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Reviewed by Kurt Wiesenfeld 
More and more, colleges are introduc­
ing formal courses on nonlinear sci­
ence and chaos. Many students en­
ter such courses already excited 
about chaos from reading popular ac­
counts, seeing spectacular fractal im­
ages, or perhaps even generating 
strange attractors on their own com­
puters. Raw enthusiasm is one 
thing, but deciding which aspects of 
nonlinear dynamics to include in a 
textbook is another. 

Enthusiasm has its drawbacks. In 
his television series "America", Alistair 
Cooke recalled a 1930s story of an 
American student from the prairie 
who, newly arrived in England, 
watches the passing scenery from his 
railroad compartment. He sits oppo­
site a parson absorbed in his newspa­
per. Amazed at the small scale land­
scape, the student blurts out, "You 
know, sir, the whole of England could 
be fitted into one corner of Nebraska!" 
The parson crisply replies, ''Yes, but to 
what end, young man?" 

One is often tempted to ask, "But 
to what end?" when faced with the 
more razzle-dazzle books on chaos. 
An instructor wants to cover what is 
interesting and popular but needs to 
emphasize those aspects of greatest 
practical importance. Chaos, though 
important, is just one aspect of non­
linear science. A monograph is one 
thing, but does enough substantial 
material exist for a textbook? I was 
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skeptical when I picked up Edward 
Ott's Chaos in Dynamical Systems, 
but this book proves there is defi­
nitely enough worthwhile material on 
chaos to fill a semester. 

The preface calls this a graduate 
textbook for science and engineering 
students, and also a researcher's ref­
erence. It hits its mark on both 
counts. The style is careful and 
pedagogical. Ott, a leading re­
searcher in the field, treats technical 
aspects by emphasizing main ideas 
rather than resorting to formal defi­
nitions. This is not to say the mate­
rial lacks technical sophistication: 
There is plenty of that. 

Though the book lacks a compel­
ling progression in the order of chap­
ter topics (and at times even in the 
sequence of sections within a chap­
ter), each chapter is essentially self­
contained, so the reader can pick and 
choose. Chapter exercises are at a 
good level for graduate students; in­
terestingly, relatively few involve 
computer work, which may appeal to 
the computationally impaired (a syn­
drome afflicting more professors than 
students). The price is in line with 
standard graduate textbooks. 

The book is also worthwhile for 
the researcher who wants to learn 
about chaos on his or her own. This 
is not the place to learn how to im­
plement modern tools of time-series 
analysis, but the reader will become 
well versed in the field's language 
and standard constructs and will 
gain a good foundation for tackling 
technical literature and seminars. A 
lengthy bibliography provides a guide 
to further reading. 

The back cover claims the book 
will also be of value to the advanced 
undergraduate, but this claim over­
reaches. It reminds me of the over­
zealous publisher who tried convinc­
ing an author to drop the first word 
from his monograph, titled Elemen­
tary Particle Physics, to boost sales. 
Nevertheless, Chaos in Dynamical 
Systems is a welcome volume for 

those who keep even modest collec­
tions on nonlinear dynamics. 
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The photorefractive effect is a means 
of making dynamic real-time holo­
grams using light-induced redistribu­
tion of charges in an electro-optic 
material. This process has been 
studied in several inorganic crystals, 
such as LiNb03 and BaTi03, and 
more recently in organic crystals and 
polymers . Photorefractive holo­
grams are particularly novel because 
the resulting modulation of the index 
of refraction (or the index "grating") 
is generally spatially offset from the 
bright and dark fringes that pro­
duced the hologram. 

This displacement makes photore­
fractive holograms nonlocal and non­
reciprocal, properties that are not ob­
tained in holograms formed by local 
mechanisms such as photochemistry, 
photochromism, heating, and so on. 
The spatial phase shift causes the 
two beams (in the material generat­
ing the hologram) to couple with one 
another and exchange energy, an ef­
fect that is responsible for many of 
the most novel applications of pho­
torefractive materials, such as image 
amplification, novelty filtering, self­
phase conjugation and oscillation. 
New ways to use this fascinating ef­
fect continue to appear in the litera­
ture. In addition, because photore­
fractive materials may be used to 
produce extremely dense and revers­
ible holographic information storage, 
the study of their optical properties 
continues to advance in importance. 

In his new book, Introduction to 
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Photorefractive Nonlinear Optics, Po­
chi Yeh has drawn on his many years 
of contributions to the field to provide 
a well-organized, advanced textbook 
intended for a course in modern op­
tics for electrical engineering and ap­
plied physics students. A general 
knowledge of electromagnetism, solid 
state physics and differential equa­
tions is assumed. The book should 
also find immediate acceptance with 
researchers entering the field of pho­
torefractivity, because it treats in de­
tail many of the most fascinating and 
most subtle beam-coupling properties 
that arise from the nonlocal phase 
shift of photorefractive holograms. 

Yeh successfully builds a founda­
tion for many applications in several 
introductory chapters that review 
electromagnetism in crystals, the 
coupled-mode theory in periodic me­
dia and the physical mechanisms 
that lead to photorefractivity. Such 
topics often require entire books for 
a full exposition (for example, Optical 
Waves in Crystals by Amnon Yariv 
and Yeh; Wiley, New York, 1984), but 
the presentation here is still lucid 
and reasonably complete. 

To describe the variety of applica­
tions resulting from beam-coupling 
effects and nonreciprocality, Yeh be­
gins with explanations of how oscil­
lation can occur in photorefractive 
resonators, paying particular atten­
tion to the role of the photorefractive 
phase shift and the oscillation condi­
tions. To make the strange effects 
that can occur with self-pumped and 
multiple-pumped phase conjugators 
physically reasonable, Yeh effectively 
presents three theoretical explana­
tions based on four-wave mixing, 
resonator theory and hologram shar­
ing, respectively. The storage capac­
ity of volume holograms is calculated 
as the number of "uncertainty vol­
umes" that can be placed in the 
wavevector phase space of a given 
material. This discussion could have 
included an example of the applica­
tion of uncertainty volume to specific 
storage architecture. 

The book pays particular attention 
to the nonreciprocal nature of optical 
elements formed from photorefractive 
materials . Yeh correctly realizes 
that to understand what is different 
about photorefractives used in inter­
ferometric applications, the reader 
must first understand the Stokes re­
lationships for a normal lossless 
beam splitter. This background 
greatly helps the reader appreciate 
the subsequent descriptions of ring 
cavities and Michelson interferome­
ters containing photorefractive mate­
rials, as well as the optical computing 
applications based on amplitude sub-
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traction and addition, reconfigurable 
optical interconnection, and dynamic 
neural networks. 

Only a few small enhancements 
would have improved this already ex­
cellent text. The general introduction 
briefly describes the early days of pho­
torefractive nonlinear optics, but no 
references are listed for the early meas­
urements until the later chapters. A 
list of variables and nomenclature 
would have assisted the researcher in 
translating specific results to other 
naming conventions. On the whole, 
however, this book is an important 
contribution to the field, worthy of the 
attention of anyone serious about un­
derstanding the novel properties of 
photorefractive materials. 
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Even before humans were human, we 
learned to predict, with only a quick 
glance at a moving animal, where it 
would be a few seconds later. Now, 
not so long afterward, a small group 
of experimental physicists has sharp­
ened this skill by a factor of 1016-to 
catch not rabbits but gravitational 
waves. 

When a gravitational wave shines 
on an aluminum bar or a pair of 
interferometer mirrors, a differential 
force stretches or compresses the bar 
or the separation between the mir­
rors by a fraction of an atomic diame­
ter. One makes two or more meas­
urements of position and then 
predicts the future position in the 
absence of the wave. If a subsequent 
measurement differs from the predic­
tion, the apparatus has caught a 
gravitational wave. 

The gravitational wave--containing 
frequencies below a few kilohertz and 
a large number of coherent quanta­
can be described classically. Its inter­
action with the bar or interferometer 
is also classical, as is the subsequent 
motion. Only the position measure­
ments are quantum mechanical. 

The problem of measuring the posi­
tion of a particle in the absence or 
presence of a very small force is simple, 
general and elegant. Although the bar 
or interferometer with which gravita­
tional measurements are done is really 

a harmonic oscillator, for small am­
plitude changes the position of one 
end of the bar or of one mirror can 
be approximately described as a free 
particle. At a time t seconds after the 
initial position and velocity have been 
measured, the uncertainty in the pre­
dicted new position is the root mean 
square sum of .:lx0 and !::..p0t I m . 

Because !::..p 0 is related to !::..x0 by 
!::..p 0 = hI 2.:lx0, .:lx0 can be chosen to 
minimize the uncertainty of the new 
position. The resulting minimum un­
certainty in the predicted position, 
the standard quantum limit, is 
(ht/2m) lf2. Thermal fluctuations 
make measurements at the SQL hard 
to achieve, but Vladimir Braginsky 
has built a tiny system that works at 
the SQL even at room temperature. 

Although a real detector of small 
forces, such as a bar or pair of mir­
rors, is not a free particle but a har­
monic oscillator, the SQL of a real 
detector is, within a factor of 27T, that 
of a free particle with the time t 
replaced by the oscillator period. 

The surprise is that, for classical 
forces, the standard quantum limit can 
be beaten. One can get far below the 
SQL by measuring a combination of 
position and momentum that responds 
to the force while leaving the quantum 
state of the oscillator unchanged. This 
quantum non-demolition measurement 
extracts information but does not de­
stroy the original state. One candidate 
for a quantum nondemolition mea­
surement is the oscillator energy. This 
measurement gives no information 
about the oscillator phase. Another 
candidate is one of the oscillator's two 
quadrature amplitudes. This mea­
surement, similarly, gives no informa­
tion about the other quadrature am­
plitude. In each case, the cost of 
measuring one variable more and more 
accurately is that the measuring appa­
ratus must throw more and more en­
ergy into the conjugate variable to in­
crease its uncertainty. The oscillator 
is put into a state in which the meas­
ured variable with the small uncer­
tainty is squeezed, while its conjugate 
variable is inflated. The limit is even­
tually set by the amount of energy 
available, or the robustness of the os­
cillator. 

A more accurate title for this book, 
by Braginsky and Farid Khalili of 
Moscow State University, might have 
been Quantum Measurement of Clas­
sical Forces. The book applies all the 
tools of classical and quantum mea­
surement to the measurement of 
small forces. The tools include time 
evolution operators, eigenstates, den­
sity matrices, correlation functions, 
noise spectral densities and hetero­
and homodyne detection. By focus-


