1/ksT = 0 axis. If the quantity measured is
the frequency of a process, as is often the
case in solid-state physics, the prefactor A
can be called the attempt frequency, with
A being the limiting time required to sur-
mount the activation barrier as the tem-
perature approaches infinity. In textbook
examples, for small E,, this approach yields
plausible values for such frequencies. Fur-
ther, if the E, of such a process is modified
only slightly, the intercept does not change.

Starting with reports by Frederick
Hurn Constable' in 1925 and by Wilfried
Meyer and Hans Neldel® in 1937, re-
searchers have done a great number of
experiments on sets of closely related
materials and systems in which the pre-
factor of Arrhenius plots of a related set
varies systematically with E,. While care
must be taken to avoid artifacts, it has
been clear for some time that the phe-
nomenon is real.? For a wide-ranging va-
riety of sets of related physical, geologi-
cal, biological, and chemical phenomena,
the logarithms of those intercepts vary
linearly with E,. That also means the Ar-
rhenius fit lines cross at an isokinetic tem-
perature at which the rate is independent

of E,. Those observations have various
names: the isokinetic rule, the compensa-
tion law (because the increase in the pre-
factor partially compensates for the in-
crease in E,), and the Meyer—Neldel rule.

The meaning and explanation of the
Meyer—Neldel rule were long considered
to be a mystery, but work by a number of
groups in the final decades of the past
millennium provided a clear theoretical
framework for both kinetic and equilib-
rium systems. The key to activation is
not the energy or enthalpy; it is the free-
energy change, which includes an entropy
term. When the activation barrier is large,
the entropy change increases with E,, and
that increases A.

In 2006 one of us (Yelon) coauthored
a review of the state of the art in experi-
ment and theory,* which have continued
to evolve since. Systematic studies yield
information concerning the characteris-
tic energy of the collective excitations—
phonons or local vibrations—that are
aggregated to surmount the activation
barrier.” In some cases, notably studies of
electronic or ionic conductivity, important
information concerning mechanisms can

be obtained. Like the Arrhenius relation
that spawned it, the Meyer—Neldel rule
is an elegant way to gain insight into
the fundamental interactions governing
temperature-dependent processes.

1. F.H. Constable, Proc. R. Soc. London A 108,
355 (1925).

2. W. Meyer, H. Neldel, Phys. Z. 38, 1014
(1937).

3. W. Linert, Collect. Czech. Chem. Commun.
55, 21 (1990).

4. A.Yelon, B. Movaghar, R. S. Crandall, Rep.
Prog. Phys. 69, 1145 (2006).

5. A. Yelon, B. Movaghar, H. M. Branz, Phys.
Rev. B 46, 12244 (1992).
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The Institute of Advanced Science Facilities, Shenzhen

Calls for Ambitious Talents in Light Source Facilities

The Institute of Advanced Science Facilities, Shenzhen (IASF) is a
research institute which is responsible for the whole life cycle plan-
ning, construction, operation and maintenance of the integrated
particle facilities.

IASF is a multi-disciplinary research center based on the integrat-
ed particle facilities in Shenzhen, Guangdong Province, China. At
the primary phase, two active infrastructure projects recently have
been being funded and under design and construction, a diffraction
limited synchrotron light source and a Shenzhen superconducting
soft-X-ray free electron laser (S°FEL).

The Shenzhen synchrotron light source has a fourth-generation dif-
fraction-limited storage ring with the electron energy of 3 GeV at a
low emittance of 50-150 pm-rad. It provides photons with a broad
range of energies from 4 MeV to 160 keV and a brightness of 107!
phs/sec/mm?/mrad?/01%BW.

S3FEL consists of a 2.5 GeV CW superconducting linear accelerator
and four initial undulator lines, aims at generating X-rays between 40
eV and 1keV at rates up to IMHz. With these two facilities, IASF will
become a world-class light source science center.

IASF is hiring motivated and inspired people to plan, design and
construct the multiple extremely bright sources. We are looking for
ambitious, talented ones who are excited about playing a vital part
in the future of science.

Position Requirements

Interested candidates in physics, photonic and optical engineering,
vacuum engineering, electronic and electrical engineering, auto-
matic control, computer science and engineering, mechatronics
engineering, mechanical engineering.

Applicants for senior scientists and engineers should have an estab-
lished research program with rich engineering experience and big
science facility construction background.

Applicants whom expert with the undulator, beam diagnostic, radi-
ation safety, mechanical engineering, vacuum technology, magnet
technology, installation, and collimation, etc. are encouraged to ap-
ply for system group head.

Benefits & Salary

We offer competitive salary with high standard social insurance and
housing fund, paid annual leave and assistance in application for
children’s school, talent program, and resident permit.

Application Method

Please submit a cover letter and CV to talents@mail.iasf.ac.cn, and
http://www.iasf.ac.cn for more information.
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tween seemingly unrelated phenomena.
His brief reminder of Svante Arrhenius’s
major contributions to science—and in
particular, his now-famous empirical re-
lation describing the rate of thermally ac-
tivated processes—is thought-provoking.

There is, however, a minor point ap-
pearing in the caption of figure 2, show-
ing electron density versus inverse tem-
perature, that needs clarification. If we
concentrate on the high-temperature
(left) portion of the graph, the “reaction”
involved is the generation of an electron—
hole pair (analogous to electron—positron
pair production in particle physics), for
which the Gibbs free-energy change is
what is known as the energy gap E,.
For that reaction, the product of the
electron density n and hole density p
is given by np « exp(-E,/k;T), where k;
is the Boltzmann constant and T is ab-
solute temperature.! At the high temper-
atures on the left side of the graph, the
semiconductor is nearly intrinsic, so
n =p < exp(-E,/2k;T), which is where the
factor of two in the denominator of the
slope originates.

The caption states that the “factor of
two in the denominator arises because

electrons obey Fermi-Dirac statistics
rather than classical Boltzmann distri-
bution.” But at such high temperatures,
Fermi-Dirac statistics approximates the
Boltzmann distribution, so it cannot be
the reason for the factor of two as the
caption states. A similar explanation
applies to the ionization of neutral
donors.?

1. C. D. Thurmond, ]. Electrochem. Soc. 122,
1133 (1975).
2. R. W. Christy, Am. ]. Phys. 40, 40 (1972).
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Another way to
define physics

n his letter “But what is physics?”
(PHYSICS TODAY, April 2021, page 12),
Peter Zimmerman raises an interesting
question about physics and physicists.
He recalls the definition given by his for-

mer professor Leonard Schiff: “Physics is
whatever physicists do.”

Schiff’s definition, however, seems like
a tautology. I prefer one given by Gabriel
Weinreich:

Physics is delineated, not by its
subject matter, but by the methods
of thought that a physicist uses.!

Additionally, in their December 1995
article in PHYSICS TODAY (page 25), Sol
Gruner, James Langer, Phil Nelson, and
Viola Vogel provide a definition of physi-
cist that I still treasure:

The physicist is most cogently
identified, not by the subject stud-
ied, but by the way in which a sub-
jectis studied and by the nature of
the information being sought.

Both definitions point to the methods
involved.

1. G. Weinreich, Am. ]. Phys. 61, 1067 (1993).
Julian Ting
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Taichung, Taiwan

The Department of Aerospace and Mechanical Engineering
(https://ame.usc.edu) in the USC Viterbi School of Engineer-
ing invites applications for tenure-track or tenured faculty po-
sitions at all levels in all disciplines of Aerospace or Mechanical
Engineering with particular interests in Robotics and Autono-
mous Systems, Energy and Sustainability, Design and Manu-
facturing, and Medicine and Bioengineering, including candi-
dates whose research integrates Artificial Intelligence / Machine
Learning into these disciplines. The USC Viterbi School of En-
gineering is committed to increasing the diversity of its faculty
and welcomes applications from women; individuals of African,
Hispanic and Native American descent; veterans; and individu-
als with disabilities.

Successful candidates are expected to develop a world-class re-
search program within a stimulating interdisciplinary environ-
ment and demonstrate a strong commitment to teaching at both
the graduate and undergraduate levels.

Positions are available starting August 16, 2022. Applicants
must have earned a Ph.D., or equivalent, degree in Aerospace
or Mechanical Engineering or a related field by the beginning

of the appointment. Applications must include: a cover letter;
curriculum vitae detailing educational background, research
accomplishments, and work experience; a research plan; a
teaching and service plan; and contact information of at least
four professional references. Applicants are also required to
include a succinct statement on fostering an environment of
diversity and inclusion. In order to receive full consideration,
candidates should apply on-line at https://ame.usc.edu/
facultypositions/, and all materials should be received by Jan-
uary 3rd, 2022, although earlier application is encouraged; ap-
plications received after this deadline might not be considered.

The USC Viterbi School of Engineering is committed to enabling the
success of dual career families and fosters a family-friendly environ-
ment. USC is an equal opportunity, affirmative action employer. All
qualified applicants will receive consideration for employment without
regard to race, color, religion, sex, sexual orientation, gender identi-
ty, national origin, protected veteran status, disability, or any other
characteristic protected by law or USC policy. USC will consider for
employment all qualified applicants with criminal histories in a man-
ner consistent with the requirements of the Los Angeles Fair Chance
Initiative for Hiring ordinance.




