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WE have noted earlier1 that the depth of the min
imum of the resistance rT vs. temperature curve 
for gold is decreased when the measurement is 
performed in a constant magnetic field, and for 
some value of the field Hk becomes equal to zero. 
An investigation of the dependence of the Hall emf 
on the magnitude of the magnetic field and also a 
measurement of the magnetic susceptibility have 
shown that for a field equal to Hk the Hall con
stant and the diamagnetic susceptibility of the sam
ples investigated increase discontinuously. 2 

For a further investigation of the causes influ
encing the resistance minimum of gold, we per
formed experiments to determine the influence of 
elastic and plastic deformations both on the depth 
of the minimum and on the value of the "critical" 
field Hk. To study the influence of elastic defor
mations, we experimented on some samples of 
gold possessing a resistance minimum. The meas
urement proceeded with a uniform compression, 
produced by freezing water in a beryllium-bronze 
bomb3 in which the gold sample was placed. A 
measurement of the dependence of ( r 1.4 - rmin )/ 
rmin at pressures of p = 0 and p = 1600 atmos 
in the temperature range from 4.2 to 1.4°K showed 
that under a uniform compression the depth of the 
minimum decreased slightly by an amount which 
is less than the limits of the experimental accu
racy, while the resistivity also changes slightly. 

To investigate the influence of plastic defor
mations on the behavior of the resistivity curves 
we took two sets of experiments.* In the first 
experiments the deformation of the specimen was 
produced at liquid-helium temperature. To pro
duce the deformation we used a special press in 
which a wire prepared from the gold batch Au-1 
or Au-6 (length~ 9 mm, diameter ~ 0.4 mm) 
was squashed between two horizontal plates of 
agate. The degree of deformation was estimated 
from the magnitude of the relative change in the 
resistivity a = p~-~fj p2_ 2 produced by the defor-

mation at 4.2°K. In Fig. 1 we give the results of 
the measurements. 
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FIG. 1. Specimen Au - 1. Dependence of the anomalous 
increase of the resistivity on the temperature (the abscissa 
axis is logarithmic). Values of ex: 1) 1, 2) 1.8, 3) 2.5, 4) 3.9, 
5) 6.2, 6) 8. 

The deformations obtained at liquid-helium 
temperature were relatively small (wire of 0.4 
mm diameter was squashed into a plate not less 
than 0.20 mm thick). 

To investigate the influence of stronger defor
mations we performed experiments with wires de
formed at room temperature in a hydraulic press. 
In that case the degree of deformation was esti
mated from the quantity {3 = r 295 /r4 .2 • In Figs. 2 
and 3 the results are given of the measurements 
of the depth of the minimum and of Hk for de
formed samples of Au-1 and Au-6. Analogous 
measurements were performed on a number of 
other gold samples. 

aoJ 1510-J 

r -r II 
(l~- 4.zt 1.4 4.2 

-r-
4.2 a 

FIG. 2. Dependence aoz 10 

of the depth of the re- , ' 
sistivity minimum on fluB 1/uB 

deformation: e, o) spec-
imen Au-1; &, !':::.) speci- aOJ a5 

men Au-6. 

0 

From all results given it is clear that the 
depth of the minimum and the magnitude of the 
"critical" field depend strongly on the deformation. 
From Figs. 2 and 3 it follows that for a well deter
mined value of the deformation the depth of the 
minimum tends to zero and the critical field tends 
to infinity. If the deformed specimens are annealed 
for 30 minutes at a temperature of 800 to 900°C 
the anomalous properties of the specimens are 
restored. One must note that within the limits of 
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FIG. 3. Dependence of 

the critical field on the 
deformation: •, o) speci
men Au-1; .t., !J.) specimen 
Au-6. 

the experimental accuracy the value of T min is 
not changed by the deformation and lies for all 
specimens in the range 4 to 6°K. Earlier we have 
already reported1 that specimens prepared from 
Au-4 do not show a resistance minimum. A spec
tral analysis performed on these samples showed 
that gold of the two batches (both Au -1 and Au -4) 
does not differ essentially in their impurity con
tents. On the basis of the data given in the present 
paper, it was assumed that specimens prepared 
from Au-4 after careful annealing would also, 
like those from Au-1, have a minimum in the 
r ( T) curve. Experiments performed by us con
firmed this assumption. 

Comparing all results obtained we can conclude 
that the cause responsible for the appearance of a 
resistance minimum is the scattering of conduc
tion electrons by impurities of some well defined 
elements. A decrease of the mean free path of the 
conduction electrons (for instance, due to the de
formation) leads to a decrease of the probability 
for scattering of the electrons by those impurities, 
and as a result the anomalous properties also dis
appear. From this point of view, the crystal boun
daries and the grain size are not responsible for 
the appearance of the resistance minimum. 

In conclusion we consider it a pleasant duty to 
express our gratitude to academician P. L. Kapitza 
for a discussion of t.he results obtained. 

*We should remark Schmitt• has noted the influence of de
formation on the behavior of the resistance curves in the case 
where a minimum is present for copper. 

1 N. E. Alekseevskii and Iu. P. Gaidukov, 
J. Exptl. Theoret. Phys. (U.S.S.R.) 31, 947 (1956), 
Soviet Phys. JETP 4, 807 (1957). 

2 N. E. Alekseevskii and Iu. P. Gaidukov, 
J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 1589 (1957), 
Soviet Phys. JETP 5, 1301 (1957). 

3 B. Lazarev and L. Kan, J. Exptl. Theoret. Phys. 
(U.S.S.R.) 14; 439 (1944); J. Phys. (U.S.S.R.) 8, 193 
(1944). 

4 R. W. Schmitt and M.D. Fiske, Phys. Rev. 96, 
1445 (1954). 

Translated by D. ter Haar 
166 

THE SCATTERING OF SPIN% PARTICLES 
BY A COULOMB FIELD 

A.A. KOMAR 

P. N. Lebedev Institute of Physics, Academy 
of Sciences, U.S.S.R. 

Submitted to JETP editor June 14, 1958 

J. Exptl. Theoret. Phys. (U.S.S.R.) 35, 806-807 
(September, 1958) 

IN studying the spin of new particles it may be of 
interest to describe how their interaction with an 
electro-magnetic field depends upon their spin. 
This spin dependence appears clearly in such phe
nomena as Compton scattering, bremsstrahlung, 
and pair production of particles of spin 0, 1,12, 1, 
and % and has been considered by a ntqnber of 
authors. 

In the present note we consider the scattering 
of particles of spin % by the Coulomb field of a 
nucleus. 

The matrix element for the process looks as 
follows in the Born approximation: 

.Jt = - e ~I/ (x) Ak (x) Y~tB; (x) d4x, 

where B1 ( x) is the spin vector describing the 
particles of spin % , and obeys the following equa
tion and subsidiary conditions: 

(yko I OXn + M) Bi (x) = 0, y;Bi = 0, oBi I OX; = 0; 

Ak ( x) is the 4-potential describing the nuclear 
field [for a static field, A(x) = (0, 0, 0, A4 (x))]. 
In the p representation 

.Jt =- 21rea4 (q) B; (Pr) y4B; (p;) o (Et- E;), q = P!- p;. 

Making use of the following formula in summing 
over the polarizations 

] [B~ (p)]v (B~ (p)]v' = (li6EpM) [(M- iyp) (2p;pk I M 

"' + 3Mo;h + iy;pk - iykp; - My;yk]vv' 

( v, v' are spinor indices) we obtain the differen
tial cross section 


