READERS' FORUM

in multiply connected specimens.
Whereas a simply connected voidless
specimen can serve to realize only a
single Hall effect on the bar’s exterior
boundary, many voids with interior
boundary contacts, or anti-Hall bars, can
be placed within a multiply connected
specimen. By injecting a current through
the interior boundary of each anti-Hall
bar, we showed that it is possible to ob-
tain multiple simultaneous Hall effects
in a single specimen, one from each anti-
Hall bar. Thus the sign of the Hall effect
in the multiply connected specimen is
not a direct indicator of the sign of the
Hall coefficient, as is the case in the sim-
ply connected Hall-bar geometry.

The relation between Hall-effect
measurements made on a standard Hall
bar and on an anti-Hall bar can be under-
stood as follows. Imagine that a standard
Hall bar, with contacts on the exterior
boundary, has a single void in the inte-
rior. The sample can be transformed into
a single anti-Hall bar via an inversion
transformation—that is, by turning the
sample inside out. The transformation
shifts the exterior boundary and contacts
to the sample’s interior while moving the
boundary of the hole to the exterior.

Suppose the direction of the magnetic
field is fixed. If the exterior Hall voltage
is positive for positive current in the Hall
bar with a void, turning the sample in-
side out to obtain the anti-Hall bar pro-
duces a negative Hall voltage on the in-
terior boundary. That'’s because the
sample’s orientation becomes flipped
with respect to the magnetic field. A
characteristic of the Hall effect is that the
sign of the Hall voltage reverses when
the direction of the magnetic field re-
verses. Consequently, the inversion
transformation reverses the sign of the
Hall effect on the interior (anti-Hall bar)
boundary with respect to the Hall effect
on the exterior (Hall bar) boundary.

The repeating unit in the metamaterial

Lettersand commentary are encouraged
and should be sent by email to
ptletters@aip.org (using your surname
as the Subject line), or by standard mail
to Letters, PHYsICS TODAY, American

TuDAY Center for Physics, One Physics Ellipse,
1 College Park, MD 20740-3842. Please

include your name, work affiliation, mailing address, email
address, and daytime phone number on your letter and
attachments. You can also contact us online at
http://contact.physicstoday.org. We reserve the right to
edit submissions.

CONTACT

14 PHYSICS TODAY | JULY 2017

shown on the February cover is a torus
with contacts either on the inner or outer
boundaries. The reported sign reversal is
therefore the effect that I and my colleague
discovered more than 23 years ago.
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Sulfur hydride and
superconductivity
theory

n his comments in “Unmasking the

record-setting sulfur hydride super-

conductor” (PHYSICS TODAY, July 2016,
page 21) Sung Chang quotes Mari
Einaga, who explains that the Bardeen-
Cooper-Schrieffer (BCS) theory “was
largely abandoned because of the dis-
covery of cuprates and other unconven-
tional superconductors.” We believe that
is true, and it has curtailed development
of the BCS theory. Indeed, Jorge Hirsch,
in a dramatic review,' has called the
whole theory into question.

Hirsch listed metallic hydrogen and
metal hydrides as examples of the failure
of the BCS theory’s predictive power:
The predicted high transition tempera-
ture, T, in those two cases has not mate-
rialized.! However, in an ironic twist,
Mikhail Eremets and colleagues have
recently found T, = 203 K in sulfur hy-
dride.? Their finding appears to vindi-
cate the BCS theory because Tian Cui
and his team had used the theory® to pre-
dict the record-breaking high T, before
the experiment by Eremets and col-
leagues, and Ion Errea and coworkers
later verified Cui and coworkers’ results
theoretically.* Both groups used the
McMillan formula (derived from a gen-
eralized version of BCS theory), which

relates T, to the electron—phonon cou-
pling strength and the Coulomb
pseudopotential, a measure of the
Coulomb repulsion between electrons.

Despite that twist, Hirsch does have
other points that need serious consider-
ation. He argues that in the BCS theory,
the Coulomb pseudopotential acts as a
wild card that can be freely adjusted to
fit the theory with any experimental re-
sult.! The Coulomb pseudopotential,
0.16 from a private communication with
Errea, is unusually large compared with
its typical value of approximately 0.12.
The discrepancy needs to be explained.

We note, too, that the electrical resis-
tivity of sulfur hydride under pressure in
the normal state is experimentally mea-
sured in reference 2 but is not theoreti-
cally evaluated in references 3 and 4. The
theoretical evaluation should be consis-
tent with the experimental measurement
because, according to BCS theory, both
resistivity and superconductivity arise
from the same electron—phonon interac-
tion. Historically, a considerable number
of researchers attempted but were un-
able to find consistent resistivity and
superconductivity theoretically, even in
simple metals.’ The significance of those
failures should not be underestimated. A
similar evaluation should be made on
sulfur hydride, and an understanding
sought of the unusually large Coulomb
pseudopotential there.

In his article, Chang states that “the
BCS theory has a deceptively simple
recipe for achieving high T.: Create a
high density of conduction-electron
states and couple the conduction elec-
trons to high-frequency phonons.” But
he voices caution. Perhaps understand-
ing normal-state electrical resistivity and
Coulomb pseudopotential in sulfur hy-
dride can be of some help in getting to
the bottom of the problem.
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