
THENEW
STANDARD IN UV/VIS
TUNABLE LASERS

CHROMATIX CMX-4

Since its introduction a few months ago, the Chromatix CMX-4 has
been demonstrated to hundreds of scientists in leading laboratories
all over the world. As a result of their enthusiastic response, the
CMX-4 is well on its way to becoming the standard by which other
tunable lasers are judged.

What has impressed scientists and investigators the most
about the CMX-4? Its excellence of design, its wide range of
usefulness, its ease of operation, its obvious ruggedness, and
its low price.

If you need high average power, high peak power, UV and
visible outputs, narrow bandwidth, and a host of other advanced
features that add up to real versatility and convenience of
operation, call or write for information on the CMX-4.

chrnmahx
1145 Terra Bella Avenue
Mountain View, California 94043
Phone: (415) 969-1070

-T°lex: 910-379-6440

In Europe:
D6903 Neckargemund-Dilsberg

Untere Strasse 45 a
Telefon (0 62 23) 70 61 /62
Telex 461 691

discusses these properties in a general
sense in terms of the technology of
light-emitting devices and then in a
more specific sense in terms of compar-
ing materials that are used today in
practical electroluminescent devices.

In the area of p-n-junction lasers, the
device is traced from its early concep-
tion, a simple diffused structure,
through the double epitaxial structure,
the single and the double heteros-
tructures. Throughout all of this, he
discusses the properties of these various
devices as well as their unique charac-
teristics. In addition those consider-
ations important for the continuous op-
eration of these lasers as well as the
pulsed operations are provided, along
with some of the basic definitions and
facts relating to the operation of p-n-
junction lasers. The final chapter of
the book treats applications of junction
electroluminescent devices. In particu-
lar it explains the use of light-emitting
diodes as indicators and as displays,
showing methods for driving displays as
well as practical display systems. It
also describes the use of infrared emit-
ting LED's and lasers in optical-com-
munication and radar systems.

This book is aimed at the uninitiated
technical reader, and for him will prove
to be a valuable source of basic informa-
tion about junction electroluminescent
devices.

P. D. DUPKUS
Bell Laboratories

Murray Hill, New Jersey

Physical Models for
Semiconductor Devices
J. E. Carroll
253 pp. Crane, Russak, New York,
1974. $11.25

Semiconductor Physics
K. Seeger
514 pp. Springer-Verlag, New York,
1973. $23.10

The rapid progress of research and
technology has created a situation
wherein general texts and reference
works about semiconductor physics and
semiconductor devices tend to get out
of date very quickly. Although the best
of those that have been written are still
useful, notably those by William Shock-
ley (Electrons and Holes in Semicon-
ductors, Van Nostrand, 1950) and R. A.
Smith (Semiconductors, Cambridge U.
P., 1961), new and up-to-date contribu-
tions to the literature in this field are
much needed.

John Carroll's Physical Models for
Semiconductor Devices is a textbook
for upper-level undergraduates and be-
ginning graduate students. Though it
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is addressed more directly to students
of electrical engineering and solid-state
device tenology, solid-state physicists
with interests in applied research in
areas related to semiconductor devices
will find it an extremely valuable refer-
ence work. Its attractiveness to the lat-
ter audience stems from the fact that it
presents a very clear and readable expo-
sition of the present state-of-the-art in
solid-state devices and integrated cir-
cuit technology for those who, like me,
have fallen a bit behind the times. In
doing so, the emphasis is everywhere on
the physics of the device structure rath-
er than upon black-box circuit theory,
though Carroll includes enough of the
latter where it is helpful in analyzing
circuit behavior.

A general introduction to semicon-
ductor materials and an elementary dis-
cussion of electronic processes in solids
is given at the beginning of the book.
This is followed by a very good and
quite thorough chapter on the physics
of the p-n junction. Carroll treats
junction transistors, both unipolar and
bipolar, in considerable detail and from
a refreshingly physical point of view.
In this discussion a very good summary
of materials problems and fabrication
techniques is included. He then takes
up the question of electronic and acous-
tic waves in crystal lattices, and he sets
forth an elementary treatment of lattice
dispersion, phonons, energy bands and
Brillouin zones. This section is rather
below the standard set by the book as a
whole, largely because the low level of
quantum theory the author uses re-
quires him to resort to quite a lot of
hand-waving that is not always very
convincing. The work is concluded by
three excellent chapters having to do
with metal-oxide-semiconductor struc-
tures, hot electron devices and solid-
state optical devices.

A very extensive acquaintance with
quantum mechanics or statistical me-
chanics is not assumed, though parallel
reading of recommended reference texts
is suggested. The style is informal and
easily readable, though Carroll's rather
offhand and conversational writing
sometimes leads to very imprecisely
phrased and even flatly incorrect state-
ments. Thus, the distribution function
is defined as "the probability of a state
at energy E being occupied"; bad
enough when Boltzmann or Fermi sta-
tistics are all that is required, but cer-
tainly incorrect when later repeated for
Bose-Einstein systems. He leads the
reader to think that V^E does not have
to vanish at Brillouin zone boundaries,
where the intent seems to be to say that
this quantity can be zero at points in
the interior of the Brillouin zone as well
as at the boundaries! On balance,
though, this is a good and useful text
that should be very successful in instill-
ing the lore of solid-state device physics

Topics
in
Applied
Physics
Founded byH. K. V. Lotsch

Volume 4

Interactions on Metal Surfaces
Edited by
R. Gomer
The purpose of this book is to acquaint
the reader with modern developments in
the study of metal surfaces, principally
chemisorption. These are of fundamental
importance to almost all aspects of sur-
face science and because progress, both
theoretical and experimental, is now very
rapid in this field.

Contents
J. R. Smith
Theory of Electronic Properties of Sur-
faces
S. K. Lyo and R. Gomer
Theory of Chemisorption
L. D. Schmidt
Chemisorption: Aspects of the Experi-
mental Situation
D. Menzel
Thermal Desorption

E. W. Plummer
Photoemission and Field Emission Spec-
troscopy
E. Bauer
Low Energy Diffraction (LEED) and Auger
Methods
M. Boudart
Concepts in Heterogeneous Catalysis

1975. approx. 340p. 112 illus.
cloth/$33.60

Order from

Springer-Verlag
New York Inc.
175 Fifth Avenue
New York, NY 10010
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IMPORTANT PERGAMON PUBLICATIONS IN ASTRONOMY & PHYSICS

Published as supplements to the review journal Vistas in Astronomy

THE KEPLER&COPERNICUS
MEMORIAL VOLUMES

PREPUBLICAT1ON DISCOUNT PRICE $130.00 on orders received before 30th April 1975
(Publication: May 1975)

ISBN 0 08 018139 2 (2 volume set) Published Price $150.00

These two books, written by some of the world's most eminent scientists, astronomers, philosophers and historians
fully explore the significance of the heliocentric revolution both to us now and to Western civilization.

COPERNICUS - YESTERDAY AND TODAY edited by DR. ARTHUR BEER and DR. K. Aa. STRAND

Proceedings of the Commemorative Conference held in Washington in honor of Nicolaus Copernicus co-sponsored
by the U.S. Naval Observatory, The National Graduate University of Washington, D.C., and by the American
Association for the Advancement of Science, with financial support from the National Science Foundation.
262 pp 87 illustrations 17 papers

KEPLER - FOUR HUNDRED YEARS edited by DR. ARTHUR BEER and PETER BEER

Proceedings of sixteen International Symposia held in honor of Johannes Kepler including in particular the
joint Symposium sponsored by the Franklin Institute and the American Association for the Advancement of Science
(AAAS), held in Philadelphia; the joint Symposium of the International Astronomical Union (IAU) and the
Academie Internationale d'Histoire des Sciences (IHS), held in Leningrad; and a number of specially contributed
papers.
1 072 pp 21 4 illustrations 127 papers

ALSO AVAILABLE:

EMISSION, ABSORPTION AND TRANSFER OF RADIATION IN HEATED ATMOSPHERES
B.H. ARMSTRONG, IBM, California R.W. NICHOLLS, York University, Toronto, Canada

This volume deals with Thermal radiation phenomena in heated gases over a wide range of temperature and density,
although the emphasis is on temperatures well above a few thousand degrees, e.g. the ambient temperatures of the
terrestrial troposphere. The authors present a review of the basic theory of radiative transfer pertinent to opacity
calculations, along with the requisite quantum theory of radiation as applied to real atomic and molecular systems.
Over 400 references.
CONTENTS: Introduction (Historical sketch); Elementary Radiative Transfer; Applied Radiation Theory for
Atoms; Theory of Molecular Absorption; Conclusion; References, Index.
OF INTEREST TO: Postgraduate students in physics, astrophysics, plasma physics and atomic and molecular
spectroscopy as a text and reference book.

320 pp 30 illustrations ISBN 0 08 01 6774 8 $25.00

An important title recently published in the international series on Science of the Solid State

CRYSTAL GROWTH Editor: B.R. PAMPLIN, University of Bath, England
CONTENTS: Introduction to Crystal Growth Methods, PAMPLIN; Nucleation and Growth Theory, LEWIS;
Theory of Interface Stability, DELVES; Zone Melting and Allied Techniques, SHAH; Growth of Single Crystals
of GaAs in Bulk and Thin Film Form, JOYCE; Flux Growth, ELWELL; Practical Aspects of Flux Growth by
Spontaneous Nucleation, WANKLYN; Bulk Crystallization, MULLIN; Creation, Measurement and Control of
Crystal Growth Environment, SHAH; Growth from the Vapour Phase, WICKENDEN and BRANDER; Molten
Metal Solution Growth, DEITCH; Crystal Pulling, DRAPER; Methods of Growing Crystals under Pressure,
FISCHER; Crystal Growth from Aqueous Solution, JAMES and KELL; Dendritic Growth, DOHERTY; Liquid
Crystals, GRAY; Assessment of Crystalline Perfection, HOLT.

OF INTEREST TO: Academic and industrial workers in solid state physics, crystallography, crystal growth, physical
chemistry, physical metallurgy, materials science and chemical engineering.

401 illustrations ISBN 0 08 01 7003 X $45.00672 pp

Pergamon Press
Maxwell House, Fairview Park, Elmsford, New York 10S23
Headington Hill Hall, Oxford OX3 0BW, England

i^PERGAMON PRESS"*
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into the audience to whom it is directed.
SI units are used consistently—perhaps
too consistently—throughout. There
is a list of problems at the end of each
chapter that is not very extensive, but
appropriate and well planned.

The verdict with regard to Karlheinz
Seeger's Semiconductor Physics is less
clear. It is a very thorough, compre-
hensive and scholarly treatment of the
fundamental theory of semiconductors
as it now stands, and as such it is bound
to be an extremely useful and valuable
reference volume. But I am doubtful
that it will be extensively adopted in
the fulfillment of its stated primary ob-
jective of serving as a text for a gradu-
ate-level course for physicists or electri-
cal engineers.

It is necessary to read only a few
paragraphs to realize that it has been
translated from the original German by
an Ubersetzer whose fanatical intent
was the literal rendition of the English
equivalent, and whose concern with
flow, stylistic elegance and communica-
tion of concept was—if it existed at all—
minimal. The result is a book that,
while not exactly hard to understand, is
lumpish and uninteresting to read.
The author's way of making qualitative
explanations often exacerbates this fea-
ture of the text. His first chapter, in
which he presents the elementary con-
cepts of electron and hole behavior will,
I am afraid, send most of the graduate
students I know running for cover. The
coverage of subject matter is very thor-
ough, embracing all aspects of electron-
ic and optical behavior of semiconduc-
tors, including many-valley and
warped-sphere transport theory, gal-
vano-magnetic, thermomagnetic, ther-
moelectric, magneto- and piezoresistive
effects, breakdown, recombination, sur-
face properties, and optical properties
including luminescence and laser ac-
tion. The level at which these subjects
are discussed is high, indeed probably
too high for best results in graduate
level courses at most universities. The
pages bristle with formidable equations
that are rendered even more intimidat-
ing by Seeger's notation. His symbols
for vector dot and cross products are
non-standard and confusing, and he in-
sists on always writing the magnitude of
the electronic charge as \e\. Familiari-
ty with quantum theory and statistical
mechanics is assumed from the outset;
the author's remark that "the book may
be supplemented by a solid-state phys-
ics course" should be taken to mean
that a good solid-state physics course is
an iron-bound prerequisite. There are
no problems included, and while it is
true, as the author states, that good se-
lections can be made from books like
Problems in Solid State Physics, (H. J.
Goldsmid, ed., Academic, 1969) it is not
quite fair to expect students who have
already paid $23.10 for a text to acquire
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DIFFUSION I N SOLIDS: Recent Developments
edited by A. S. NOWICK and J. J. BURTON/A Volume in the MATERIALS SCIENCE and TECHNOLOGY Series

The intent of this book is to present the reader with up-to-date
coverage of some of the most active areas of diffusion by foremost
authorities in these areas.

The first two chapters deal with the theory of diffusion; the ele-
mentary diffusion jump is one of the simplest examples of a "chemi-
cal rate process" and yet an elusive one. Chapter 1 attacks the
problem with harmonic and anharmonic theories and quantum
mechanical concepts. Chapter 2 presents a new approach, based
on the use of high-speed computers to calculate detailed and exact
information. The experimental chapters deal with new tools and
approaches (e.g., isotope effects, vacancy wind effects, ionic con-
ductivity and electromigration) which supplement conventional diffu-
sion measurements.

CONTENTS: CJassical and Quantum Theory of Diffusion in Solids,
W. M. Franklin. Exact Defect Calculations in Model Substances,
C. H. Bennett. Isotope Effects in Diffusion, N. L Peterson. Fast
Diffusion in Metals, W. K. Warburton and D. Turnbuli. Hydrogen
Diffusion in Metals, J. Volkl and G. Alefeld. Electromigration in
Metals, H. B. Hunt'mgton. Atom Currents Generated by Vacancy
Winds, T. I. Anthony. Diffusion Alkali Halides, W. J. Fredericks.
Very Rapid Ionic Transport in Solids, R. A. Huggins.

1975, 520pp., $45.00/£21.60

EPITAXIAL GROWTH
edited by J. W. MATTHEWS/Vo/umes in the MATERIALS SCIENCE AND TECHNOLOGY Series

Electron Microscopy, H. Poppa. X-Ray Topography, G. H. Schwuttke.
Low-Energy Electron Diffraction and Auger-Electron Spectroscopy,
F. Jona and J. A. Strozier, Jr. High-Energy Electron Diffraction,
D. B. Dove. X-Ray Diffraction, R. W. Vook. Measurement of Micro-
stains in Thin Epitaxial Films, D. 1. Allinson.

This book describes the growth of single-crystal films on single-
crystal substrates. The topics discussed in detail are the historical
development of the subject, the nucleation of thin films, the structure
of the interface between film and substrate, and the generation of
defects during film growth. Furthermore, it describes the methods
used to prepare and examine thin films, and provides a complete
list of the overgrowth-substrate combinations that have thus far
been studied.

CONTENTS OF PART A: A Historical Review of Epitaxy, D. W.
Pashley. Preparation of Single-Crystal Films: Evaporation of Thin
Films, S. Mader. Molecular-Beam Epitaxy, L. L. Chang and R. Ludeke.
Electrodepo.sition, J. G. Wright. Chemical Vapor Deposition, D. W.
Shaw. Wroth of Epitaxial Films by Sputtering, M. H. Francombe.
Liquid-Phase Epitaxy, E. A. Giess and R. Ghez. Examination of Thin
Films: Studies of Thin-Film Nucleation and Growth by Transmission

Part A/1975, 408 pp., $38.50/£l8.50

CONTENTS OF PART B: Nucleation of Thin Films, J. A. Venablesand
G. L. Price. Defects in Epitaxial Deposits, M. J. Stowell. Energy of
Interfaces Between Crystals, J. H. van der Merwe and C. A. B. Ball.
Energy of Interfaces Between Crystals: An Ab Initio Approach,
N. H. Fletcher and K. W. lodge. Coherent Interfaces and Misfit
Dislocations, J. W. Matthews. List of Epitaxial Systems, E. Grunbaum.

PartB/1975, 320pp., $29.5O/£14.I5

METHODS OF EXPERIMENTAL PHYSICS
editor-in-chief: L. MARTON

Volume 2: ELECTRONIC METHODS, Second Edition
edited by E. BLEULER and R. O. HAXBY

CONTENTS OF PART A: Passive Linear Circuit Elements and Net-
works, R. M. Scarlett, Semiconductor Circuit Elements, /. A. Lesk.
Vacuum Tubes, E. J. Craig. Gas Tubes, W. J. Kearns. Rectifier Cir-
cuits and Power Supplies: Rectifier Circuits, R. P. Featherstone.
Controlled Rectifier Circuits, A. I. Bennett and YV. J. Kearns. Regu-
lated Power Supplies, E. F. Buckley. Amplifiers, F. H. Schlereth and
R. J. McFadyen. Oscillators, F. H. Schlereth and R. J. McFadyen.
Nonlinear Circuits: General Discussion, F. H. Schlereth and R. J.
McFadyen. Nonregenerative Nonlinear Circuits, F. H. Schiereth and
R. J. McFadyen. Regenerative Nonlinear Cicuits, F. H. Schlereth and
R. J. McFadyen. Special Circuits, F. H. Schlereth and R. J. McFadyen.
Logic Circuits, T. A. Smay.

Part A/1975, 456 pp., $34.00/£l 6.30

CONTENTS OF PART B: Measurements: Counting, E. Bleuler. Fre-
quency Measurements, E. A. Goldberg. Time Measurement, C.

W. Williams. Phase Measurements, J. E. Toffter and P. N. Winters.
Voltage, Current, and Charge Measurements, R. S. Turgel. Pulse
Amplitude Measurements, D. Maeder. Computers, P. E. Russell.
Equipment Testing, D. Maeder. Telemetering, M. H. Nichols. Micro-
waves: Definition of Microwaves, R. D. Wanselow. Microwave Cir-
cuits, R. D. Wanselow. Microwave Power Sources, M. Chodorow and
F. Ivanek. Detectors and Receivers for Microwaves, R. D. Wanselow.
Microwave Measurements, R. D. Wanselow. Miscellaneous Electronic
Devices: Photoelectric Devices, R. W. Engstrom. Cathode-Ray
Devices: Electron-Ray Indicator Tubes ("Magic Eye" Tubes), R.
Stone. Cathode-Ray Tubes, R. P. Stone. Camera Tubes, P. D.
Huston. Storage Tubes, R. P. Srone. Magnetic Amplifiers and Other
Magnetic Devices, F. J. Friedlaender. Feedback Control Systems,
J. K. Roberge. Noise in Electronic Devices, E. R. Chenette and K. M.
von VUet.

Part B/l 975, 544 pp., $39.50/£l 8.95

ABERRATIONS OF THE SYMMETRICAL OPTICAL SYSTEM
by W.T. WELFORD

This book provides a systematic development of geometrical
optics and the optical aberration theory needed for optical design.
The author provides only that material which is useful to designers
with access to computers. This selectivity is based on the fact that
the development of fast computers has rendered many advances
in aberration theory either superfluous or unnecessarily cumbersome.
Methods designed for outmoded computational techniques, e.g.

logarithmic raytracing methods, and those simply not well adapted
for practical design purposes have been ignored, and the author
has emphasized finite methods—those which use exact raytracing
as a basis for calculating a variety of aberrations and aberrational
conditions without any mathematical approximations.

1975,256 pp. $20.00/£7.60

Prices subject to change without notice.
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a supplementary problem book as well.
Despite these problems, the book is a

very comprehensive and authoritative
account of the formalism of semicon-
ductor physics and on an advanced
level, the present state of experimental
understanding. Viewed from this
angle, it probably has no equal. De-
spite its shortcomings as a textbook, it
is a reference volume that I will find in-
valuable, and that should be very fre-
quently consulted by those who are
doing any sort of research work in semi-
conductor physics.

JOHN P. MCKELVEY
Clemson University

Clemson, South Carolina

Transfer of Radiation in
Spectral Lines

V. V. Ivanov
461 pp. US Dept. of Commerce, 1973.
(Available from US Government
Printing Office, Washington, D.C.) $7.45

Much of our understanding of astro-
physical plasmas is based on line spec-
tra. Too often the assumption is made,
for simplicity, that the emitting gas is
optically thin, that is, thick enough to
emit radiation but thin enough that one
ignores the effect of successive absorp-
tion and emission of photons by the gas.
Another frequent assumption is that
the medium is optically thick but, for
simplicity, in a state of local thermody-
namic equilibrium. The general case of
an optically thick non-equilibrium plas-
ma is of greater intrinsic interest than
either of these two approximations but
is much more difficult to treat, so much
so that progress in the field is now in
the hands of a few determined special-
ists.

This book is concerned with the equi-
librium state of an optically thick gas
controlled by its own internally-gener-
ated radiation field. The book is a re-
vised and extended version of Radiative
Transfer and the Spectra of Celestial
Bodies, by V. V. Ivanov (Moscow,
1969), and contains roughly 100 addi-
tional pages devoted to results pub-
lished between 1968 and 1971.

The author treats in great analytical
detail the transfer of line radiation
through a gas composed of idealized
two-level atoms. This idealized prob-
lem deserves attention because it is cen-
tral to the mathematical theory of the
transfer of radiation in spectral lines,
and because it provides underpinning
for current research carried out with the
use of digital computers.

The development is based on the an-
alytical methods of E. Hopf, V. A. Am-
bartsumian, S. Chandrasekhar and V.

Springer-Verlag New York Heidelberg Berlin

The Foundations
of Mechanics and
Thermodynamics

Selected Papers ^
By W.Noll
Preface by C. Truesdell
From the preface by C. Truesdell —
"Walter Noll's influence upon research into the foundations of me-
chanics and thermodynamics in the past twenty years is plain,
everywhere acknowledged. . . . The purpose of this volume of re-
prints is to put into general hands those of Noll's works which pres-
ently promise broadest and most fertile service to students of the
thermomechanics of deformable bodies."
1974. viii,324p. cloth/$20.10
Also of interest

The Elements of Continuum Mechanics
By C. Truesdell
1966. vi, 279p. paper/$9.90

Essays in the History of Mechanics
By C. Truesdell
1968. x, 384p. 126 illus. cloth/$27.80

Six Lectures on Modern Natural Philosophy
By C. Truesdell
1966. viii,117p. 47 illus. cloth/$7.40

Viscometric Flows of Non-Newtonian Fluids
Theory and Experiment
By B. D. Coleman, H. Markovitz and W. Noll
Springer Tracts in Natural Philosophy, Volume 5
1966. xii, 130p. 37 illus. cloth/$8.70

The Tragicomedy of Classical Thermodynamics
Course Held at the Department of Mechanics of Solids
By C. Truesdell
CISM International Centre for Mechanical Sciences
Courses and Lectures, No. 70
1973. 41 p. 1 illus. paper/$4.00

Order from

Springer-Verlag New York Inc.
175 Fifth Avenue
New York, NY 10010
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