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The 1943 reports of the German rocket 
activity led the US Army Ordnance Depart
ment to enter into a contract with Caltech 
for the continued operation of JPL, under 
which JPL would develop artillery-type 
ballistic missiles. This effort continued into 
the Cold War period, and from it emerged 
the Corporal E liquid-propellant missile 
and the Sergeant solid-propellant weapon, 
both of which were eventually deployed in 
Europe. The latter was the forerunner of 
the modern Pershing missiles. The anxiety 
of the government to get these weapons in
to production as quickly as possible caused 
much confusion and frustration at JPL. 
Yet in this period the laboratory learned 
much about system analysis and develop
ment, and also took the first, crucial steps 
towards creating what ultimately became a 
spectacularly successful system of elec
tronic guidance, control and communica
tion for missiles and spacecraft. 

This missile research was terminated 
with the appearance of Sputnik and the 
initiation, in 1958, of the US space pro
gramme, managed by a new civilian agen
cy, the National Aeronautics and Space 
Administration (NASA), which took over 
the JPL contract. Caltech and JPL were 
glad to close their secret military weapons 
programme and to engage in a more scien
tifically rewarding enterprise. Spectacular 
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managerial problems among the adminis
trators within the Caltech-JPL-NASA 
triangle, all of which are fully described by 
Dr Koppes. This was the era, however, in 
which the appellation "National Security 
State" seems to have the least relevance, 
even though the Caltech-JPL-NASA rela
tions were at their most difficult. The pro
blems stemmed, not from security con
siderations, but from the policy of NASA 
to monitor most critically every aspect of 
the performance of JPL, at a time when 
that establishment was tackling the most 
challenging problems in its history. 

It was ironic that just when Viking and 
Voyager projects brought JPL to the peak 
of its prestige, the government began to cut 
back on planetary exploration, partly 
because the Space Shuttle programme was 
soaking up such a large proportion of the 
NASA budget. JPL suffered serious set
backs when the US portion of the Interna
tional Solar Polar mission was cancelled, as 
well as the proposed fly-by to Halley's 
comet. The only new project remaining for 
JPL is the Galileo mission to Jupiter, carry
ing a probe to be released into Jupiter's 
atmosphere. 

Galileo, the future space telescope and 
other scientific instruments are to be car
ried on the Space Shuttle, along with a 
variety of secret military payloads. This im-
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CONTROLLED thermonuclear research 
(CTR) has as its primary goal the demon
stration that nuclear fusion reactions bet
ween light elements can provide us with a 
new and benign energy source. But despite 
over 30 years of steadily expanding 
endeavour by many countries, now freely 
collaborating, this goal still eludes us. 
Opening the first International Conference 
on the Peaceful Uses of Atomic Energy in 
1955, when the subject was still classified as 
secret by the nuclear powers, Homi J. 
Bhabha of India predicted, "a method will 
be found for liberating fusion energy in a 
controlled manner within the next two 
decades". Much the same might be said 
today. 

This situation, though favourable for 
the job prospects of plasma physicists, puts 
the historian in a quandary; any account of 
a national fusion programme must 
necessarily be open-ended - should one 
wait for a successful outcome to round it 
off neatly? The answer is an actuarial no; 
several pioneers of fusion have already died 
- Thomson, Cockcroft and Chick in Bri
tain, Kurchatov, Sinelnikov and Art
simovich in Russia, and Ruark, Christo
filos and Tuck in the United States. (For
tunately Dr Bromberg started her work in 
good time to interview Tuck.) Others can-

_; didly admit to having memories that are 
e:; 
1i · dulled or, more embarrassing, inventive; 
"' the historian has little time to spare. 
0 
c As the subtitle of her book suggests, 
-~ Joan Bromberg has concentrated on the § 
.E political and organizational aspects of the 
.: Magnetic Fusion Program in the United 
~ States, while providing just the right 
o. amount of scientific background and detail 

February 1958, just after Sputnik - Richard Nixon (then Vice President of the United States) to enable the non-specialist reader to 
examines a model of Explorer I, the first satellite built by the United States. On the right is William understand the principles of the various 

Pickering, Director of JPL at that time. Lee DuBridge is on the left. experimental approaches described. The 
achievements followed in quick succession. pels Dr Koppes to suggest that NASA is result is a fascinating account of how the 
JPL built the upper stages and instrument now a part of the national security ap- development of one government-
package for the first US satellite, Explorer paratus, which is like saying that a trucking sponsored research project has been 
I. Then came a series of Rangers, company is a national security enterprise shaped by scientists, politicians, indus-
Surveyors, Mariners, Vikings and because it may sometimes carry a military trialists and world events. 
Voyagers which gave the first close-up load. Be this as it may, it is clear that both Experimental work on CTR began quiet-
views of the Moon and all the planets out to NASA and JPL are undergoing a change in ly in Britain in the late 1940s, with a total 
Saturn. One Voyager is now on its way to course, and what the future will be is still of about a dozen scientists working in three 
Uranus, still transmitting data to Earth uncertain. The fact remains, however, that small groups at the universities of Oxford, 
after six years and over 109 miles of space JPL has made scientific and technological London and Liverpool. Although this 
travel. The pictures taken and the scientific history. Many will be glad that this history work received no publicity, quite a few 
imformation gathered by these missions has now been preserved by Clayton physicists knew about it; significantly, 
have given the world a wholly new concep- Koppes. 11 these included James Tuck, working at Ox-
tion of the Solar System. ford, and Klaus Fuchs at Harwell. Tuck 

These successes were, however, laced Lee A. DuBridge, a member of the President's moved to the United States in 1949, became 
Science Advisory Committee from 1969 to 1972, 

with many difficulties and frustrations. was President of Caltech from 1946 to 1969 naturalized, and initiated the fusion pro-
There were frequent disagreements on where he is now President Emeritus. gramme at Los Alamos which later became 
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known as Project Sherwood. Fuchs took a 
different direction. In March 1950 he was 
convicted of spying for Russia, and 
towards the end of that year CTR in the UK 
was classified as secret, ostensibly because 
of its military potential. In my view the real 
reason was an obsession with secrecy for its 
own sake, to which the United States 
Government was not immune, for their fu
sion programme was born classified in spite 
of concerted opposition from the scientists 
concerned. Even the very fact that the 
Atomic Energy Commission was sponsor
ing CTR was kept secret, as was the loca
tion of the experiments, although all three 
countries must have been aware of each 
other's interest in CTR. Surprisingly 
Russia was the first to publicize its fusion 
research through the famous Kurchatov 
lecture at Harwell in 1956, much to the 
discomfiture of the other two. 

Subsequently the security barriers were 
gradually dismantled. First came the UK
US exchanges of information and 
laboratory visits. Then, after some hard 
bargaining in an atmosphere of rivalry and 

Los Alamos's Perhapsatron S-4, which together 
with other examples of fusion technology was dis
played at the second Geneva Conference in 1958. 

suspicion fomented by the Press on both 
sides of the Atlantic, agreement was 
reached on the publication in Nature in 
January 1958 of a group of papers which in 
effect formed a joint progress report on 
CTR. Bromberg's account of this episode 
may upset the more sensitive members of 
the Harwell team even now, and indeed it 
does contain some technical inaccuracies 
concerning ZETA, the huge toroidal gas 
discharge which was Britain's major fusion 
experiment. But in the context of a history 
of fusion within the United States, it is in 
my view a valid and objective assessment of 
a precarious period in UK-US collabora
tion. 

Complete declassification of CTR was 
agreed in time for the second Geneva Con
ference in 1958, where all nations having 
fusion programmes would be able to reveal 
the extent of their progress and to exchange 
ideas. Here the Americans took the oppor
tunity to mount an elaborate working 
exhibit, the Sherwood Spectacular, which 
dominated the conference and attracted 
100,000 visitors. This was a great boost to 
US prestige, but it was only achieved at the 
cost of totally diverting their CTR effort 
for many months. 

The account of the first decade of fusion 
work in the United States is for me the most 
interesting part of the book. The four 
government-sponsored laboratories -
Livermore, Los Alamos, Oak Ridge and 
Princeton - enjoyed a high degree of 
autonomy. They worked on their in
dividual ideas with a pioneering and some
times partisan attitude in geographical 
isolation; a round trip of these laboratories 
entailed a journey of at least 6,000 miles. 
This is reflected in the diversity of their 
early schemes for the magnetic confine
ment of plasma, some of which bore 
intriguing names. Los Alamos had its 
Perhapsatron and Columbus, pulsed 
discharges in toroidal and cylindrical tubes 
respectively; Livermore had magnetic mir
ror traps named Toy Top and Table Top; 
Princeton's large pretzel-shaped apparatus 
was called the Stellarator. Oak Ridge's 
direct current experiment had the more 
prosaic acronym, DCX. Naming fusion 
devices gave much scope for whimsical 
originality; my favourite acronym is Llan
dudno - large linear and no doubt 
unstable discharge - coined by Tony 
Malein at Harwell. 

With the advent of international 
cooperation in CTR, the US experimental 
programme became increasingly influenc
ed by developments overseas. Over the 
same period scientific direction and finan
cial control were inexorably withdrawn 
from the laboratories to the central ad
ministration in Washington DC. The later 
chapters of the book mainly deal with the 
activities of this central power base under 
changing styles of leadership and organiz
ation. They provide an insight into the 
vagaries of political priorities and in
dustrial expediency which is instructive and 
at times cautionary. 

This book is, as far as I am aware, the 
first official history of a national fusion 
programme to be published. Earlier ac
counts of fusion research have in the main 
been written by participants rather than 
professional historians, and in con
sequence have been restricted in scope and 
outlook. Joan Bromberg has set high stan
dards of sensitive objectivity, technical ex
position and assiduous referencing for 
others to follow. 11 

Philip Davenport joined the CTR group at 
Oxford in 1949 and subsequently worked on 
early experiments at Harwell and Culham 
Laboratory. Now retired, he is an honorary con
sultant to Culham on historical matters. 
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As a person, Hideki Yukawa was little 
known in Western countries, although he 
died only two years ago. His name, 
however, won international renown for his 
theory that the nuclear forces were 
mediated by a field due to massive meson, 
as laid out in his paper of November 1934 
published in the Proceedings of the 
Physico-Mathematical Society of Japan, 
for which he received the Nobel prize in 
1949. This autobiography, detailing his life 
from his birth in 1907 up to 1934 and telling 
how he came to his idea, has therefore a 
rather special interest. 

The first surprise is to learn that Yukawa 
was his adoptive surname, taken when he 
married into the Yukawa family. His 
father's surname was Ogawa, but that 
again was an adoptive surname, for his 
paternal grandfather's surname was Isai. 
To confuse things further, his father-in
law was born with the surname Sakabe. His 
father-in-law's adoption by the Yukawa 
family had a more understandable, 
although surprising reason, namely that 
the family Sakabe had been abolished by a 
local Lord, who ordered Sakabe senior to 
commit hara-kiri, so that Sakabe junior 
was in need of a family. 

Despite this unfamiliar background, 
Yukawa's mind and its course of develop
ment conform to patterns quite familiar to 
us, common among physicists of imagina
tion. The young Yukawa was strongly 
introverted and his inner life was the more 
immediate and dominant for him, until 
well into his late 20s. Much he considers 
important about his childhood goes against 
current educational theories. For example, 
his grandfather taught him the Chinese 
symbols by rote, introducing him to the 
great Chinese classics without any under
standing of the text in which they were 
used, a training he counted a great advan
tage in later life. He also found great value 
in children's literature of an old-fashioned 
type which taught him important patterns 
of behaviour and provided models for his 
attitudes in life. As he put it, "the chaotic 
material" which came into his mind in this 
way "became ordered and organized into 
life's direction". 

Yukawa had no yearning for foreign 
lands; his life was mostly within him. When 
Einstein came to Kyoto to lecture, he made 
no effort to attend (although he was, of 
course, then only in high school and did not 
know that he was to become a physicist). 
However, Yukawa's interest in modern 
physics was first aroused about this time, 
by Reiche's book on the old quantum 
theory and its difficulties, which he found 
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