. 21st, 65t40 k X tan 49° 17' 114 x 1010 

" " " " 32° 20' 118 ..... 
Mean = 1160 X 10' 

Two of the other plates were prepared, not by fastening sil­
ver leaf to glass with shellac, but by depositing from a solu­
tion the silver directly upon the glass. The process made use 
of for this purpose was Boettger's, as detailed in this Journal 
for 1867. The two plates were cut from the same piece of 
glass after coating. 

Silver Film (A). 

Length he tween the contact hlocks 6'05 cm. 
Width 2'46 cm. 
Electrical resistance, as measured, = 1-45 ohms. 

Knowing that the contact resistance must be quite a part of 
this value, I endeavored to determine its amount roughly in 
the following manner. Having obtained the above value, 1'45 
ohms, and measured the distance between the blocks, I short­
ened the strip by placing the blocks neal'er together, then 
measured the length and again determined the resistance of the 
whole. 'rhis process was repeated, thus giving three values of 
the resistance corresponding to the three lengths of the strip 
employed_ From these values the contact resistance is readily 
determined, though of course very roughly. _ It appeared to be 
equal to the resistance of about 2'7 cm. of the strip itself, and 
A~I •. JOUR. Scr.--THIRD SERIES, VOL. XX, No. 117.-SEPT., 1880. 

12 
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therefore in estimating the thickness of the strip from the elec­
trical resistance, the effective length of the strip was taken to be 
not 6'05 cm., but 8'8 cm. Assuming the specific resistance of 
the silver in this plate to be '00000165 ohm", the value given 
by Jenkin for" hard drawn" silver, we obtain as the thick­
ness of the strip '00000407 cm. It will be shown below that 
this value is probably very much too small, but I will for the 
moment give the results obtained on the basis of this estimation 
of the thickness. 

Passing over a result ol)tainecl at quite an early period of 
the experiments, and which there are excellent reasons for re­
jecting, we have 

1r x V 
M. c. -----w-

Jail. 30th, 7120 1.; X tan 43" 33' 487 Xl 010 

" " " " 19° 32' 499 X 10'0 
Mean 493 X 10'0 

The discrepancy between this result and that obtai Iled with 
the thicker strip of silver was so great, that I determined to try 

Silver Film (B). 

I have assumed the thickness of (D) to be the same as that 
of (A). The other dimensions are about the same, and the 
result is 

MxV 
M. o. E' 

May 4th, 6640 Ie X tan 47° 39' 491 X 10 10 

The agreement of this result with the mean of those just pre­
ceding is entirely satisfactory, and the discrepancy above men· 
tioned, as existing between the results with plates of different 
kinds, is confirmed. This disagreement was so large as to be 
difficult to account for, without the h.ypothesis of a ~pecific 
difference exhibited by different forms of the same metal, under 
the conditions of the experiment. rr'o be sure the method of 
estimating the thickness from the electrical resistance was open 
to suspicion_ Among other probable sources of error there was 
the possibility of having assumed a wroug value for the spe­
cific resistance of the silver in this condition. It did not ap­
pear to me probable that an errol' of about 400 per cent could 
be accounted for in this way, but it seemed worth while to 
attempt a determination oftlle thickness of the films by another 
method. 

Plate (A) was taken and cleaned with alcohol to remove the 
particles of cement adhering to the glass and metal. rr'he 
area of the silver film was roughly determined, and the plate 
was dried and: when cool, carefully weighed. The silver was 
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then removed by dissolving in nitric acid, after which the 
glass was again dried and weighed. In addition to this the so­
lution of silver was filtered and treated with hydrochloric acid. 
The precipitate was filtered off, and the silver reduced by burn­
ing with the filter paper. The amount of silver on the glass 
was thus estimat.ed in two ways. According to the weight lost 
by the plate the amount of silver appeared to be 4'3 mgr., while 
the amount obtained by the chemical process was only about 
2'5 mgr. There are good reasons for thinking the former 
value too great and some reasons for thinking the latter too 
small. Giving the latter double weight in taking the mean we 

4'3+2X2'5 
get 3'1 mgr. for the amount of silver in the film. 

3 
The area covered by this on the glass was about 20 sq. cm. 
Taking the specific gravity of silver to be 10'5, we get for the 
thickness of the film 

'0031 
t = = '0000148 cm. 

20 X 10'5 

This value is more than 3'6 times as large as that obtained 
by the resistance method. In order to make perfect accord be­
tween the results obtained with the two kinds of silver plates, 
the thickness would need to be rather more than four times as 
great as that obtained by the resistance method, but consider­
ing all the difficulties of the case, it seems to me that the large 
discrepancy still existing is within the limits of experimental 
error. In presenting the results of all the experiments in tab­
ular form further on I shall give the results obtained with these 
silver films as calculated on the basis of the larger value, i. e., 
'0000148 cm., found for the thickness. 

Mention is made above of a fourth plate of silver. This 
was also of a very thin film, but the silver was fastened to the 
glass with shellac instead of being deposited fwm a solution. 
The silver was in the same state as that of the thickest plate, 
and the results of measurements with it accord sufficiently well 
with those obtained with that plate. As the resistance method 
was employed in estimating the thickness, it does not seem 
worth while to publish the results obtained. 

IRON. 

Measurements have been made with three separate plates of 
iron. The first two plates were made early in the research and 
the quantitative results, like all others obtained at that time, are 
hardly reliable enough to be worth publishing. 

The dimensions of the third strip were as follows: 
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Length as weighed 5'68 em. 
Width " 1'08 " 
Are!!, including projections 7'15 " sq. 
WeIght _ '193 grm . 
. '. Thickness (taking sp. gr. = 7'79) = '00347 cm.* 

With this plate the following results were obtained: 

M. 

Apr. 29th, 6680 
" " 

c. 
k X tan 38° 
" "49° 

l\Iean 

PLA.TINUM. 

One strip of this metal has been used. 
Length as weighed 
Width " 
Area incltlding projections 
Weight 

37' 
13' 

M x vt 
---w---

-127 X 10· 
-130 .... 

= -1285 X 10· 

6'32 cm. 
1'078 " 

. '. Thickness (taking sp. gr.=22·1)= 

7'57 " sq. 
'457 grm . 
'00274 cm. 

With this strip only one series of observations was made and 
that was rather a hasty one; I found 

MxV 
M. c. 

Apr. 28th, 6830 Ie X tan 66° 2' 

NICKEL. 

There was some difficulty in obtaining a strip of this metal 
of proper shape for the experiment. The piece used was ob­
tained by stripping off the nickel plating from a piece of brnss, 
upon which the deposit had been purposely laid in such a man­
ner as to make it easy to remove. The strip thus obtained was 
narrow and irregular in shape and its thickness cannot readily 
be determined at present, so that I do not attempt to give nu­
merical results for this metal. The main object in using it was 
to determine the direction of the new effect therein, nickel 
being, next to iron and cobalt, the most strongly magnetic sub­
stance. As already stated, this direction was found to be 0Ppo-

* The plates of very thin rolled iron used were furnished me by Prof. Row­
land, who is indebted for a supply of the same to the courtesy of Prof. Langley 
of Allegheuy Observatory. 

t It is evident that the values of this ratio thus obtained for iron are to some 
extent, perhaps to a great exten t, fictitious, for of course the strength of the mag­
netic field within the iron plate itself is the effective strength in the experiment, 
and this is probably very different from the value of M as determined by means of 
the test coil. It seems best, however, for the present, to employ this latter value 
of M, which must bear an intimate relation to the true valne, and which has the 
great advantage of being' easily determinable. Nickel has hardly been examined 
quantitatively as yet, and platinum is not sufficiently magnetic to present any 
difficulty of this sort. 
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site to that in iron. The action in nickel, though not really 
measured, was seen to be very decided, and may possibly prove 
to be as strong as that in iron. 

TIN. 

The action in this metal is 
measured with any accuracy. 
of the action in gold. 

very small and has not been 
Its magnitude may be n that 

No other conductors bave been tested in such a manner as to 
warrant an expectation of detecting an action. 

In the following table the results obtained with the different 
metals are brought together. Those obtained with very thin 
strips will be marked thus (?) for reasons which must be evi­
dent to anyone who has read the preceding pages: 

Metal Plate. 
Gold, No.6 ["hard"] 

" " " 

M. c. 

6400 k x tan 23° 44' 
6400 " "42° 14' 
6400 " "49° 28' 

" No.5 [soft or semi-cohes.] 6400 " "42° 26' 
6330 " " 26° 2' 
6440 " " 22° 48' 
6440 " ., 43° 0' 
6480 " " 22° 21' 
6480 " " 26° 25' 
6480 " "42° 16' 
6480 ., "28° 43' 

" 
,. No.4 [" soft"] 

" 

" 
" No. 30 (A) [semi-cohes.?] 6520 " "48° 38' 

d " 6600 " "31° 30' 
" " 6600 " ., 40° 39' 

,. (B) [semi-cohes.?] 6760 ., " 68° 0' 
" 6760 " " 39° 26' 

Silver, No. 10 6580 " "49° 17' 
" 6580 " "32° 20' 

[deposited] (A) 
II " 

(B) 

7120 " "43° 33' 
7120 " " 19° 32' 
6640 " "47° 39' 
6680 " ,. 38° 37' 
6680 " "46° 13' 

Platinum 6830 " " 66° 2' 
Nickel-effect large, possibly as strong as in iron. 
Tin-effect probably much smaller than in platinum. 

MXV 
~ 

150 X 1010 1515 X 109 
152 X 1010 J 150 X 1010 

]54x 1010 

16] x 1010 

163 X 1010 J 9 162 X 1010 1625 x 10 
164 X 1010 
155x101O ") 

154 X 1010 1545 X 109 155 x 1010 J 
154 X 1010 

124 X 1010 1250 X 109 
123 X 1010 } 

128 X 1010 
139 X 1010 t 
]41 X 1010 f 1400 X 109 

118 X 1010 1160 X 109 ]]4 X 1010 ! 
134 X 1010 9 
137 X 1010 1355 x 10 ? 

1350 X 109 ? 

= i~~ x 109 } 1285 X 108 

4170 X 109 

This table enables us to arrange the metals so far examined, 
excepting nickel, in order with respect to the magnitude of the 
action observed in them. Opposite each metal in the following 
list is placed a number representative of this magnitude. In 
the case of gold this number is a quantity inversely propor­
tional to the mean of the results obtained with the five differ­
ent plates named above. In finding the corresponding number 
for silver, I have, for obvious reasons, used only the result ob­
tained with the plate of No. 10. The representative number 
given for tin has been very roughly estimated and may be one 
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or two hundred per cent larger or smaller than the true num­
ber. All the numbers given must of course be taken as at best 
only rough approximations to the true representative numbers. 

We find then 
Irol1 - 7S' 
Silver S'6 
Gold 6'S 

Platinum 2'4 
Till '2 (?) 

'1'his arrangement is made on the basis of defining the magni­
tude of the action studied as a quantity inversely proportional 

MXV 
to ~_ If on the other hand we were to define the same as 

inversely proportional to M ; E, !'ather, E being the difference 

of potential of two points a centimeter apart on the longitud­
inal axis of the metal strip, the representative numbers would 
be re1atively changed. The representative llumbers on this 
new basis may be found by simpl,y dividing each of the repre­
sentative numbers given above by a quantity proportional to 
the specific electrical resistance of the metal to which the num­
ber is attached. 

We thus obtain 
Iron - SO' 
Siher 57' 
Gold 32' 

Platinum 2'u 
Tin '15 (?) 

It will be observed that the order of arrangement remains 
unchanged. 

Plati 11 um and tin are carried still fhrtber from gold and sil vel' 
than before, so that the rango of the representative numbers 
is inoreased. It is plain, therefore, that by this second nrmnge­
ment no progress has been made toward finding a oonstnnt 
representative quantity for all the metals. In dealing with the 
results obtained with different metals, it seems to be of little 
, . MXV l\IxE 
Importance whether we take as our basls ~ or ~. 

When, however, we have to do with different plates of the same 
metal, we see from the experiments on both gold and silver 

that the basis M i, V is by f:w the better one. We may sum 

up the matter by saying that accoroing to present appearances: 
1st, there is no oonstant representative quantity for all metals; 

d 1 1 . .MXE d · , 
2n , t 10 JaS1S ~ -oes not give a constant representative 

quantity for different plates of the same metal; 

3rd, the basis .M i, V gives for different plates of the same 

metal a representative quantity which is approximately a eon­
stant. 
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I , 'd ' 1 ' b 1 ' ,M X V ld tIS eVl ent, upon conSle eratlOn, t at t lIS ratIO E' cou 

not be expected to give the same result for all metals, We 
get the quantity V by divi~ing the nominal cross section of our 
conductor by the strength of the current. "'\Ve must, however, 
think of a metal as not strictly continuons, but consisting of 
metallic particles mOl'e or less compactly aggregated in the 
space occupied by the body as a whole, Evidently, therefore, 
the cross-section effeetive in conduction would vary in different 
conductors of tbe ,same nominal cross-section, It may, there­
fore, be found that different specimens, of the same metal but of 

d'i'!' l ' . '11' 'd'ff' 1 f M X V Illerent (ensltJes, WI gnre qUIte I erent va ues or~, 

Of course the magnitude of the new action in the diftElI'ent 
metals may be consfdel'ed in connection with various other 
physical properties of the metal beside the specific electrical 
resistance. One might for instance expect to find some strik­
ing relation b.y comparing in this connection the known mag­
netic or diamagnetic properties of the metals, It is indeed 
to be observed that the most strongly magnetic substance, 
irol1, does show the new action in a more marked degree 
than the other metals, and possibly nickel will come next 
in the list, Here the clue is entirely lost however, for the 
relative magnitude of the action in gold, silver, etc" is entirely 
out of proportion to the magnetic capacities of these metals, 

On the whole we cannot be sure that any relation has yet 
been detected between the magnitude of the new action in 
the various metals and any known physical property of these 
metals. It is of comse possible, however, that when more 
data shall have been obtained, analogies and relations at 
present unsllspected will appeal', It can hardly be doubted 
that the action we have been considering, placing at our com­
mand, as it does, a new point of view from which to study the 
interior workings of the substances examined, is destined to 
teach us a good deal in regard to the molecular structure of 
bodies, while helping us toward an understanding of the phys­
ical nature of electricity an-d magnetism. 

We return now to the remarkable anomaly presented by 
the direction of the action in iron. That the direction in 
this metal, a magnetic sub,;tance, should be different from that 
in gold, a diamagnetic su bstance, is remal'kable, but not per­
haps surprising, We find, however, that nickel and platinum, 
both magnetic substances, resemble in the particular above 
mentioned, not iron, but gold, and the other diamagnetic sub­
stances. This fact has to be taken into account in endeavor­
ing to apply the newly discovered action to explain the mag­
netic rotation of the plane of polarization in accordance with 
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the principles of Maxwell's electro-magnetic theory of light. 
Professor Rowland, therefore, in view of this difference of 
behavior of iron and nickel with respect to electricity, was 
very desirous to know whether these two n'letals would mani­
fest a similar disagreement in their action upon light. I have, 
therefore, at his suggestion, repeated Kerr's experiment on the 
rotation of the plane of polarization of light by reflection 
from the pole of a magnet, using nickel for the latter instead 
of iron. The reflecting surface used was the nickel plating on 
one of the disks of Professor Rowland's absolute electrometer. 
This disk for the purpose of the experiment was placed be­
tween the poles of the electro-magnet. The action upon the 
plane of polarization, though apparently much weaker than in 
iron, has, in the plate used, unmistakably the same direction. 
This nickel plating, however, was executed in Germany, and 
Professor Rowland thinks that, as the nickel of that country is 
very impure, this specimen may possibly contain iron enough 
to mask the true action of the nickel. 

I have already spoken of the fact that, when a strongly mag­
netic substance is experimented upon, complications are intro­
duced by the influence of the induced magnetism which affects 
the condition of the magnetic field through which the current 
flows, making the value of M different from that determined 
by means of the test coil. It does not seem probable that in 
this fact can be found an explanation of the anomalous behav­
ior of iron, but there is no doubt that an interesting research 
is here suggested. For instance, it might be profitable to sub­
ject to experiment a thin plate of hard steel and determine to 
what extent the permanent magnetization induced therein by 
the electro - magnet would be accompanied by a permanent 
change in the equipotential lines after the electro-magnet had 
ceased to act. 

It is perhaps idle to speculate as to the exact manner in 
which the action between the magnet and the current takes 
place in any of the preceding experiments, but it may be 
worth while to remark a seeming analogy, somewhat strained 
perhaps, between this action and a familiar mechanical phe­
nomenon, the theory of which has of late attracted considera­
ble attention. It is well known that a base ball projected 
swiftly through the air and having at the same time a rapid 
motion of rotation about its vertical axiR does not throughout 
its course continue in its original vet'tical plane of its motion, 
but follows a path curving sensibly to one side: Imagine now 
an electrical current to consist of particles analogous to the 
base ball, moving through a metallic conductor tbe electrical 
resistance of which will correspond to the mechanical resist­
ance offered by the ail'. Suppose, further, the particles of elec-
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tricity, on coming within theinfluence of the magnet, to acquire a 
motion of rotation about an axis parallel to the axis of the mag­
net. * Under all these supposed conditions we might perhaps ex­
pect to find the action which is actually detected. To account 
for the reversal of the action in iron, we might suppose the par­
ticles of electricity to acquire in this metal a rotation about the 
same axis as in the other metals, but in the opposite direction. 
Even after 'all these generous concessions in favor of our 
hypothesis, however, it fails to account for the behavior of 
nickel, as different from that of il'On. The analogy, such as it 
is, which hus been pointed out, is perhaps curious rather than 
significant. 

Historical. 

I am not aware that investigators, during the first part of the 
century, made any attempt to discover the phenomenon which 
has been the subject of the observations described in the pre­
ceding article. Wiedemann,t however, mentions two investiga­
tors who have at different times given the subject their atten­
tion. The first of these in point of time was Feilitzsch.t He 
made use of two flat spirals of wire, through each of which an 
electric current was made to pass. These currents, passing in 
opposite directions through the coils of a differential gal va­
nometer, were so adjusted that their combined action produced 
no effect upon the needle. A third spiral, similar to the others 
and itself bearing a current, was now brought near one of 
these and the galvanometer was observed. No permanent de­
flection of the needle was detected, and therefore no permanent 
action of one current on the other was discovered. I have not 
had access to the original article and cannot say what the 
author's theol'Y of the experiment may have been. The 
method of attacking the problem seems however to have been 
similar in principle, to that which I at first adopted, viz: an 
endeavor to increase the resistance experienced by an elec­
trical current by diverting it from its normal course through 
the conductor. 

Another research il1 this direction mentioned bv Wie(lemann 
was that of Mach.§ This investigator covered;' circulat' disk 
of silver leaf with wax and applied the poles of a battery 
to pC'ints diametrically opposi teeach other on the circumfer­
ence of the disk. The silver leaf becoming heated by the cur-

* Maxwell (Electricity and Magnetism, vol. ii, p. 416rsays, "I think we have 
good evidence fo\' the opinion that some phenomenon of rotation is going on in 
the magnetic field, that this rotation is performed by a great number of very 
small portions of matter, each rotating on its own axis, this axis being parallel 
to the direction of the magnetic force," etc. 

t Galvanismus, vol. ii, p. 1 74. 
+ Berichte der Naturforscher in Karlsruhe, 1858, p. 151, etc. 
§ Carl's Repertorium, vol. vi, p. 10, 1870. 
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rent, the wax began to melt and melted most rapidly where 
the current was strongest, thus roughly showing the distribu­
tion of the stream. The plate still bearing the CUITent was 
now subjected to the action of an electl'O-magnet, but no change 
could be detected in the behavior of the melting wax, the cur­
rent remaining apparently unchanged in its course through 
the disk. This experiment therefore, like the preceding, was 
negative in its indications. 

A recent number of the" Beibliitter zu Wiedemann's Anna­
len" mentions, in connection with the researches of Feilitzch 
and Mach, another by Gore.* The latter took a wire bifur­
cated throughout a part of its length and passed through it a 
current sufficiently strong to raise both branches to a white 
heat. He then endeavored by means of a magnet to divert 
the current somewhat from one branch of the wire and draw 
into the other branch more than its normal share. It was 
thought that an ullequal division of the current might show 
itself by a change in the appearance of the white hot bt·anches. 
No change of this kind could be detected, and the investigator 
therefore concluded that the action known to take place be­
tween conductors bearing currents, was not an action between 
the electric currents as such. Gore expressly states that he 
undertook this experiment not knowing that any previous in­
vestigations with the satfle aim had ever been made. 

On the same page of the "Galvanismus" which treats of the 
research of Mach, as mentioned above, Wiedemann describes, 
as a means of showing that no action takes place between per­
manent electric cUJ'l'ents as such, almost the exact nrl'angement 
of apparatus with which the discovery was finally made. Who 
first used this apparatus for this purpose I cannot say, unless 
it may have been Wiedemann himself. The same plan was 
hit upon by Professor Rowland,t quite independently I believe, 
and he experimented to some extent in this direction about the 
year 1876. The same arrangement was finally adopted by me 
after another method of attacking the problem had been unsuc­
cessfuJIy tried. 

I desire to express my sense of obligation to the professors 
and students of the ph.ysical department of thc Johns Hopkins 
University, for the generous assistance which they have ren­
dered me . during the progress of this research. 

*" On the Attraction of Magnets and Electric Currents."-Phil. Mag. (4th 
series), voL 48, p. 393, 18'14. 

t A.mer. Jour. of Math., vol. ii, p. 289. 




