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Recovery of the Resistivity of Metals after
Cold-Working

IN communications in Nature!:?, measurements
have been described on the recovery of the electrical
properties of some metals after a deformation at
liquid-air temperature. 1t appeared that this re-
covery occurred in two steps, if the temperature of
the recovery-treatment was increased. .These results
were quantitatively rather rough, since the time
necessary to bring the wires to the recovery-
temperature could not be neglected.

More accurate measurements have now been carried
out on gold, silver and copper wires. The accompany-
ing graph shows the results. For each metal the
recovery-times were 15 and 45 min. Vacant lattice
sites can be accepted as the mechanism responsible
for the increase of Ap/p. These vacant sites are
produced during deformation and cause, together
with dislocations, the change of the electrical proper-
ties. The change of the mechanical properties is
assumed to be caused only by the pattern of
dislocations.
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Recovery of Ap/e may be produced by diffusion
of the vacant lattice sites, during the recovery-
treatment, to regions where their influence on the
resistivity is negligibly small. These regions may be
dislocations or the grain- or mosaic-boundaries. With
this assumption it can be shown that the average
concentration of vacant lattice sites in a grain, ¢, is,
to a first approximation (for times not too small),
given as a function of time by

c 6 Dt
(;o = ;!772 exp {— n? 13—2};

where ¢, is the concentration for ¢ = 0, D is the
diffusion coefficient, and R is the radius of a sphere,
which is assumed to be the shape of the grain or
mosaic.

The relation between one time (¢) and one tempera-

ture (7'), which gives a certain value of Z/cu, is

(2)

1)

t = A exp [Q/kT],

as follows from (1) ; A4 is given by
(3)

Q is the activation energy for one jump of the vacant
lattice site; D,isa constant in D = D, exp {—Q/kT}.

These results can be applied to the experiments,
since c,/c corresponds with the relation AB/CD of
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the recovery-curves. It is thus assumed that the
extra-resistivity is proportional to the average con-
centration of vacancies.

The following results were obtained :

(1) The value of Q can be calculated. This value
appears to be a constant for one step of a certain
recovery-curve. When the activation energy for the
first step is called @,, and when @, represents this
energy for the second one, it was found that :

Q;ineV. Q. in eV
Gold 0-29 0-69
Silver 0-18 065
Copper 0-20 0-88

This suggests that the mechanism of the second
step is indeed the diffusion of single vacant lattice
sites. It is possible that the first recovery step is
produced by the diffusion of special aggregates of
vacant lattice sites.

(2) When the value of A is plotted against

In {%’ . :—2}, a straight line is obtained for gold and
copper. This relation is predicted by the diffusion
formula (3). '

(3) With the experimental value of € = R*/n%D,
an estimate can be made of R. It was found that,
for gold and copper, R is of the order of 1 p.
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Striations on Prism Faces of Quartz

StriaTions perpendicular to the Z-axis frequently
occur on prism faces of quartz. They are often
attributed to an ‘oscillatory combination’ of the
prism and adjacent rhombohedron faces; but
although this sometimes undoubtedly occurs (leading
to tapered and ‘candle’ crystals), we believe that it is
not the correct explanation of striations on well-
developed crystals. A study of the surface topo-
graphy of a number of natural crystals and a few
synthetic crystals shows that the striations can be
attributed to a difference in the rate of spreading
of growth sheets parallel and perpendicular to the
Z-axis.

The shape of the growth sheets on the prism faces
of natural crystals is a parallelogram with two sides
perpendicular to the Z-axis. The successive genera-
tion of growth sheets, from nuclei which frequently
lie on the edge of the face or along a twin boundary
intersecting the face, leads to the formation of low-
angle growth pyramids. Fig. 1 is a photograph of
these pyramids (Z-axis vertical). Two sides of the
pyramids are much steeper and longer than the other
sides, owing to the differential rate of growth parallel
and perpendicular to the Z-axis. The steeper sides
thus give rise to striations, although their gradient
is at most 15°, that is, considerably smaller than the
angle of 38° required by the oscillatory-combination
theory. This explanation of the striations has also
been given by A. F. Seager’.
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