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It was first shown by Sir Wm. Thomson that a thermo-
couple may be composed entirely of iron or nickel provided
part is in a magnetic field and part not. A survey of the
work previously done on this subject and an experimental
investigation of a more extended nature than any hereto-
fore have been attempted in order to clear up existing con-
fusion and render the subject more available to theoretical
interpretation. Measurements on iron, nickel, cobalt and

permalloy from room temperature to above the Curie
point indicate that the e.m. f. produced by a magnetic field
in these thermocouples is conditioned by (1) the crystal
structure and (2) the change in direction of the resulting
spins or intrinsic magnetization in separate crystal regions,
and that this effect is related to the change in length on
magnetization.

INTRQDUcTIQN

T was first shown by Sir Wm. Thomson' in
1856 that a thermocouple may be constructed

entirely of iron or of nickel provided the two
parts are in different states of magnetization.
Numerous investigations have since been made
of the effect with conHicting results. Thomson, '
Battelli' and Broili' found, the e.m. f. opposite for
iron and nickel, but Strouhal and Barus, '
Chassagny, ' Bidwell, ' Cohen, ' Grondahl and
Karrer ' Bordoni, ' T'Ao and Band ' Ross" and
finally Perrier and Kousmine" have found the
e, m. f. positive, i.e. , from magnetized to un-
magnetized metal at the cold junction, in both
cases. (Here and elsewhere reference is to a
longitudinal field; a transverse field generally
gives the opposite direction to the effect. ) In the
case of iron the e.m. f. was sometimes observed to
decrease for strong magnetic fields and Bidwell, '
Houllevigue, " Rhoads " Smith"" and Broil i'
actually obtained a reversal, although Smith
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applied tension and Broili "recrystallized" his
specimen. This decrease or reversal in strong
fields suggested to some' " "a connection with
the similar change in length on magnetization,
but in the case of cobalt' and Heusler alloys' no
relationship was found. Others" ' "have postu-
lated a connection between this effect and the
change of resistance in a magnetic field, but the
analogy is close only for nickel. Finally the state
of confusion in regard to this effect has recently
been exemplified by Gerlach'7 and by Ross" and
Williams" who have reported a "new effect"
which is in reality only that discovered by
Thomson.

In view of the present confused state of the
subject of Thomson's thermomagnetic effect the
present attempt has been made first to review all
the previous work done, and second, to repeat
experimental measurements. In previous work
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closer resemblance, the curves being very similar

in shape and sign to those for AE except in the
case of nickel where Al is negative and AE

positive. In the case of iron the analogy is very
close, the Al vs. IZ curves showing the type of
maxima in Fig. 2. In the case of the change of
length an explanation has been found by studying
single crystals. For iron the (100) is the direction
of easiest and the (111)of hardest magnetization,
and 6I, is always positive for the former and

negative for the latter. ' A polycrystalline speci-
men would therefore show the combined effects
for single crystals magnetized parallel to (100)
and (111) directions, respectively, the direction
of easy magnetization predominating for low

fields. The same explanation may be advanced
for the AB curves. The following summarizes the
picture: According to Weiss' and later theories a
ferromagnetic substance is regarded as containing
regions or "blocks" of the order of 10' atoms
which are magnetized to saturation without an

'0 W. L. Webster, Proc. Roy. Soc.A109, 570 (1925);Proc.
Phys. Soc. 42, 431 (1930).

external field; on gradually increasing the ex-
ternal field the "blocks" are lined up parallel to
that (100) direction in each crystal nearest that
of FI, thereby increasing l and B, the resistance,
R, remaining unchanged; finally in strong fields

the "blocks" must turn slowly from (100)
directions into more exact parallelism with II or
somewhat in (111)directions, thereby decreasing
l and 8 and increasing R. A similar picture
follows for the other metals. In the case of nickel
6/ is of the same sign" and hence also DB for all
directions and the (111)is the direction of easiest
magnetization. It would appear that AB and Al

are both due to the same thing.
The above conclusions are in accord with those

of Akulov" and Chramov and Lwowa" who
conclude that AE may be produced by mag-
netization or stretching and is conditioned by (1)
crystal structure of specimen, (2) change of
direction of resulting spins in separate crystal
regions.

"Mashiyama, Sci. Rep. Tohoku Univ. 17, 948 (1928).
"N. Akulov, Zeits. f. Physik 87, 768 (1934).
"P, Chramov and L. Lwowa, Zeits. f. Physik 89, 443

(1934).
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The variation in the field necessary to initiate a vacuum
discharge between a mercury cathode and a molybdenum
anode and the accompanying variation in the work function
of the cathode have been measured. The work function
variations were obtained from measurements of the contact
potential between the mercury and a platinum filament.
The fields were applied by an impulse circuit, the time

constant of the voltage wave being very short in order to
prevent distortion of the mercury. The final results show a
variation of the field with work function which, while in the
same direction, is more pronounced than that forecast by
the Fowler-Nordheim theory. For a change of work func-
tion of one volt the field required to initiate the discharge
varied from 375 kv/cm to 575 kv/cm.

INTRQDUcT IoN"UMEROUS experiments' have been per-
formed to study the relation between the

field current and the field strengths involved.
Several theories' have been proposed to forecast

' Millikan and Eyring, Phys. Rev. 2'7, 51 (1926);Eyring,
Mackeown and Millikan, Phys. Rev. 31, 900 (1928);
Gossling, Phil. Mag. 1, 609 (1926); Millikan and Lauritsen,
Proc. Nat. Acad. Sci. 14, 46 (1928).' Schottky, Zeits. :f. Physik 14, 63 (1923); Richardson,
Proc. Roy. Soc. A117, 173 (1928); Houston, Zeits. f.
Physik 47, 33 (1928); Fowler and Nordheim, Proc. Roy.
Soc. A119, 173 (1928).

what this relation should be or to fit the ex-
perimentally found relation, the latest being that
of Fowler and Nordheim. As a whole the results
of various experiments on the problem have been
capable, after making an assumption regarding
the work function of the surface serving as
cathode, of being fitted to an expression such as
they have deduced. ' The present experiments
were carried out to investigate the relation con-

'Stern, Gossling and Fowler, Proc. Roy. Soc. A124, 699
(1929).


