
Physics Today 
 
The roots of polaron theory
Mark I. Dykman and Emmanuel I. Rashba 
 
Citation: Physics Today 68(4), 10 (2015); doi: 10.1063/PT.3.2735 
View online: http://dx.doi.org/10.1063/PT.3.2735 
View Table of Contents: http://scitation.aip.org/content/aip/magazine/physicstoday/68/4?ver=pdfcov 
Published by the AIP Publishing 
 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:  35.9.68.241

On: Fri, 03 Apr 2015 18:18:28

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1464821206/x01/AIP-PT/KNF_PTArticleDL_032515/PhysicsToday_DD_pumps_1640x440_banner.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/content/aip/magazine/physicstoday?ver=pdfcov
http://scitation.aip.org/search?value1=Mark+I.+Dykman&option1=author
http://scitation.aip.org/search?value1=Emmanuel+I.+Rashba&option1=author
http://scitation.aip.org/content/aip/magazine/physicstoday?ver=pdfcov
http://dx.doi.org/10.1063/PT.3.2735
http://scitation.aip.org/content/aip/magazine/physicstoday/68/4?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov


10 April 2015 Physics Today www.physicstoday.org

readers’ forum

shock wave capable of cracking and
 fissioning off the explosion-modified
mantle to form the Moon. An in situ
Moon formed by self-gravitation would
then be thrust through proto-Earth’s
surface, shattering the Moon surface to
a certain depth and creating a tempo-
rary birth hole and signature effects on
Earth. Such a violent lunar birth would
also produce telltale explosive features
on the Moon.
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■ Stevenson replies: I thank these let-
ter writers for their alternative sugges-
tions. Actually, neither is really new,
and my failure to mention them—or
others—is not because I was unaware 
of their existence, but rather because of
the major challenges that these alterna-
tives must overcome. In the Lagrange
point scenario, which is widely known
in the community, the challenge is to
devise a story in which such bodies nat-
urally arise in the context of a model
that explains the planetary system, not
just Earth–Moon. It is not sufficient to
postulate them. A new paper1 might
suggest that the similarity of the im-
pacting body and target is not so unrea-
sonable. In the more astonishing fission
story, the challenge lies in the basic
physics of the proposed process, which
is questionable.
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Notes on 
the history of the
Coriolis effect

Acolleague recently shared with
me some back issues of PHYSICS
TODAY. In one of them (August

2011, page 8), Christopher Graney
wrote that the deflection of moving

 objects seen from within a rotating frame
of reference was described by Giovanni
Riccioli and Francesco Grimaldi in 1651,
nearly two centuries before Gaspard-
Gustave Coriolis obtained his celebrated
theorem on relative motion. But it should
be pointed out that Riccioli and Grimaldi
were elaborating on an argument dis-
cussed by Galileo Galilei two decades
earlier, in 1632: In the second day of his
Dialogue Concerning the Two Chief World
Systems, Galileo explains,

In shooting the cannon, it and the
target are moving with equal
speed, both being carried by the
motion of the terrestrial globe.
 Although the cannon will some-
times be placed closer to the pole
than the target and its motion will
consequently be somewhat the
slower, being made along a
smaller circle, this difference is
insensible because of the small
distance from the cannon to the
mark.1

Thus, whereas Galileo argued that the
deflection produced by a rotating Earth
was too small to be observed, Riccioli
and Grimaldi argued that the lack of ob-
servation was proof of a steady Earth.

Continuing the discussion, Manuel
López-Mariscal (PHYSICS TODAY, No-
vember 2012, page 8) wrote that it is
well known that Pierre Simon Laplace
used the Coriolis force in his study of
ocean tides in 1775. Earlier instances of
the use of the Coriolis force are not so
well known: Euler’s equations govern-
ing the motion of a liquid in a rotating
tube and Clairaut’s equations govern-
ing the constrained motion of two
masses in a plane.2 None of those an-
tecedents should, however, undermine
the fact that Coriolis’s theorem is one 
of the great achievements of classical
mechanics.3 Sometimes it is cursorily
stated that Coriolis derived the force
acting in a rotating system, but his the-
orem actually gives the complete trans-
formation of the equations of motion
for any moving frame. So, for example,
Jean-Baptiste Bélanger used Coriolis’s
theorem to study the motion relative 
to a translating system:4 For uniform
motion, he found that the equations are
the same as in a system at rest (Galilean
invariance), whereas for accelerated
motion, he found that a uniform force
field has to be added to the equations5

(equivalence principle).
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The roots of 
polaron theory

In his review of the book Polarons by
David Emin (PHYSICS TODAY, October
2014, page 54), Jozef Devreese prop-

erly emphasizes the role of large po-
larons as both a general theoretical con-
cept and a physical object. Polarons are
electrons dressed by a cloud of virtual
phonons in solids. To the best of our
knowledge, they present the first ex -
ample of propagating self-localized 
excitations in a quantum field theory.
Devreese lists brilliant theorists who
were inspired by the theory of polarons
and significantly contributed to it, but
he makes a serious omission when it
comes to the roots of the polaron theory
and the very origin of the term
 “polaron.”

The general idea of electron trapping
by a crystal lattice goes back to the sem-
inal 1933 paper by Lev Landau.1 That
paper, which Devreese mentions, is
 primarily concerned with the resulting
lattice defects, such as color centers in
sodium chloride. Landau does not spec-
ify the trapping mechanism and con-
trasts a trapped electron with what he
refers to as a freely moving electron.

The polaron was proposed, and the
term coined, by Solomon Pekar. In two
papers2 published in 1946, he devel-
oped a self-consistent theory of a large
polaron as a spontaneously trapped
state of an electron strongly coupled to
the induced polarization of atomic dis-
placements in an ionic crystal. In his ini-
tial papers, Pekar considered polaron
states to be “local,” but in the follow-up
papers3 he identified polarons, rather
than band electrons, as charge carriers
in ionic crystals. That concept was de-
veloped and substantiated in a joint
1948 paper by Landau and Pekar in
which they calculated the effective
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mass of a large, strongly coupled po-
laron.4 Regarding the role of polarons as
charge carriers, that paper states that
Pekar proposed “a new point of view
concerning the electron conduction of
ionic crystals. According to it, the cur-
rent carrier is just a polaron, rather than
a free electron in the conduction band.”

The paper by Landau and Pekar
 appeared at the time of burgeoning
progress in quantum electrodynamics
(QED). In contrast to QED, the polaron
theory is free from divergences, and the
renormalized electron energy and mass
remain finite. Also in contrast to QED,
the polaron theory was initially a
strong-coupling theory. For those rea-
sons, it attracted much attention be-
yond the condensed-matter commu-
nity. The extension to intermediate and
weak coupling quickly followed.5

Today the physics of polarons contin-
ues to thrive and expand into new
areas.
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Abdus Salam center
cultivated science,
transcended politics

The story by Jermey Matthews
(PHYSICS TODAY, October 2014, page
20) about the role of the Abdus

Salam International Centre for Theoret-
ical Physics (ICTP) in the developing
world was interesting and informative.
It also evoked memories from 20 years
ago, when I was a student in the ICTP
postgraduate diploma program. I was
the first Albanian student accepted into
its condensed-matter-physics track, in
the 1993–94 school year. 

I and probably many other former
students will attest that these ICTP pro-
grams were an excellent opportunity
for students to prepare for graduate
school and receive a quick and inten-
sive immersion in frontier topics of re-
search. The ICTP also provided a life-
changing experience for many students
who were not able to pursue their
physics dreams at home. Following the
diploma program, I moved on to obtain
a PhD in theoretical condensed-matter
physics and eventually took a position
in academia in the US.

I also want to highlight the impor-
tant role of the ICTP in bridging the
East–West political divisions of the
time. Even its location—in Trieste, Italy,
close to the Cold War border in Eu-
rope—transmitted a sense that the 
place rose above challenges and
brought people together. The institute
clearly demonstrated that science tran-
scends politics, and it inspired many
physics students and faculty through-
out Eastern Europe. That closing of
 political divisions is an amazing side 
of the story of the ICTP. 
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