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The dependence of the Hall effect on temperature and magnetic field was studied in samples
of gold with normal and abnormal temperature dependence of the resistance. A jump was
observed in the Hall constant of an “anomalous” sample at a field of 8 kOe. The magnitude
of the jump increased with decreasing temperature. A field strength of 8 kOe is the value
at which the anomalous temperature dependence of the resistance vanishes.

1. INTRODUCTION

AS is well known (see the references to the lit-
erature in Ref. 1) the Ohm’s-law resistance in a
series of metals (Au, Cu, Ag, Mg and, apparently,
Mo)? shows an anomalous temperature dependence,
consisting in the fact that as the temperature is
lowered, the resistance of these metals falls,
reaches a minimum at some temperature denoted
by Tpin, and then begins to rise. It was noticed
in a series of articles®™® that the dependence of this
rise on temperature could be satisfactorily repre-
sented in the form

TY—r .
ar PO win const + alog (1/T) for T < Tmin,
Tmin " min

where rpin is the resistance at Tpjp. In the
work of Ref. 5 carried out by us on gold samples,
it was shown that Ar/rp i, decreased in a mag-
netic field and reached zero for some value Hy.

In the same work it was noticed that, for a value
of the field equal to Hy, a discontinuous change
in the slope of the Hall electric field Ey (H) was
observed.

It was of interest to carry out a more detailed
investigation of the Hall effect in dependence on
temperature and magnetic field using gold samples
with both normal and anomalous-type resistances,
which allowed us to clarify the connection between
anomalous resistance and the Hall effect.

2. METHOD OF MEASUREMENT

To prepare samples we had at our disposal two
batches of gold naturally occurring: a foil of 0.05
mm and a plate 1 mm thick. Both batches were
99.99% pure. A spectral analysis of the gold is
given in Table I.

The sample Au-1, together with current and
potential leads was cut out of the foil, as shown in
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Fig. 1. The thick plate was rolled to a thickness
of 0.05 mm. A sample Au-4 was prepared from
this foil. The samples had identical geometrical
dimensions 0.05 X 14 X 30 mm3. To get rid of sur-
face dirt, the samples were immersed in aqua
regia.

TABLE 1
Samples
Admix- -
tures Au-t Au-g
Ag 8.10-% 7.5-107%
Cu 1.10-3 2.4.10-5%
Fe 4.4-1077 5.10-7
Bi <3.1077 <3-1077
Pb 2.5.1077 5.10-7
Ni 1.2.1077 1.6-10-7
Mg 3.10-7 5.10-7
Sb 2-10-7 2.10-7
Si 1.5.10-7 2-10-7

The value of the residual resistance rpyin/Tag5
for Au-1 was equal to 0.00971 and for Au-4,
0.00893.

Measurement of the Hall electric field was car-
ried out at room temperature, temperatures of
liquid nitrogen, hydrogen and helium and in the
very low temperature region, reached by the meth-
od of adiabatic demagnetization of ferric-ammoni-
um alums. Construction of the apparatus for ob-
taining very low temperatures, making it possible
to carry out galvanomagnetic measurements at
these temperatures, was described previously® by
us. In the present work, the only change introduced
was in the mounting of the sample (Fig. 1). To the

FIG. 1. Mounting of the gold and cadmium specimens.

copper plate 1, which ended at the cooling system
2, we soldered BiCd* 3 to one of the ends of the

*A eutectic alloy 60% Bi + 40% Cd; T, ~ 140°C,
T, = 0.55°K.
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sample studied. To the other end of the gold sam-
ple we fixed a specimen of cadmium of the same
origin as those in Refs. 6 and 7. It was used in de-
termining the temperature of gold in the region
0.05 —0.5°K, in which it was assumed that the
curve of critical fields of this specimen coincided
with the analogous curves previously measured

for the other specimens.®? The critical fields of
cadmium were determined from the curves of the
appearance of resistance upon destruction of super-
conductivity in a magnetic field. Measurements
were carried out with a potentiometer set up. The
current through the sample was equal to 0.1 amp,
with the specimen of cadmium in series with that
of gold. Comparison of the curve of critical fields
with the data of Refs. 6, 7 made it possible to de-
termine the difference in temperature between the
cadmium and the alum block. This difference was
negligible for a current of 0.1 amp. Therefore, in
our measurements the temperature of the gold
sample was taken equal to the temperature of the
alum block. The inaccuracy introduced in this way
did not influence the results of the measurements
essentially. The temperature of the alum block
was determined by measuring its susceptibility,
carried out by a ballistic method.

In the study of the Hall effect in metals of group
I, the essential difficulty is the small magnitude of
the measured electric field, connected with the
small value of the Hall constant. In order to in-
crease the Hall electric field, higher currents and
stronger magnetic fields are usually used. How-
ever, in our case such a way was not possible be-
cause use of currents (I > 0.3 amp) led to consider-
able overheating of the sample and to a rapid rise
in temperature of the alum block, and the need to
study the dependence of the Hall effect on magnetic
field required that the measurements be carried
out in both strong and weak fields. As a conse-
quence, it was necessary to increase the sensitiv-
ity of the measuring scheme. For this, a two-cas-
cade photoelectric multiplier FEQOU-15 of the
Kozyrev type® was used.

In order to increase the sensitivity and stability
of the work still further, this multiplier was sub-
jected to several changes. Thus, for example, the
low power illumination lamp (0.5W) was replaced
by a stronger one (2W). The zeroing apparatus
was completely changed, and the insulation of the
chassis wiring was improved. The multiplier was
included in a KL-48 potentiometer set up. Meas-
urement of the Hall electric field in the very low
temperature region was carried out with a sensi-
tivity of 2 x 10" V/(mm/m) of the scheme and a
field through the sample of 0.1 amp. Attemperatures
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above 1°K it was possible to carry out the meas-
urements at a higher current (0.3 amp) which made
it possible to decrease the sensitivity of the scheme
to 3x107%v/(mm/m).

At such high voltage sensitivities of the meas-
uring apparatus, random electric fields began to
show up strongly. The largest of these was the
electric field induced on the potential ends of the
sample by fluctuation in the magnetic field. In
order to attain sufficient accuracy in the measure-
ment of the Hall electric field, a number of special
measures were taken. Thus, in order to exclude
large fluctuations, a stabilizer of the magnetic
field* was worked out, which was distinctive be-
cause of the following. Fluctuations in the current
of the generator feeding the electromagnet, pro-
duced a change in the difference of potentials on a
resistor placed in series with the windings of the
electromagnet. These changes, after considerable
amplification, corrected the current of the genera-
tor, making it possible to keep up the feeding cur-
rent (up to 150 amp) with an accuracy of 0.01%.

In order to get rid of the influence of small fluc-
tuations of the magnetic field, an additional loop
was placed in series with the Hall potential leads.
This loop was outside the air Dewar, between the
poles of the electromagnet. The turning of this
loop relative to the magnetic field made it possible
to compensate almost completely for the induced
alternating electric fields.

In order to exclude from the measured electric
field the thermoelectric field and the difference of
potentials Ex (H) arising because of the asymmet-
rical disposition of the Hall potential terminals, the
usual commutation of the measuring current and
magnetic field was carried out.

The relative error of measurement, beginning
with a field of 8 kOe, did not exceed 1%.

3. RESULTS OF THE MEASUREMENTS

Study of the temperature dependence of the re-
sistance showed that, whereas the resistance of the
Au-1 sample rose noticeably with the lowering of
the temperature (Fig. 2), the growth of the resist-
ance of the Au-4 sample in the region 4.2 —1.4°K
was less than the error of measurement (0.2%).

In the study of the depth of the temperature mini-
mum resistance with respect to its dependence on
magnetic fields, [ro.olz;H - rmin;H]/rmin;H, it
turned out that for Au-1 it became zero for a value
of the field H =8 + 0.5 kOe, in good agreement
with the values Hj obtained in Ref. 5. Measure-

*The author is grateful to A. N. Vetchinkin for working
out the stabilizing scheme.
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temperature.

ments of the dependence of the Hall effect on mag-
netic field were carried out for temperatures of
295.77; 20.4; 10.1; 4.2 and 0.07°K. Relative to
the final temperature, it should be remarked that
in the region below 1°K measurements took place
with a slow rise in temperature of the gold sample,
as a consequence of which, we took the mean be-
tween the initial and final temperatures as the tem-
perature of the experiment. Usually, during the
time in which the dependence of Ey (H) on fields
of 1.5 to 18.3 kOe was obtained, the temperature
of the sample rose from 0.05°K to 0.1°K.

Results of the dependence of the Hall electric
fields on magnetic fields for the samples Au-4 and
Au-1 are given in Figs. 3 and 4 for a series of tem-
peratures. The Hall constant R(H) for Au-1 is
given on Fig. 5, where

R=E,d/HI for H < 8kOe,
R=E,d/(H—8000) for H>8kOe,

where d is the thickness of the sample and I is
the current through the sample.

In Table II the numerical values of the Hall con-
stant for Au-1 and Au-4 are given in the CGSM
system for all temperatures studied.

Analogous results were obtained with a series
of other gold samples.

4. DISCUSSION OF RESULTS

Measurements showed that the Hall constant of
the sample Au-4, which did not have an anomaly
in the curve r(T), did not depend on the magnetic
field up to 18 kOe at all temperatures. In the re-
gion from 77 to 20.4°K its value rose 25% and then
remained constant with further decrease in tem-
perature. For the sample Au-1, having an anoma-
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lous resistance, in fields of less than 8 kOe, the
Hall constant also did not depend on magnetic field
and here the Hall constants for Au-1 and Au-4
coincided within the limits of error for all temper-
atures.

In a field equal to 8 kOe, the Hall constant of
the sample Au-1 underwent a jump, the magnitude
of which increased with decreasing temperature.
The dependence of these jumps AR = R(H > 8kOe)
— R(H < 8kOe) on temperature is shown in Fig. 6.

Thus, in the gold sample which had an anomaly
in the curve r(T), an anomaly was also observed
in the Hall effect. In comparing the anomaly in the
resistance with the anomaly in the Hall effect, one
cannot help but notice that AR, upon extrapolation
with respect to temperature, becomes zero for
T ~ 140°K, where Ty,j, lies between 4 and 6°K.
However, Tp i, may be a characteristic point for
an anomalous branch of resistance. One can imag-
ine a temperature at which the sum of two proces-
ses — one connected with the fall and the other with
the rise of the resistance with decreasing tempera-
ture — has a minimum. From this point of view,
the temperature at which AR becomes zero, it
seems to us, may definitely characterize anoma-
lous galvanomagnetic properties of the metal.

It is of interest to compare results of this work
with those of other workers.%!® In these works,
measurements of the Hall effect have been carried
out for gold samples for a wide range of tempera-
tures. But in both Ref. 9 and Ref. 10 these meas-

P. GAIDUKOV

FIG.3. Sample Au-4. Dependence of Ey(H):
0 - T=295°K; 0-T=77°K; A-T=20.4°K;
e~ T=4.2°K; x = T = 1.45°K.

TABLE II. R x 1074 CGSM

Au -1 Au-4
T°K
H < 8kOe| H > 8 kOe| H < 8 kOe| H > 8 kOe

295 6.7 6.7 6.75 6.75
77 6.7 6.95 6.75 6.75
20.4 8.5 9.3 8.4 8.5

10 8.5 10.1

4.2 8.5 40.6 8.4 8.4

1.4 8.5 11.15 8.35 8.5

0.075 8.5 12.5

urements were carried out for only one value of
the magnetic field.

Comparing results of these two works with re-
sults of this work, it may be assumed that the
anomalous rise in the Hall constant with decreas-
ing temperatures observed in Ref. 9 is connected
with the fact that these authors used a field of 20
kOe, larger than Hg. That is, in that region of
fields, where an anomalous change in the Hall con-
stant with temperature was observed in our case.
The fact that the anomalous behavior of the Hall
constant was not observed by the authors of Ref.
10 is connected with the fact that their measure-
ments took place in a field of 8 kOe, where there
is not yet an anomalous temperature dependence
of the Hall constant.

In conclusion, it is my pleasant duty to express
sincere gratitude to Academician P. L. Kapitza for
the interest that he showed in this work, to N. E.
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A nuclear interaction event with primary energy E, = 25012 Bev in which about 200 Bev
was carried away by one of the 7°-mesons is investigated in detail. The lower limit of en-
ergy transferred to the soft component is approximately 30% of the total shower energy.

siderable interest.

In a stack of stripped Ilford G-5 emulsions ex-
posed at the altitude of 2.5 km during the Italian
expedition of Prof. C. F. Powell in 1955, we found
and studied in detail an interaction event of the

DATA on interactions between particles with en-
ergy of the order of few hundred Bev and atomic
nuclei obtained by means of a cloud chamber?! indi-
cate the existence of very large fluctuations of the
fraction of energy carried away by photons. The

minimum value of the energy transferred to photons
was found to be equal to a few tenths of a percent of
the primary energy. The problem of the maximum
energy transfer to the soft component is also of con-

type 1+ 12n characterized by an unusually large
fraction of the energy carried away by the electron-
photon component. The path length of particles in
each emulsion layer was ~ 1.5 cm and the total

TABLE 1. Angular distribution of penetrating particles

S]
(first method) |(second method)

[¢]
(first method) [(second method)

No. of par- No. of par-
ticles ticles
6; - 10°, radians |6; - 10°,radians 0; - 10°, radians | 6; - 10*, radians
|
1 40 2.5 9 245 235
2 40 11 10 280 265
3 40 32 11 430 420
4 80 67 12 510 525
g 104 95 ‘71 6 7
140 135 2
7 190 160 1/94in 25 400
8 218 220 ¥1/6; 125 580






