
Das, J Vac. Sci. Technol. b9, 95, 
1991). 

I believe that the book will appeal 
to the two distinct audiences the 
author set out to reach: graduate 
students and industry researchers 
who wish to become (or remain) famil­
iar with the methods used in the 
modern semiconductor industry. I 
was impressed with the number (more 
than 1300) and currentness (through 
1988) of the references, the clarity of 

the illustrations and the complete­
ness of the index. Above all, I was 
impressed with the author's writing 
style and his not overly pedagogical 
approach. 

From someone who remembers 
with nostalgia his first encounter 
with the Haynes-Shockley experi­
ment in 1952-seeing on an oscillo­
scope screen the passage of holes from 
one contact on a Ge sample to an­
other-! highly recommend this book 

Finally. .. A High Performance 0.5 Meter 
Monochromator/Spectrograph 

With Triple lndexable Gratings 
And Multi-Port Versatility 

The multi-port SpectraPro® -500 is our low cost, high performance 
0.5 meter monochromator/spectrograph. Standard features, including 
triple indexable gratings, push-button or computer controlled opera­
tion and the capability of simultaneously mounting two detectors 
make the SpectraPro-500 the obvious choice for your application. 
Find out for yourself why hundreds of customers have already 
chosen SpectraPro monochromators and accessories. Send for the 
SpectraPro brochure today! 

SpectraPro®-500 Features: 
• 0.05nm Resolution with 

1200 g/mm Grating 
• Keypad or RS-232 Computer 

Control (GPIB optional) 
• Exceptional Performance with 

Array Detectors 
• New Interchangeable Grating 

Turrets (optional) 
• New Motorized Diverter Mirror 

(optional) 

/ Entrance Slit 

~E~~~~~~~~~ TrlpleGratlng Turrt l {standard) 
Optlonilllnterchangeable 
Triple Grating Turrets 

Manual or Optional 
Motorized Control 

Availllble 

'-Side Exit Slit 

A\: ~A~~~~R·R;;~;~h~~C~~~;~ion 
PO Box 2215 • 525 Main Street • Acton, MA 01720 

Tel: (508) 263·3584 • Fax: (508) 263-5086 • Telex: 94-0787 

Circle number 50 on Reader Service Card 

108 PHYSICS TODAY API\IL 1991 

to those who were there then, as well 
as to those who have come along 
since. 

LAWRENCE G 0 RUBIN 

Francis Bitter National Magnet 
Laboratory 

Massachusetts Institute of Technology 

Pions to Quarks: 
Particle Physics 
in the 1950s 

Edited by Laurie M. Brown, 
Max Dresden and 
Lillian Hoddeson 
Cambridge UP. , New York, 
1989. 734 pp. $59.50 he 
ISBN 0-521-30984-0 

Pions to Quarks is a collection of 47 · 
essays based on lectures presented at 
a 1985 symposium at Fermilab. It is 
the second in a series, of which the 
first volume, The Birth of Particle 
Physics, covers the 1930s and 1940s. 
Unlike the first volume, Pions to 
Quarks includes some contributions 
by historians of science, though most 
are by physicist protagonists of the 
1950s. While the volume will be a 
valuable source for historians, it is 
also fascinating reading for physicists 
wishing to understand the origins of 
today's "standard model" of the ele­
mentary particles and their interac­
tions. Like most successful theories, 
the standard model is often portrayed 
as if it had sprung full-blown from the 
head of Zeus. It is marvelous to be 
reminded of the real story: a struggle 
toward a coherent theory using in­
complete and confusing information, 
plagued occasionally by false or mis­
leading clues. 

The ample volume contains a fore­
word by Leon Lederman and an 
introductory essay by the editors­
Laurie Brown, Max Dresden and Lil­
lian Hoddeson-that are alone worth 
the price of admission. Lederman 
explains what the symposium partici­
pants have in common with a keen­
sighted golf caddy named Pete (of this 
I can say no more). The introductory 
essay by the editors is a succinct 
overview of the period, encompassing 
scientific, technological, political and 
socioeconomic aspects of the story. 

That story is very relevant to the 
situation of particle physics today. 
While the subtle interplay of theory 
and experiment was at work during 
the 1950s, as it always is, the leading 
role was played by experiment-as 
Murray Gell-Mann writes in the clos­
ing essay, there was "a close partner­
ship of experiment and theory in a 
period . . . [of] sensational experi­
ments." By the end of the 1940s the 
notion of separate weak and strong 
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nuclear forces had begun to emerge 
(though less sharply drawn than this 
reader had imagined), a point dis­
cussed in the contributions of Bruno 
Pontecorvo, Abraham Pais and Rob­
ert Marshak. A short, tidy list of 
elementary particles had been enu­
merated. But parity violation and the 
full complexity of the particle spec­
trum were unimagined. Not enough 
of the map of reality was known to 
have allowed any chance of formulat­
ing the unified electroweak theory or 
quantum chromodynamics, the two 
monuments of the standard model. 

Making use of the new technology 
of particle accelerators and detectors, 
the important elements of the map 
were drawn from experiments of the 
1950s and 1960s, so that by the early 
1970s theorists were able to formulate 
the standard model. Today its success 
enables us to formulate deeper ques­
tions, concerning for instance the 
nature of the unknown fifth force that 
the standard model requires to give 
the particles mass. Again, too little of 
the map is drawn, and progress now 
depends on constructing the essential 
cartographic instruments, the Super­
conducting Super Collider being 
among them. 

The 7-8 puzzle is a paradigm for the 
decade of the1950s. Its central role is 
exhibited in a bibliographic analysis 
contributed by D. Hywell White and 
Daniel Sullivan. 8 and 7 denoted 
particles decaying to two and three 
pions, respectively. When precise 
mass and lifetime measurements 
strongly suggested that they were in 
fact the same particle (today's K 
meson), a detailed analysis of the 
decays by Richard Dalitz (which he 
describes in this volume) led to the 
suggestion by T. D. Lee and C. N. 
Yang to search for parity violation in 
the weak interaction. 

This much of the story is fairly well 
known. Less familiar is the work that 
brought the problem to the point of 
Dalitz's analysis. In this story Bohr's 
necessary condition for progress was 
fully satisfied: All possible mistakes 
were made! In the initial cloud­
chamber experiments (described in 
this book by George Rochester and 
Donald Perkins), K and A particles 
were regarded as a single particle, but 
a little later five observed K-decay 
modes were regarded (provisionally, 
it must be said) as five different 
particles (described by Yang, Gerson 
Goldhaber, Val Fitch and William 
Chinowsky). 

Clarification followed from crucial 
technical developments, especially 
higher-energy accelerators and im­
proved particle detectors. Jack Stein­
berger recounts an amusing vignette 

from the 1952 Rochester Conference 
in which a young, unflappable experi­
menter, Robert W. Thompson, over­
comes an impatient J. Robert Oppen­
heimer to describe the "nonconvec­
tive" cloud chamber that allowed him 
to distinguish K from A decays. New 
accelerators (described by Matthew 
Sands, John Blewett, Ernest Courant, 
Lawrence Jones and Donald Kerst) 
were needed to produce large 
numbers of the new particles, which 
previously could only be studied in 
relatively small numbers in cosmic­
ray experiments. Development of 
electronic counters (described by Pe­
ter Galison and Shuji Fukui) was 
essential for the precise measure­
ments that suggested that 7 and 8 
were the same particle, preparing the 
way for Dalitz, Lee and Yang. 

The 7-8 puzzle is only one of several 
major episodes described in Pions to 
Quarks. Besides being entertaining 
reading for today's practicing physi­
cists, the book also provides a useful 
perspective on how great physics is 
done. In particular, it is clear that 
the standard model could not have 
been formulated without the progress 
in accelerators and detectors de­
scribed in this volume. It is equally 
clear that future dramatic develop­
ments in accelerators and detectors 
will be needed to explore the new 
force(s) and particles that the success 
of the standard model enables us to 
contemplate. 

MICHAEL CHANOWITZ 

Lawrence Berkeley Laboratory 

Energy and Empire: 
A Biographical Study 
of Lord Kelvin 

Crosbie Smith and 
M. Norton Wise 
Cambridge U P., New York, 
1989. 866 pp. $89.50 he 
ISBN 521-26173-2 

Lord Kelvin deserved a big book and 
this certainly is one. In more than 
800 pages Crosbie Smith and M. 
Norton Wise provide a major scholar­
ly work on the man who shaped 
physics and engineering more than 
anyone else in Victorian Britain. 
Smith and Wise had separately pub­
lished important articles on Kelvin 
before combining forces in 1980 to 
work on this book. While explaining 
who is chiefly responsible for which 
portions of the book, they emphasize 
that they have integrated their re­
spective contributions and arrived 
jointly at their overall interpretation. 

Smith and Wise divide their story 
into four parts. Part I on "the making 
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