
tion, magnetic field strength grows in 
proportion to the stretching of the mag­
netic field lines. Now consider the 
motion of a material point convected 
by the fluid flow. The location of such 
a point obeys the equation dx(t)/dt = 
v(x(t), t ). According to the definition of 
chaos, the solution of this equation is 
chaotic when nearby points separate 
exponentially with time. Taking the 
two nearby points to be on the same 
magnetic field line, we see that chaos 
in the flow equation dx/dt = v implies 
exponential stretching of the magnetic 
field line and thus suggests exponential 
magnetic field growth with time. Of 
course, this is not the whole story, and 
there are interesting twists (both literally 
and figuratively) to the problem, which 
are beautifully explained in the book. 

As should be evident from the above, 
a book on this subject faces the double 
burden of explaining a physical prob­
lem while introducing concepts in cha­
otic dynamics, a field of mathematics. 
Furthermore, the necessary concepts 
in chaotic dynamics turn out to be 
rather sophisticated. The book han­
dles this admirably. Statements of rig­
orous results are always accompanied 
by nice illustrative examples and care­
ful insightful discussion. In fact, the 
reader will come away with not only 
an understanding of the kinematic dy­
namo but also an understanding of 
much of the theory of chaotic dynamics. 

The book attempts to give a com­
plete accounting of current develop­
ments. Many varied approaches and 
techniques are discussed. Some of the 
topics covered include the use of dis­
crete time maps to model dynamos; the 
applicability of such concepts from 
chaos as topological entropy, Lyapunov 
exponents and summations over peri­
odic orbits; the singular character of 
the spatial magnetic field structure; 
spectra and eigenfunctions; and flows 
with random temporal variation. All 
of this is well explained, and almost 
all of the important recent develop­
ments are thoroughly covered. 

I highly recommend this book to 
those who wish to find out about the 
fascinating new developments address­
ing the question of why magnetic fields 
pervade so much of our universe. 

E DWARD OTI 
University of Maryland at College Park 

Physics of 
Optoelectronic Devices 

Shun Lien Chuang 
Wiley, New York, 1995. 717 pp. 
$69.95 he ISBN 0-471-10939-8 

Optoelectronic devices and device 
physics constitute a rapidly developing 
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field of research. The sale and com­
mercial applications of optoelectronic 
devices, including light-emitting di­
odes, semiconductor laser diodes , 
waveguide modulators and switches, 
and semiconductor detectors are also 
increasing at an incredible rate. Shun 
Lien Chuang's Physics of Optoelec­
tronic Devices is a comprehensive treat­
ment of an extensive body of material, 
including the fundamentals of semi­
conductor electronics, quantum mecha­
nisms and electromagnetics, waveguide 
theory and light propagation, semicon­
ductor lasers and various types of 
modulators and detectors. It covers 
nicely the fundamentals of single-elec­
tron properties i.n semiconductors and 
includes a good discussion of the quan­
tum-well states, including doped and 
modulation-doped structures. 

Optical properties of semiconductor 
structures are discussed in terms of 
Fermi's golden rule, at the level of sin­
gle-particle states. Electron- hole pairs 
and Coulomb effects are discussed only 
in chapter 13, in connection with elec­
troabsorption. Such subjects as lasers, 
gain and the like are discussed at the 
level of noninteracting particles. 
There is no mention or explanation of 
the bandgap renormalization or of Cou­
lomb enhancement. Nor is there any 
discussion of why gain occurs spectrally 
below the unrenormalized gap. 

The book is timely and of interest 
not only to researchers but also to 
students who want to pursue careers 
in this field. It can be recommended 
for engineering or beginning physics 
students who want an introduction to 
the subject. It can also be recom­
mended to people interested in an in­
troduction to band-structure calcula­
tions in heterostructures. 

N ASSER P EYGHAMBARIAN 
University of Arizona, Tucson 

STEPHAN KOCH 
University of Marburg 

Marburg, Germany 

3 K: The Cosmic 
Microwave 
Background Radiation 

R. Bruce Partridge 
Cambridge U. P , New York, 1995. 
373 pp. $89.95 he 
ISBN 0-521-35254-1 

3 K: The Cosmic Microwave Back­
ground Radiation by R. Bruce Par­
tridge is a scholarly tour de force that 
is enjoyable to read. Partridge joined 
Robert Dicke's gravity group at Prince­
ton University in 1965, the year the 
cosmic microwave background radia­
tion was discovered, and he has been 
measuring its anisotropy in various 

ways ever since. In his book- intended 
as background for researchers in the 
field and as an introduction for stu­
dents of cosmology-he summarizes 
five decades of work on the CMBR, ex­
plaining its importance in cosmology, the 
techniques used to measure it and the 
reasons for continued interest in it. 

Modern tools for measuring galactic 
distances and redshifts have made the 
large-scale structure of the universe 
remarkably interesting, revealing 
strings of galaxies and clusters and the 
enormous voids between them. Non­
baryonic dark matter seems far more 
abundant than ordinary matter, sur­
prising those who believed in the pre­
dictive power of Occam's razor. 

The density variations and acoustic 
oscillations in the photon-baryon fluid, 
excited by the gravitational potentials 
remaining from the first moments of 
the Big Bang and augmented by the 
flow of dark matter, should be visible 
as spatial fluctuations in the tempera­
ture of the cosmic background radia­
tion. They are also the initial condi­
tions leading to the large-scale distri­
bution of galaxies, so the comparison 
of CMBR data with clustering meas­
urements has become a very rich field. 
The Cosmic Background Explorer 
found large-scale 0.001 % anisotropies 
in the CMBR temperature, with the 
size spectrum predicted by inflationary 
theories and grand unified theories of 
elementary particles. The spectrum of 
the radiation has a black-body form 
within 0.01 % of the peak intensity, a 
result that demands the hot Big Bang. 

It is no wonder that thousands of 
papers on the implications of the 
CMBR measurements have been pub­
lished, particularly since the launch of 
COBE, the Cosmic Background Ex­
plorer, in 1989. A measurement of the 
angular spectrum of the fluctuations 
down to a fraction of a degree scale 
would tell us the parameters of the Big 
Bang with an accuracy of a few percent, 
including the total density, the frac­
tions of hot and cold dark matter and 
the Einstein lambda constant. To do 
these measurements, NASA has se­
lected the Microwave Anisotropy 
Probe, proposed by Charles L. Bennett 
of Goddard Space Flight Center and 
David T. Wilkinson of Princeton Uni­
versity, as one of its mid-size Explorer 
missions. Additionally, there is strong 
European Space Agency interest in the 
more ambitious COBRAS/SAMBA (for Cos­
mic Background Anisotropy Satellite 
and Satellite for Measurement of Back­
ground Anisotropies) mission, proposed 
respectively by Nazzareno Mandolesi, 
of the Instituto TERRE-CNR in Bologna, 
Italy, and by Jean-Loup Puget, of the 
Institut d'Astrophysique Spatiale in Or­
say, France, to map the CMBR and ~ub-



millimet.er sky. 
There is no shortage of fine books 

about cosmology; my favorite is the 
paperback by Jim (P. J . E.) Peebles, 
Principles of Physical Cosmology 
(Princeton U. P. , 1993). However, Par­
tridge's book has no competitor in ex­
plaining the hazards and joys of the 
experimental physicist seeking to 
measure the faint whisper of cosmic 
noise from the beginning of time. It 
reviews the physics of the Big Bang, 
the early predictions by Ralph Alpher, 
Robert Herman and George Gamow, 
the physics of radio astronomy and the 
stories of the initial discovery by Arno 
Penzias and Robert Wilson, as well as 
the reasons so many people came so 
close but missed it. It covers experi­
mental approaches including radio re­
ceivers, thermal detectors, spectrome­
ters, calibration, beam switching and 
error analysis. 

The sensitivities of receivers have 
improved by many orders of magnitude 
since the original discovery, so the cali­
bration and the modeling of atmo­
spheric and our own Galactic emission 
are now the limiting factors. The book 
covers the relevant theory in depth, 
with some two-thirds of the space de­
voted to it. If there is any weakness in 
the book, it is the impossibility of keeping 
up with the flow of recent papers. Most 
of the references end in early 1992, but 
Appendix C summarizes work through 
early 1994. This period includes the 
main COBE results and first detections 
of the acoustic oscillations of the pho­
ton-baryon fluid. In short, the book is 
a well-written and thorough review of 
a difficult and exciting experimental 
and theoretical domain. 

JOHN C. MATHER 
NASA Goddard Space Flight Center 

Greenbelt, Maryland 

The Three Big Bangs: 
Comet Crashes, 
Exploding Stars 
and the Creation 
of the Universe 

Philip M. Dauber 
and Richard A. Muller 
Addison-Wesley, New York, 1996. 
207 pp. $25.00 he 
ISBN 0-201-40752-3 

In The Three Big Bangs, Philip M. 
Dauber and Richard A. Muller have 
written a delightfully readable book 
about the three singular events-the 
emergence of the early universe, the 
supernova synthesis of our elements 
and the Cretaceous-Tertiary impact of 
a giant comet or asteroid-that shaped 
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WAVELET 
EXPLORER 
New Generation Signal and Image Analysis 

"A comprehensive package with an excellent manual. Powered by Mathematica, 
its appeal should extend to a wide range of fields. I highly recommend it." 

- Professor Ronald (oilman, wavelet pioneer and Yale professor 

Wavelet Explorer takes your analysis beyond the boundaries of the Fourier 
transform for data with localized structures in both time and frequency. 
Especia lly useful for approximating data with sharp discontinuities, these 
leading-edge wavelet-based techniques have applications in a wide range of 
projects, from signal and image processing to data compression and analysis. 

New to wa velets? Use Wavelet Explorer as an interacti ve tuto rial for an 
introduction to basic wavelet theory and analysis methods. 

Wri tten in the Mathematica language, Wa velet 
■ Cosine Packet Transform Coeffic~nts l] Explorer's built-in functions and utilities are a ll 
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] Apply Wavelet Explorer's robust set of ready-
]11 to-use tools to projects in engineering, physics, 

geology, medica l research, astronomy, and 
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Wove/et Explorer is based on Mothemotica and is 
ovailoble for: Macintosh, Power Macintosh; Microsoft 
Windows, Windows NT, Windows 95; IBM 05/ 2, 
IBM RISC; Linux; HP; Sun SPARC, Soloris; SGI; DEC 
RISC U/e;x, DEC OSF/ 1 AXP, VAX/VMS, Open VMS; 
NEXTSTEP; NEC; Sony; CONVEX; and HUach; 

biorthogonal filters-Daubechies' 

extremal phose, Daubechies' leost 
osymmetric, Coiflets, Battle-Lemorie, 

Haar, Shannon, Meyer, biorthogonal 
spline 

• visualize wavelets and wavelet 

packets and zoom in on their details 

• use one- and two-dimensional wavelet 
and wavelet packet transforms 

• determine the best basis for data 

using the minimum entropy criterion 

• quickly perform one- and two­
dimensional data compression and 

denoising tasks 

• access free techn ical support 

• and more .. 

http:/ /www.wolfram.com/wpt 
l-800-441-6284 • info@wolfram.com 

WOLFRAM 
RESEARCH 

Corpoi01eheodquot,e,-$ Wolfrnm Reseotch, lroc . -o-!-217·398-0700,fo~ +1·217·398-0747 emoJ ,nk,O,.,,deom.comweb h11p//w,,,.wwof,omwn/ 
Eu<opc Wolfram Rne<1rth Europeud . ... 4d~OIIQQ3.S83400, fox +44i{))lQQ3-883800. e,r,o,I mk:,0-,,,o~romco .A Aro Wolfrom Resecmh Asia ud. 
(Tokyooll-ce). +8l10!3-5276-0.50o, lo.<. +81,{0)3-5276-0509. emo+I irJo@v.ol/romcojp 

Copy!,ght Q 19% \Nt;)rorn Research. h: P...o/;shocl b,-- Wdirom ReseC11di, Inc \l\tl'.efel fxpio,e, •$ o ~~ cl Woll/Om Reeorcii. !oc .~1,co <s 
oregOOedhodemorkclWci!romR~ch Inc M:,thenio,,ro,$nofOSSOC10ledY..,1h~,a:iPd,cyResoorch.loc 01"-"o!hTech.lnc: 

Circle number 32 on Reader Service Card 


