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Quantum electronics gets a successful, interesting text

Principles of Quantum
Electronics

~ D. Marcuse
507 pp., Academic, New York, 1980 (first

published 1970). $35.00
Reviewed by Melvin Lax

Principles of Quantum Electronics by
Dietrich Marcuse is an excellent intro-
duction to quantum electronics. The
author has achieved the objectives of
writing both a highly readable text,
- useful for graduate students in physics
and electrical engineering and for
- professionals who prefer detailed ex-
planations and a review of the underly-
ing principles of quantum mechanics.
- Indeed the book could be used as a text
- in a quantum mechanics course in
which all the applications are quantum
~ electronic.
The strength and weakness of this
- book stem from the same source: that
. itis designed to be an introductory text.
Thus it comes replete with the neces-
sary problems expected of an adequate
text. It also comes with a review of
quantum mechanics from the Dirac
~ point of view. While the latter might be
boring to a professional or to a physics
student who has just completed an
appropriate course in gquantum me-
' chanics, it is probably necessary for
many readers.
~ Marcuse begins with a detailed re-
. view of the Schrodinger, Heisenberg
and interaction representations. He
' then applies field quantization to pho-
tons and phonons. Here Marcuse’s ten-
dency to simplify, which makes this
book (and his earlier book on light
transmission optics) so readable, has
occasionally gone too far. For example,
although he states on page 40 that
“variables whose operators do not com-
-mute cannot be measured simulta-
'neously,” in section 6.3 he points out
the equivalence between simultaneous
-measurement of ¢ and p and a hetero-
dy'ne detector. In this discussion he
fails to refer to the work of his col-
leagues E. Arthurs and J. L. Kelly Jr.,
and James P. Gordon and William H.
Louisell, who have provided the mod-
ern discussion of simultaneous mea-

surement of noncommuting observa-
bles. Similarly, he recommends the

quantization of electrical and mechani-
cal waves “from the need to replace all
observable quantities (variables) of
physics by operators. . ." without indi-
cating that the quantization of the
electromagnetic field is based on the
proof of Bohr and Rosenfeld that elec-
tric and magnetic fields cannot be mea-
sured simultaneously with complete
precision.

Another oversimplification is Mar-
cuse's derivation of -eE-r from -ep-A/m
by a procedure that he states is “not
much more than a memory aid.” The
reader, however, is not told that the r-E
interaction is superior to that of the
p-A interaction because the latter leads
to precursors that travel faster than
the speed of light and must be canceled
by the instantaneous Coulomb interac-
tion, as pointed out in 1957 by B. Power
and S, Zienau.

These occasional lapses into oversim-

plicity can be forgiven because of the
author's highly readable and provoca-
tive style. While the book is full of
formulas, the emphasis is on ideas, and
provocative ones at that. For example,
Marcuse states on page 54 that a classi-
cal theory (of the electromagnetic field)
cannot account for the photoelectric
effect, photon counting statistics, spon-
taneous emission of radiation and its
relation to the fluorescence of lasers,
quantum noise and precise measure-
ment of field variables. Later he dis-
cusses these points in detail.
Marcuse gives a thorough and clear
discussion of electromagnetic response
to a classical current source in both the
Schrodinger and Heisenberg pictures.
He applies this procedure to the inter-
action of an electron with an L-C oscil-
lator. He calculates stimulated emis-
sion both classically and quantum
mechanically and extends this applica-
tion to the transit-time oscillator. He
clearly makes the point that quantum

SOCIETE NUGLEAIRE
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\ LEINERGIE
NUCLEAIRE

MOUVEMENT ECOLOGIQUE

65, boulevard Arago — 75013 Paris

“Nuclear Society, ‘Soci-
ety of Cops.”" This
poster appears, courtesy
of Secretariat National du
Mouvement Ecologique, in
The Atom Besieged. Ex-
traparliamentary Dissent in
France and Germany by
Dorothy Nelkin and Mi-
chael Pollak (248 pp. MIT
Press, Cambridge, Mass.,
1980. $17.50). The au-
thors studied France and
Germany, countries similar
in economic and social de-
velopment that simulta-
neously escalated their
commitments to nuclear
power, with little parlia-
mentary debate. In both
antinuclear movements
mobilized. In France, op-
position had little impact
on policy. In Germany it
halted nuclear power de-
velopment. "The book's
comparative analysis
shows how the distinct po-
litical systems and cultural
traditions of each nation
shaped the protest move-
ments and determined

their policy effects.”

PHYSICS TODAY / MARCH 1981 65



Mail to:
EG&G PRINCETON
APPLIED RESEARCH

P. O. Box 2565

Princeton, NJ 08540, USA
609/452-2111

Name

Title

Facility

Address

City

State Zip

Phone

551

See us March 16-18 at the APS Show in Phoenix, Booths 20, 21
Circle No. 36 on Reader Service Card

Burke, SPACETIME, GEOMETRY, COSMOLOGY
$22.50 cloth only

An ideal text for a senior/first year graduate course dealing
with relativity and gravitation.

"“This is an excellent book, which presents its subject with
great clarity and unusual, physically useful, examples."
GRG. Selected in December by the Astronomy Book

Club.
Goldsmith, The Quest for Extraterrestrial Life: A Book
of Readings
$18.00 cloth
$12.00 paper

This collection of readings, with an introduction by Fred
Hoyle, is the first to put the SETI question in historical as
well as intellectual and scientific perspective.

"“This collection of 58 readings, from Lucretius in 70 B.C.
to planetary scientist Michael Hart's 1979 calculation of
the ‘habitable zones' around starts, is exhilarating for its
range of imagination, boldness of extrapolation, and va-
riety of expertise." Discover/February 1981

For examination copies, write:

Marketing Director
University Science Books
20 Edgehill Road
Mill Valley, California 94941

Deduct 15% for prepaid orders.
Publisher will pay postage.
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mechanical procedures perform
phase averaging that must be dop
explicitly in a classical treatment,

Marcuse exploits the idea that .
quantum field can be expressed as
classical field plus the quantized vaey
um field and shows in amplifier caley
lations that the zero-point energy is ng
amplified. He demonstrates that th
photocount statistics of thermal nois
filtered to a narrow bandwidth do not
equal the photocurrent statistics of ¢
coherent laser beam.

Marcuse introduces density opera:
tors, which he applies to laser amplifi
ers and oscillators as well as to second
harmonic generation, parametric up
conversion, Raman scattering, Ray-
leigh scattering and modes in a lossy
waveguide.

His book is provocative, readable and
an excellent text, but slightly dated
since nine of the chapters stem from an
earlier book, Engineering Quantum
Electronics, that should not have been
allowed to go out of print.
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Melvin Lax is professor of physics at the City
College of the City University of New York

Atomic Structure

E. U. Condon, H. Odabasi.
674 pp. Cambridge U. P., New York, 1980.
$49.95 cloth, $18.95 paper

Together with spectroscopic data of
ever-increasing precision, the theory of
atomic structure provides sensitive
probes not only for atomic physies but
also for a wide range of topics, such as
interstellar matter, parity violation,
plasma diagnostics and exotic atoms.
Substantial progress has been made in
the study of atomic structure in the
past few decades, particularly in Racah
algebra, application of group theory
and the use of digital computers. One
of the classic texts on this subject is The
Theory of Atomic Structure by Edward
U. Condon and George H. Shortley,
frequently cited by specialists as TAS
Although the subject of this review
started out as a revised edition of TAS,
Condon passed away in 1974 before he
and Halis Odabasi could finish their
task. As Odabasi states in the Preface,
“the present book is not a new Condon
and Shortley,” but it “is intended tobe
a text for seniors or first-year graduate
students.” Even with this less ambi
tious goal, it is a difficult, if not imposst
ble, task to put everything into a text
compact enough to be of a managed
size, and still explain enough detailsf
students to follow. The authors origi*
ally decided to write two volumes,
second to include such topics as
relativistic theory of atomic structur®
radiative transition, electron correls
tion, and the Zeeman and Stark &




