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For more thap two decades investigations of the dislocation contribution to the
electrical resistivity in metals, mainly aluminum and copper, have been carried out
both experimentally and theoretically /1, 2/. Recently a theory has been advanced
that predicts a strong dependence of the resistivity per dislocation on the
dislocation density, where the authors assert that electron-dislocation scattering is
essentially a small angle anisotropic process /3, 4/. In other works it was found
that the contribution to the electrical resistivity is many times greater than the
strain field. Low temperature deviations from Matthiessen’s rule (DMR) for the
electrical resistivity have been the subject of extensive investigations. It was
found that a metal with larger residual resistivity value pQ also has a larger
temperature dependent part of the resistivity,* arising from electron-phonon
scattering /5 to 7/. The monotonic increase of the temperature dependent part of
the resistivity Prp with pQ at fixed temperature is a characteristic feature of DMR.
Recently, however, some marked exceptions to this general behaviour have bfeen
reported. Rowland and Woods /8, 9/ have measured pT for a strained sample of Al
and found that it decreased by approximately a factor of 2 with increasing pPQ.
In 13, 4/ it was shown that the negative DMR can be explained quantitatively by
the effect of anisotropic electron dislocation scattering.

In this report the results of our experimental investigations on the temperature
dependent part of the resistivity in highly pure. Al will be discussed. The
aluminium specimens were plastically elongated at 4.2 K. After each act of
deformation the electrical resistance p(T) of the specimens was measured and after
that all the specimens were kept at room temperature during five days, for the
annealing of the deformation point defects to take place. The electrical resistance
was measured at temperatures from 4.2 to 20 K. The temperature dependent part
of the resistivity pT and the temperature independent residual resistivity
pQ combine to give p(T) = pQ + p~. In practice the assumption was made that

P(4.2 K) = pQ.
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Fig. 1. Temperature dependent part of the resistivity as a function of deformation

for two different temperatures: (1), (2) T = 16 K and (3), (4) T = 20 K; curvet»
1, 3, and 2, 4 after and before the annealing of point defects, respectively

Fig. 2. Residual resistivity at T = 4.2 K as a function of deformation: curves 1
and 2 are after and before the annealing of point defects, respectively

Fig. 1 shows the variation of p? as a function of deformation for two different
temperatures (16 and 20 K). The dependences for pQ are presented in Fig. 2. It
is noteworthy that p~ does not depend on the degree of deformation in %h$
annealed state at T = 16 K. The dependence is stronger at T = 20 K, that is
grows monotonically with deformation. In the unannealed state the temperature
dependent part of the resistance is more complicated. The analysis of the
dependence on the defect density was carried out in accordance with the
theoretical model /10, 11/, where the authors write down the resistivity
p(T), which is a function of the impurity concentration and temperature, in terms
of the two-moment scattering operator P.~ which can be written as the sum of P~/
and prIIA Pik - Pi(lg) + Pi~  where Pik} the matrix element of the phonon
scattering operator, P.~ the matrix element of the defect scattering operator
which depends linearly on their concentration. P.~ = cR.~» + cR.~(T) where c is

the concentration of defects, RI.K’\ the elastic scattering onntpe core, R.I’Iz.y’\gT) the

inelastic scattering on the dynamical perturbance, cRj® (T) << cR.h( . In
accordance with /10, 11/
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At small density of defects when <PNACT) »

and pT increases together with the defect concentration c. If cR " << P22/ATHN

That means p,j, is the "ideal" resistivity of the metal without impurities. In terms
of this approximation it is difficult to understand the cause of the possible
negative DMR.

The increase of p” becomes progressively smaller with decreasing temperature
and when p > pt the variational principle first proposed by Kohler has been
used in the discussion. According to this principle p(T) can be represented as
p(T) £ pQ+ p ~ (where p~ is the phonon resistivity). Also in this approach
Po and pph in dirty (pQ >> Pph) and pure (pQ << pph) limits are variables,
that is:

pp” increases with increasing defect concentration /5, 12/ as pph > pQ.
This relation between p , and p is confirmed by the experimental results in Fig.
1. One can see, that th:hvalues pT #4xIO'In ftcm and 107g flem without deformation
at 16 and 20 K, respectively, are larger than pQ at least to 6 % Therefore the
addition to pT increases with the increase of pQ, that corresponds to /8, 9/.

The dependences of Pmp in both cases are easily explained by elastic scattering
on lattice defects. Moreover the pt(e) curves both in the presence of vacancies
and in their absence are qualitatively similar and do not need for their
interpretation the anisotropic mechanism of scattering. Therefore Brown’'s
calculations /1/ identifying the dislocation core as the most effective source of

electron scattering fits perfectly to our considerations.
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