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Comments are offered on two papers by Babiskin and Siebenmann, and it is suggested that additional
experimental evidence is needed to justify the conclusions of the papers.

Two letters™? have been recently published by
Babiskin and Siebenmann (B and S) on the mag-
netoresistance and Hall effect in potassium, These
two letters account for the puzzling linear mag-
netoresistance of potassium in terms of macro-
scopic inhomogeneities present in the potassium
specimens, We have serious reservations about
the validity of this explanation, and wish to com-
ment here on the B and S letters in the light of
presently published experimental results on potas-
sium, First, however, it is useful to discuss the
broad context of this work,

The galvanomagnetic properties of the alkali
metals have been studied for several decades.>™3
The electronic structure of these metals is widely
thought to be exceptionally simple. In the case of
potassium, de Haas-van Alphen measurements
have shown the Fermi surface to be spherical to
about 0.1%.!* Thus, the alkali metals, and potas-
sium in particular, should be natural systems in
which to test the electron theory of metals. The
conventional semiclassical treatment of electron
transport in homogeneous metals!® makes unam-
biguous predictions about the transport coefficients
for metals having a closed Fermi surface, such
as potassium. In strong magnetic fields, the mag-
netoresistance is predicted to saturate and the
Hall coefficient is predicted to have the isotropic
value 1/ze (in mksa units, where 7 is the electron
density).

In contrast to these predictions, the general ex-
perimental observation is that the resistance in-
creases linearly with magnetic field in the high-
field regime. Some experiments show the Hall co-
efficient decreasing at high fields, while others

(%]

show little, if any, change. Clearly, there is a
disagreement between the predictions of transport
theory and the magnetoresistance measurements,
and some confusion as regards the Hall-coefficient
measurements. A number of suggestions'® con-
cerning the origin of the linear magnetoresistance
have been made, but many of these have not proved
to be completely satisfactory, and others must
stand the test of further experiments. With these
remarks of introduction, we turn to the two letters
of B and S.

In the first letter, ! data for the magnetoresis-
tance of five polycrystalline potassium wires are
presented. In addition, a model for the magneto-
resistance of potassium is advanced for which it is
stated that “all the qualitative features of the ex-
perimental results can be consistently explained. ...’
According to this model the magnetoresistance of
potassium is composed of contributions from sev-
eral sources, all of which except one “saturate”
or become field independent at strong magnetic
fields. The remaining anomalous term increases
as a linear function of magnetic field even to w, 7
values of several hundred (w, is the cyclotron
frequency and 7 is the electron relaxation time).
In their letter, B and S conclude that this linear
magnetoresistance results from the presence of
“macroscopic spatial inhomogeneities” in their
samples, according to a model first proposed by
Herring!” in 1960. This conclusion is based pri-
marily on their observation that the observed slope
of the linear magnetoresistance is strongly de-
pendent on the details of sample preparation, an
observation also made by other workers.

In the second letter,? S and B make use of their
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model for the linear magnetoresistance to analyze
a related problem, the field dependence of the Hall
coefficient of potassium. After examining three
specimens, S and B present data on one of them
which show a field-independent Hall coefficient and
a very small linear magnetoresistance. Drawing
on the conclusion from their first paper, S and B
infer from the small linear term that their samples
are homogeneous and that the observed field de-
pendence of the Hall coefficient seen by other
workers therefore arises from sample inhomoge -
neities.

There are several observations which we wish
to make, both about this work and about the general
problems inherent in galvanomagnetic studies of
the alkali metals.

(i) We do not believe that sufficient evidence has
been presented by B and S to support their asser-
tion that the linear magnetoresistance arises spe-
cifically from macroscopic sample inhomogeneities.
On the other hand, if one regards their description
of the source of the linear term as conjecture, then
we do not take issue with them; several of us, in
fact, have considered this mechanism in the past.™!?
In our judgment the only way to demonstrate ex-
perimentally the applicability of the Herring theory
to potassium is to show a direct correlation of the
slope of the linear magnetoresistance with an in-
dependently determined quantitative measure of
sample inhomogeneity. To our knowledge this has
not yet been done.

(ii) The main conclusion of the second letter by
S and B—that the anomalous Hall coefficient of
potassium arises from macroscopic sample in-
homogeneities —is entirely dependent on the valid-
ity of the model proposed in the first letter. As
stated before, we do not regard this first model
as having been adequately tested by experiment,
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so that we must at this point regard the conclusion
of the second letter as merely an interesting con-
jecture. In this regard, and in view of some evi-
dence to the contrary,” we feel that the claim by

S and B? that “the anomalous behaviors of the Hall
coefficient and magnetoresistance can be system-
atically correlated with each other and with the
presence of many sources for macroscopic in-
homogeneities. . . ” cannot yet be generally accepted
until publication of additional corroborating data.

(iii) As a more general comment, we would like
to stress the importance of describing fully the de-
tails of sample preparation and handling when re-
porting result in this subject. For example, in the
case of samples made by drawing molten potassium
into plastic tubing (this is the method used by B and
S), questions arise concerning the relative thermal
contraction rates of potassium and plastic, and the
annealing history of these samples. These questions
are very significant because it has been shown that
the magnitude of the linear magnetoresistance can
be influenced by strain and the state of anneal.”!?

Inasmuch as it has been demonstrated repeatedly
that the high-field galvanomagnetic coefficients of
potassium (and the other simple metals as well)
can be greatly affected by sample -handling tech-
niques, it is impossible to assess the significance
of any experimental results unless full experi-
mental details are given. Because of the mandatory
size restriction it would appear to us that letters
do not represent the most desirable format for re-
porting research in this subject.

In conclusion, we find that the existing experi-
mental evidence is not sufficient to justify the con-
clusion of B and Sthat the linear magnetoresistance
in potassium is caused by the presence of macro-
scopic inhomogeneities. Additional experimental
work will be necessary to clarify this problem.
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