
SOVIET PHYSICS JETP VOLUME 18, NUMBER 4 APRIL, 1964 

TEMPERATURE DEPENDENCE OF THE ELECTRICAL RESISTANCE OF COBALT 

BETWEEN 1.3 AND 4.2°K 

E. E. SEMENENKO, A. I. SUOOVTSOV, and N. V. VOLKENSHTEIN 

Physico-technical Institute, Academy of Sciences, U.S.S.R. 

Submitted to JETP editor May 17, 1963 

J. Exptl. Theoret. Phys. (U.S.S.R.) 45, 1387-1388 (November, 1963) 

The temperature dependence of the electrical resistance of the ferromagnetic metal cobalt 
has been measured over the temperature range from 1.3 to 4.2°K. It has been found that for 
cobalt, as for iron and nickel, investigated previously, the resistance-temperature diagram 
has a characteristic form which is due to the scattering of electrons by spin waves (which 
contributes a linear term). Over the range from 1.3 to 4.2°K, the temperature dependence 
of the additional resistance can be described by a binomial containing a linear term and a 
term in T2• The coefficient of the linear term is at least as large as that for iron, and 
larger than that for nickel. 

pensated by means of a set of Helmholtz coils. 
The results of the measurements on one of the 

cobalt specimens are presented in the figure. 
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THE temperature dependence of the electrical re­
sistance of the ferromagnetic metals has a char­
acteristic form in the helium temperature region, 
due to additional scattering of the conduction elec­
trons by spin waves. The spin component of the 
electrical resistance at helium temperatures may 
be represented in the form [!, 2] p = AT + bT2• At 
the same time, in the true, but non-ferromagnetic, 
transition metals (e.g. platinum) [3, 4] the electri­
cal resistance at low temperatures is chiefly de­
termined by the scattering of electrons upon im­
purities, and is described by the relation p = Po 

L~ l 

+ CT2• Thus for the ferromagnetic metals the elec­
trical resistance in this temperature region is de­
scribed by the expression p =Po+ AT+ BT2, where 
the quadratic term incorporates both scattering 
mechanisms. 

The existence of an electrical resistance rela­
tion of this form at helium temperatures has al­
ready been observed for iron and nickel [3•5- 7]. 

It is naturally of interest, therefore, to measure 
the temperature dependence of the electrical re­
sistance for other ferromagnetic metals as well. 
The present communication reports the data ob­
tained from measurements made on cobalt. 

The cobalt samples investigated had a purity of 
99.9984%, and a residual resistance r = R( OoK )/ 
R(0°C) = (3.8185 ± 0.0002) x 10-2• The specimens 
were prepared by electric-spark cutting from a 
Co rod 5 mm in diameter, and had a cross-section 
of ~ 0.30 x 0.25 mm2 and a length of ~ 35 mm. 
The electrical resistance measurements were con­
ducted over the temperature range from 1.3 to 
4.2°K. The terrestrial magnetic field was com-
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Over this temperature range, the curve R( T) 
is described, as for iron and nickel, by an expres­
sion of the form 

R (T)/R (OcC) ~-- r ·_AT i- BT", 

A~- (3.3- 5.5)-10. 6 , B (1.5-1.7)·10 "· 

Owing to the comparatively large residual resist­
ance r, it was impossible to achieve great accu­
racy in determining the temperature-dependent 
component of the electrical resistance; curves 1 
and 2 in the figure correspond to the following 
values for the coefficients: 

J-/l• 3.3·JO·G, 
2 --- A -~ 5. 5 · 10-6 , 

B=1.7-I0-6 , r c3.RI87-10~, 

B ••. I . 5 . I 0 G, r ~ 3. ~~~ 84 . I o-~. 
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From these data it may be concluded that within 
the temperature range under study cobalt shows a 
singularity in the temperature dependence of its 
electrical resistance which is due to the scatter­
ing of conduction electrons by spin waves. This 
is manifest by the appearance of the linear term 
in R( T ). The coefficient of the linear term is no 
smaller than that for iron, and larger than that for 
nickel. 

As regards the quadratic term, it is of interest 
to note that it is of the same order of magnitude 
for iron, nickel [3], cobalt and platinum [3] ( re­
spectively, ~ 1.1 x 10-6, ~ 2.7 x 10-6, ~ 1.6 x 10-6, 
and ~ 1. 8 x 10-6 ) . This indicates that the quad­
ratic component associated with the spin scatter­
ing mechanism is, in all probability, either small, 
or of the same order as that for the electron -elec­
tron interaction. 

Clearly, going in the future to higher purity co­
balt and lower temperatures (as was the case for 
iron [7]) will permit a more accurate determina­
tion of the coefficients in the resistance-tempera­
ture relation for cobalt. 

In conclusion, the authors take this opportunity 

to express their gratitude to B. G. Lazarev, M. I. 
Kaganov, and E. A. Turov for discussing these re­
sults and for their interest in this work. 
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