
Neutrons, Nuclei and 
Motter: 
An Exploration 
of the Physics 
of Slow Neutrons 

Jim Byrne 
lOP, Philadelphia, 1994. 
760 pp. $400.00 he 
ISBN 0-7503-0264-X 

Very soon after its discovery in 1932, 
the neutron was recognized as a pow­
erful probe for the study of the mi­
croscopic structure of matter. The 
first applications concerned the study 
of the atomic nucleus and were of 
critical importance in the early devel­
opment of nuclear physics. Since 
then neutron physics, using low-en­
ergy neutrons, has come to include an 
astonishing variety of scientific inves­
tigations based on the utility of the 
neutron as a probe. This currently 
includes research in areas as widely 
diverse as crystallography, molecular 
dynamics, lattice dynamics, magnetic 
structures, polymer physics and sur­
face physics, as well as nuclear and 
particle physics. Modern neutron 
sources reflect this diversity and serve 
as multidisciplinary facilities for 
physicists, chemists, biologists and 
engineers. Most of these investiga­
tions employ neutrons, particularly 
neutron scattering, as a tool for the 
study of condensed matter. Such re­
search, recognized by the 1994 Nobel 
prize, has experienced extensive 
growth and continues to motivate the 
design and construction of high flux 
neutron sources (see PHYSICS TODAY, 
November, page 17). 

While most neutron research has 
been based on the neutron as a probe, 
the availability of high fluxes of low­
energy neutrons has led to a vigorous, 
parallel research program in which 
the neutron itself is the object of 
study. This work has provided novel 
and important results for the deter­
mination of fundamental constants, 
for the study of physics beyond the 
standard model, for astrophysics and 
for fundamental tests of quantum me­
chanics. 

Neutrons, Nuclei and Matter is the 
first one-volume review of the broad 
field of low-energy neutron physics to 
appear in more than two decades. In 
it Byrne has wisely focused his atten­
tion on topics that are not readily 
available in the more specialized lit­
erature concerned with neutron scat­
tering. Thus, the most useful por­
tions of the book deal with theoretical 
and experimental studies of the prop-

erties of the neutron and its basic 
interactions. In this regard, Neu­
trons, Nuclei and Matter reflects the 
research interests of the author, who 
has extensive experience in nuclear 
and particle physics with low-energy 
neutrons. Most recently, he has been 
involved in several elegant experi­
ments at the High Flux Reactor of the 
Institut Laue-Langevin in Grenoble, 
France. 

The book is directed towards ex­
perimenters interested in neutron 
properties and interactions, and there 
is no doubt that for them it will be 
an invaluable resource. It will also 
be of value for those engaged in any 
facet of neutron physics research, for 
Neutrons, Nuclei and Matter provides 
a first-principles discussion of the fun­
damental neutron interactions and 
most of the experimental techniques 
exploited by those who use the neu­
tron as a probe. The writing is clear, 
and the explanations stress essential 
physical principles. The introductory 
material, which has a strong histori­
cal emphasis, is quite interesting in 
its own right. 

A review text, however thorough, 
cannot cover all topics. While the 
choice of material in Neutrons, Nuclei 
and Matter provides an excellent sur­
vey, many readers would have bene­
fitted from a discussion of the very 
beautiful experiment of W. Weirauch 
and coworkers to measure the ratio 
of Planck's constant to the neutron 
mass, h ! mn (E. Kruger, W. Nistler 
and Weirauch in Nuclear Instrumen· 
tation Methods A 284, 143 (1989)). 
This experiment, with its surprising 
implications for the field of fundamen­
tal constants and tests of quantum 
electrodynamics exemplifies a theme 
eloquently presented in N eutrons, Nu­
clei and Matter: the breadth, impor­
tance and elegance of low-energy neu­
tron physics. 
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I will start with a gripe, not about 
the content of this book but about its 
price. The publishers do a disservice 
to themselves, the authors and, par­
ticularly, the potential readers by put-

ting an interesting book like Quan­
tum Theory: Concepts and Methods 
out of the reach of graduate students, 
postdocs and assistant professors­
exactly the intended audience. (I 
raised this issue with David Lamer, 
the publisher, and was informed that 
the price can be reduced to $59.00 if 
the book is adopted for a course and 
more than six copies are ordered.) 
Such pricing practices are not justified 
when one considers that many publish­
ers provide very little copyediting or 
typesetting any more, as is obvious 
from the ''TeX''-ish look of most books 
published recently, this one included. 

Having gotten this off my chest, 
let me hasten to say that I like Asher 
Peres's book and would recommend it 
to anyone teaching or studying quan­
tum mechanics. It is not really a 
textbook that teaches you how to solve 
problems. Rather, to quote the pref­
ace, its purpose is "to clarify the con­
ceptual meaning of quantum theory 
and to explain some of the mathe­
matical methods which it utilizes." 

The book explains the foundations 
without going into the "philosophy" of 
quantum mechanics. Although the 
mathematical background expected of 
the reader varies, Peres does an ex­
cellent job of reviewing or explaining 
the necessary techniques. Sometimes 
he works out the more elementary 
derivations in detail and leaves more 
complicated ones as exercises (some 
of which I would consider hard for an 
average graduate student; some more 
detailed hints, or solutions would be 
welcome, particularly for the arm­
chair reader who is not inclined to get 
out a pencil and paper). 

The book is divided into three parts: 
gathering the tools, cryptodeterminism 
and quantum separability, and quan­
tum dynamics and information. 

The first part develops the usual 
tools, starting from the primitive no­
tions of "preparations and tests" and 
building up mathematical formalisms 
involving not only pure states, as most 
textbooks do, but also mixtures, de­
scribed by density matrices. The treat­
ment of continuous spectra is brief. 

Part II is, in my opinion, the most 
interesting; it deals with the material 
clearly and with a lot of common 
sense. Here are a few quotes: "Un­
performed experiments can have no 
results" and "While quantum theory 
can in principle describe anything, a 
quantum description cannot include 
everything." The author deals here 
with such difficult and often misinter­
preted topics as the Einstein-Podol­
sky-Rosen "paradoxes" and Bell's in­
equalities, occasionally making use of 
Galileo-inspired dialogs. Various fa­
mous theorems are discussed in a 
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chapter titled "Contextuality," where 
the reader will find a criticism of 
"counterfactual realism and counter­
factual compatibility." 

Part III deals with quantum dy­
namics and information: Mter a 
chapter dealing with symmetries and 
time evolution, Peres explores such 
varied and recent topics as the role 
of information-theoretic entropy in 
quantum theory, quantum cryptogra­
phy and quantum teleportation. The 
chapter on semiclassical methods cov-

ers the correspondence principle , 
Feynman path integrals, Wigner dis­
tributions and coherent states. The 
next chapter contains a clear and in­
teresting discussion of chaos and ir­
reversibility in quantum mechanics. 

I had eagerly looked forward to the 
last chapter, dealing with the meas­
urement process, but I must confess 
a certain disappointment. Peres es­
sentially limits his discussion to vari­
ous measurement models he himself 
has proposed. For example, without 
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gwmg any detailed reasons, he dis­
misses in . half a page the "many­
worlds" interpretation, and he never 
mentions Klaus Hepp's beautiful dis­
cussion of a quantum mechanical sys­
tem "measured" by another, infinite­
dimensional system (Helv. Phys. Acta 
45, 237, (1972)). 

On the whole, though, the reader 
will find lots of interesting things in 
the book, if the library can be per­
suaded to buy it. 
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