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CECIL FRANK POWELL
1903-1969
Elected F.R.S. 1949

Cecil Frank Powell died suddenly on 9 August 1969, on holiday with his
wife in Italy, immediately after his retirement as Head of the Department
of Physics at Bristol University. He had been elected to the Royal Society
in 1949, receiving the Hughes Medal in the same year. He gave the Bakerian
lecture in 1957, a Tercentenary lecture in 1960, and received the Royal
Medal in 1961. He had received the Charles Vernon Boys Prize of the
Physical Society of London in 1947. He received the Nobel Prize for Physics
in 1950; and in 1967 the Academy of Sciences of the U.S.S.R. gave him its
highest award, the Lomonosov Gold Medal, he being the first foreigner
ever to receive it. He was elected a Foreign Member of the Academy of
Sciences of the U.S.S.R. in 1958, and of the Yugoslav Academy of Sciences
and Arts in 1966. Fie was an Honorary Member of the Royal Irish Academy,
and of the Leopoldina Academy, Halle; an Honorary Doctor of Science of
the Universities of Dublin, Bordeaux, Warsaw, Berlin, Padua and Moscow;
and an Honorary Fellow of Sidney Sussex College, Cambridge, and of the
Institute of Physics and the Physical Society. He had been Chairman of the
Science Policy Committee for CERN 1961-1963; Chairman of the Nuclear
Physics Board of the Science Research Council 1965-1968. He was also
Chairman of the Cosmic Rays Commission of IUPAP. He was President
of the Association of Scientific Workers from 1952 to 1954, President of
the World Federation of Scientific Workers from 1956 till his death, and was
a founder member of the Pugwash Movement from its inceptions between
1954 and 1957, presiding at the plenary meetings of the First Pugwash
Conference and becoming Chairman of its executive, the Pugwash Con-
tinuing Committee, in 1967.

He was born on 5 November 1903 at Tonbridge, Kent, the son of Frank
Powell, a gunsmith, whose family had long practised that trade in the
town. His mother, Elizabeth Caroline ( Bisacre), came from a Huguenot
family settled in the Cotswolds, and her father, George Bisacre, had estab-
lished a private school at Southborough, near Tonbridge. The family had
a high regard both for learning and the practical arts. His father’s brother
Edwin had constructed the first successful motor-car in the district, and
another brother, Horace, was a practical engineer of great ingenuity and
resource, but without the advantages of professional academic training. One
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of his mother’s brothers, however, had succeeded in spite of difficulties in
reaching Trinity College, Cambridge, becoming a successful engineer and,
later, a publisher. Powell’s mother determined to try and secure similar
educational opportunities for her son, and it was to her persistence that many
of his later opportunities were due.

Frank Powell had been rendered bankrupt by a lawsuit consequent upon
a shooting accident—a case which, as ‘Powell’s case’, had some considerable
fame among lawyers, so C.F.P. learnt many years later. The effect of this
on the family circumstances, and C.F.P.’s first introduction to science are
both graphically revealed in an account told in his own words: ‘By accident
I was very early made aware of the important distinction between book
learning and practical experience; of the importance of “a commerce of the
mind with things”.

‘My maternal grandfather was a school teacher, and when | was a boy
of about twelve, living in Tonbridge, he used to visit us from time to time
bearing gifts in the form of text-books on the sciences. He lived in South-
borough, only two miles away, which had been the home of a number of
cramming establishments. There were several booksellers there from whom,
for \d or Id, he was able to buy second-hand text-books on subjects which
he regarded with awe, but which he thought ought to be within the compass
of a young mind. | remember the binding, but nothing else, of books on such
subjects as “Advanced Trigonometry”, “Solid Geometry” and “The
Calculus of Variations”. Most of this was completely beyond me, but among
these riches there was a book on “Chemistry” by Perkin and Kipping which
captured my imagination. | think | was first attracted to it because it had
a pleasant binding and was on good paper, generous in the size of page and
print, and well set out. But when | came to read it, | found it full of romance.
It was all about things with names which excited the imagination like
“spirits of nitre”, “sugar of lead”, “corrosive sublimate”, “fuming sulphuric
acid”, “yellow phosphorus” and “spirits of salt”, and it described such
fascinating exploits as producing insoluble lead iodide by the process of
double decomposition. When you mixed two colourless solutions, one of
sugar oflead and one of potassium iodide, there was an immediate precipitate
of tiny, brilliant yellow crystals; or so the book asserted. | wanted to do
some of these things for myself.

‘My mother was deeply concerned for my education and because my
spelling was poor, she used daily to give me dictation, reading out the
leading article from the Daily Mail. We were very poor at the time—my
father used to get 25.? a week—but | managed to persuade her to acquiesce
in my proposal to save up for enough apparatus to generate the gas hydrogen
by the action of dilute sulphuric acid on granulated zinc. By accumulating
the financial proceeds oftwo birthdays and one Christmas, this | managed to do.

‘My source of supplies was a chemist’s shop near the railway station run
by a man called Upton. He was a kind and amiable man, rather short-
sighted with pale blue eyes, and | remember vividly the quizzical expression
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on his face as | peered up and over the counter and asked for such items as
two ounces of cyanide of potassium and a bottle each of sulphuric and nitric
acids. How much | owe him; he never refused me anything. The proceedings
must have been highly irregular even in those days; he used gravely to
warn me of the nature of the substances he was delivering and how they
should be handled; and treating me with the gravity and seriousness of an
adult, he placed his reputation and his future into my hands.

‘Eventually the day arrived when | had assembled all the gear; flasks
and thistle funnels, rubber bungs and connecting tubing, granulated zinc
and sulphuric acid. The apparatus was assembled in an outside shed with a
corrugated iron roof which my Uncle Horace had built for us to store coal.
It had no window, but there was a shelf six inches wide running across one
end, and it could be illuminated by the light of a candle.

‘With the zinc in the flask, I inserted the bung carrying the thistle funnel
and poured in the diluted acid. There was an immediate reaction. The
mixture in the flask seethed and bubbled like the witches’ cauldron in
Macbeth; great iridescent bubbles appeared and broke and | waited
anxiously for the generated gas to bubble out from the end of the connecting
tube and to rise up into the inverted flask filled with water which was my
only available means to collect it. But nothing happened. | concluded there
must be a leak.

‘Now, according to Perkin and Kipping, hydrogen burns in air with a
lambent blue flame. It seemed to me that, with such a manifestly large
volume of gas being generated, it must be escaping somewhere in the form
of ajet, and that | should be able to ignite it if | passed the flame from the
candle over the places where a leak might occur. So cautiously taking the
candle | began the experiment!

‘There was an explosion which, in that confined space, and with that
corrugated iron roof, seemed absolutely tremendous. The candle was blown
out, and | was left in the dark, dazed and deeply impressed but otherwise
unhurt. Of all the apparatus, glassware, acid, granulated zinc, | never
discovered the slightest trace except the candle, and the rubber bung;
and none of it, neither glass splinters nor acid, was buried in my face or
clothing. After a few minutes | collected myself sufficiently to open the door
and shout out “Mum! did you hear that?” and my mother who had been
frozen in her armchair where she had been reading the newspaper, doubtless
choosing a suitable passage for the evening dictation, breathed again.’

This account has introduced Cecil Powell’s Uncle Horace, the utterly
self-reliant Jack-of-all-trades, who was the subject of many of the stories
with which he liked, on social occasions, to exercise his skill as raconteur.
They were intended as humorous stories, but showed real admiration. In
many ways Powell endeavoured to emulate his uncle, always liking to do
what he could with his own hands, including making his own furniture;
and when he came to be involved in planning the large collaborative team
efforts of ‘big science’, it was his constant endeavour to secure that every
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member of a team had some part in the project which was his personal
responsibility, if possible involving physical as well as intellectual activity.

C.F.P. went first to the local elementary school from which, at eleven,
he won a scholarship to the Judd School at Tonbridge, where the highly
reputed physics master F. Jarvis made his choice of subject unambiguous.
He proceeded with a State Scholarship and a College Open Scholarship
to Sidney Sussex College, Cambridge, and graduated in 1925, obtaining
First Class Honours in Parts | and Il of the Natural Sciences Tripos. He was
placed second in his year for physics. He accepted a teaching post at Upping-
ham, but did not take it up, preferring the opportunity to do research in
Rutherford’s laboratory, under the direction of C. T. R. Wilson. In 1928
he moved to Bristol as Research Assistant to Professor A. M. Tyndall.
There he became Lecturer in Physics, 1931, Reader in Physics, 1946,
Melville Wills Professor of Physics, 1948, Henry Overton Wills Professor of
Physics and Director of the H. H. Wills Physics Laboratory 1964-1969, and
at the same time a Pro-Vice-Chancellor of the University, 1964-1967.

In 1932 he married Isobel Therese Artner, born in Hamburg, the daughter
of an Austrian father and a Scottish mother. This proved a very happy
union. She was to give close support to every aspect of his life and work
from then on, and it would be difficult to overestimate her contribution.
The first of their two daughters was born in 1933. The immediate conse-
quence was that he found his income inadequate, and applied for a research
post with B.T.H. at Rugby. He received an offer at more than double his
University salary, and was prepared to accept it: but this was vetoed by
his wife who was sure that he would not be as happy in a commercial setting
as at the Royal Fort, and Tyndall was able to arrange an increase in his
salary, averting the crisis. There can be little doubt that the choice thus made
for him was right.

It was not until 1938 that he was to find the scientific subject which he
could make peculiarly his own. Max Delbriick, who shared rooms with
him in Bristol in 1930 (and introduced him to the girl he married), says:
T would like to characterize Cecil’s attitude at that time as one of enjoyment
in his technical competence without any deep interest in science.” Delbrtick
attributes to Powell’s wife the truly deep interest in science, its purposes,
and its political implications, which he developed in later years.

His first research work, at Cambridge under C. T. R. Wilson, on con-
densation phenomena, had the original intention of determining whether
better track photographs could be obtained by operating a Wilson chamber
at other than room temperature. Its most important outcome was one of
significant consequence for engineering, the discovery that supersaturation
in rapidly expanding steam accounted for an anomalously high rate of
discharge of steam through nozzles.

His work during his first four years in Bristol, for the most part with
Tyndall, was concerned with measuring the mobilities of ions in gases,
eliminating uncontrolled sources of impurity which had previously made the
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nature of the ions variable and uncertain. This work established the nature
of the ions in most of the common gases, and yielded accurate measurements
of their mobility. In the last of this series of papers Tyndall’s name is absent
and Powell is assisted by L. Brata, a Siamese. Two papers follow, in 1933
and 1935, with L. Brata and R. L. Mercer respectively, on new sources of
positive ions (of indium and thallium, generated thermionically on oxide
surfaces).

In 1935, to quote from a memoir by Tyndall, ‘discussions . .. raised the
doubt whether in the future any Laboratory would acquire full international
prominence unless some branch of nuclear physics was a subject of experi-
mental investigation within it’. In consequence, Powell assumed the
responsibility for constructing a 700 kV Cockcroft generator, and in due
course a cloud chamber to register tracks from its highly focused 20 /x amp
proton beam. This was his concern till 1939. In 1940, as the laboratory
filled up with other occupants displaced by war, the high voltage generator
was dismantled, never to be assembled again.

Nevertheless, at the outset of this project, Powell was diverted from it by
being appointed seismologist to the expedition to Montserrat organized
jointly by the Royal Society and the Colonial Office, to investigate the series
of earth tremors there, which it was feared, might lead up to a volcanic
eruption similar to that of Mont Pelee in Martinique in 1903. With rather
primitive instruments the foci of the earthquake activity were located, and
in due course A. C. MacGregor and Powell reported on their studies leading
up to the correct conclusion that this outcome was not to be expected.

At the end of 1937 or beginning of 1938, W. Heitler (in Bristol from
1933 to 1941) showed Tyndall a publication by Blau and Wambacher,
remarking that the method was so simple that ‘even a theoretician might be
able to do it’. Encouraged by Tyndall, Heitler exposed an ordinary photo-
graphic plate on the laboratory roof, and on examining it with a microscope
saw some tracks and a ‘star’ (the latter due to some radioactive decay).
Heitler suggested absorption experiments in air and lead, and Powell
devised the box of photographic plates and lead sheets which Heitler
carried to the Jungfraujoch at the end ofJuly or beginning of August 1938,
to be brought back 230 days later in March 1939. Powell also exposed a
plate tangentially to his proton beam, was impressed by the results, and then
thought of using the technique with ‘knock-on’ protons to determine the
energy spectra of neutron sources. From this time on he set about the task
of devising precise ways of measuring track characteristics, to develop the
photographic emulsion method into a precision tool of particle physics. The
letter to Nature by Powell and Fertel on ‘Energy of high velocity neutrons by
the photographic method’ (15 July 1939), appeared just before the letter
(by Heitler, Powell & Fertel, 12 August 1939) on ‘Heavy cosmic ray particles
at Jungfraujoch and sea level’. Miscellaneous diary notes of R. L. Mercer
(his assistant then, and a friend from schoolboy days: his complete diaries
for this period were unfortunately destroyed) show Powell gradually



Downloaded from https://royal societypublishing.org/ on 06 January 2022

546 Biographical Memoirs

concentrating his attention on to the new method during 1938 and 1939. In
1938 the high voltage set and cloud chamber took most of his time (though
on 17 March he was in London discussing another proposed seismological
expedition to Dominica). The 20 /xamp focused proton beam was obtained
on 4 May. On 24 March 1939 Mercer joined the newly-formed track-
measuring team for photographic plate work ‘C.F.P., Fertel Stobbe and girl’,
or ‘Cox, Fertel and the little girl’ according to another note. He had to leave
it because of conjunctivitis six months later. On 17 April a new Leitz
binocular microscope arrived. On 28 May Powell states the need for ‘three
more microscopes and three girls’. (His future style of work-organization
had already taken shape.) Frohlich recalls that at the outbreak of war
Tyndall spent all resources available to him in buying up German micro-
scopes that were still available in this country. Mercer notes T9 September
1939, Phoned Dunscombe (the local optical dealer)—No news of the Leitz
microscopes’. On 17 November he has ‘Letter from Chadwick offering
C.F.P. use of the 5Mvolt cyclotron for proton-proton scattering’. Powell
was sure of the importance of the new method. On 20 November he told
Mercer ‘Between you and me, boy, we are at the centre of world physics’
and ‘After only a few weeks, Champion is as fast and as accurate as I’.
From 1940 onwards Powell applied the photographic method to high energy
neutron spectroscopy for the British Atomic Energy Project, but the main
harvest of results and development of methods was to follow after the war.
An appendectomy, with peritonitis, in 1941, diminished his activity for a
while.

It is important to realize that in his successful effort to make the direct
registration of tracks in the photographic emulsion a method of precision
in nuclear physics, Powell was proceeding against all received opinion. This
ismade clear in A. M. Tyndall’smemoir which is reproduced as an Appendix.

Powell’s outstanding contribution to scientific knowledge was the dis-
covery of the pion in 1947. This discovery finally resolved a great mystery
and apparent contradiction surrounding the cosmic ray mesons and nuclear
forces. Its impact on nuclear physics was so tremendous that it is worth
recalling briefly some of the history preceding this discovery and the vital
part Powell played in it.

Many years before, in 1935, Yukawa had postulated that there should
exist characteristic quanta associated with the nuclear field, analogous to
gamma-ray quanta of the electromagnetic field. Yukawa predicted that
these quanta should have a Compton wavelength, equal to the range
of nuclear forces (~10-13 cm) and thus a mass, m, of order 200 times the
electron mass. These speculations were apparently confirmed with the
discovery in cosmic rays of mesons, or particles of mass intermediate between
that of the electron and proton, by Anderson & Neddermeyer, and by
Street & Stevenson, between 1936 and 1938. These mesons appeared as
penetrating particles in cloud chambers, and eventually one or two examples
were found which came to rest in the gas and underwent radioactive decay



Downloaded from https://royal societypublishing.org/ on 06 January 2022

Cecil Frank Powell 547

into an electron and neutral particles. It was soon shown, by delayed coinci-
dence experiments with counters, that the mean lifetime of such mesons was
about 2 X 10-6 s, a figure which was also roughly in accord with the expectations
of Yukawa.

The Yukawa quanta were however expected to undergo strong interaction
with atomic nuclei, and a disquieting feature of the early observations was
that, although numerous examples were known where mesons had traversed
metal plates in cloud chambers, no example had ever been observed of their
interaction ‘in flight’. The situation was finally clinched by Conversi,
Pancini & Piccioni, in some beautiful experiments in Rome just after the
end of World War Il. Using a system of counters and an electromagnet,
they were able to observe the separate fates of negatively and positively
charged mesons coming to rest in various materials. In particular, they
observed that negative mesons stopping in carbon always, or nearly always,
underwent decay. Several calculations had shown that slow negative mesons
should be captured by an atom into Bohr-type orbits of high quantum
number, and thence rapidly cascade down to the lowest level, in which they
should spend an appreciable fraction of the time inside nuclear matter. For
the case of carbon, such mesons would travel in nuclear matter, in a mean
lifetime, a distance of some 102 times the internucleon separation. So, these
mesons must have only a weak interaction, and could not be the nuclear
guanta of Yukawa.

In 1947, Marshak & Bethe had pointed to a way out of this difficulty by
proposing that there might be other types of meson; a heavy meson, to be
identified with the Yukawa quantum, produced copiously in energetic
nuclear collisions, which decayed rapidly into a lighter meson which itself
had no strong interaction. Shortly afterwards, Powell and his group obtained
photographs of the decay of one type of meson, which they called the pion,
into a lighter particle, called the muon. They showed that the pions were
indeed produced copiously in nuclear interactions in cosmic rays, and that
it was therefore the non-interacting muons which had been observed in the
earlier experiments.

The impact of the discovery of the pion on the scientific world in general
and on physics in particular was profound. It stimulated the building of a
new generation of accelerators with which to probe the newly-discovered
domain of sub-nuclear physics and to uncover the richness of completely
new and unexpected phenomena. In a very real way, Powell can be said
to have been the father of particle physics.

It is of interest to recall some of the detailed circumstances which led
Powell to the discovery of the pion. This discovery followed from a truly
remarkable combination of the right man pushing exactly the right experi-
mental technique at the right time. As has already been stated, Powell had
for long been the chief protagonist of the photographic method, during a
period when it had fallen into some disrepute and was considered by many
to be incapable of reliable and reproducible precision measurements. Powell
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was undeterred by the majority opinion on the matter and was convinced
that, if one could achieve a modest increase in sensitivity and obtain more
reproducible emulsions, one would have a technique which would almost
certainly yield new and unexpected nuclear phenomena, since it allowed
the investigation of processes taking place on a scale of distance and time
not attainable by any other method then available. To this end, Powell
played a prominent part in a small panel set up by the then Ministry of
Supply just after the end of World War Il. This panel, chaired by Professor
J. S. Rotblat, had the task of advising the photographic firms of llford
and Kodak Ltd, who were under contract to the Ministry of Supply to
produce emulsions for nuclear research. Within a few months, the chemists
at Illford (C. Waller in particular) had produced a series of ‘concentrated’
emulsions, with a halide/gelatine volume ratio as high as 1:1, in 50 fxm
thickness. The most sensitive of these, the C2 and B2 types, were able to
record particles of ionization down to about six times that of a relativistic
particle of unit charge. Shortly thereafter (1947) it was shown simultaneously
by Occhialini & Powell in Bristol and by Perkins in London that these
emulsions could record the tracks of cosmic ray mesons near the end of
their range. The discovery of the characteristic pi-mu decay followed soon
afterwards. Eventually, in 1948, the Kodak Laboratories first produced
emulsions which were sensitive to singly-charged particles of minimum
ionization. The chemists were also able successfully to produce emulsions
of even greater thickness, up to half or one mm; this development was
crucial to the recording of complex events relying for their identification on
bringing to rest energetic particles by ionization loss inside the emulsion
layer.

The above advances in the production of sensitive photographic plates
would have been of little avail if they had not been paralleled by other
innovations in technique and organization which had been put in hand
simultaneously by Powell. The first of those related to the exposure of the
emulsions to the cosmic-ray beam. The first experiments had been carried
out on mountains—at the Jungfraujoch and the Pic du Midi—but, at an
early stage, Powell realized that, in order to obtain a reasonable number
of events and investigate in detail the pion production process itself, it was
essential to transport the emulsions to the stratosphere, where they would
be exposed to the primary cosmic ray protons. He therefore embarked on a
programme of balloon flights. At first these were made using strings of
Meteorological Office rubber balloons. These were not really suitable for
long flights at high altitude, and they were replaced by open-ended plastic
balloons filled with hydrogen. These were manufactured in Powell’s labora-
tory at Bristol by heat-sealing sheets of commercial Polythene, and were
launched at the crack of dawn from such favourite spots as the university
sports field and Savernake Forest. Powell’s car covered many miles chasing
such balloons over the countryside. Powell and his ‘balloonatics’ excited
curiosity on the part of the populace at large, flying saucer stories in the
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press and the intense wrath of British Rail; on one occasion a balloon came
down in the path of an express on the Bristol-Bath line. Questions were
asked in the House, and it soon became apparent that the days of balloon-
flying in England were numbered. This had what later turned out to be a
providential effect, in removing the site of balloon operations to the
Mediterranean area.

The chemical processing of the thick photographic emulsions used in
these researches posed special problems (as had been recognized by Kinoshita
as early as 1915) in securing a uniform degree of development of the latent
image with depth in the layer. These were elegantly solved in 1948 by the
introduction of the temperature cycle method by Dilworth & Occhialini.
The ultimate step in the perfection of the photographic method took place
in 1952, when Powell published a paper describing how emulsion layers
could be stripped off the glass backing, assembled like a pack of cards for
exposure, and later re-mounted on glass plates for processing. This pro-
cedure, which Powell later found had been suggested originally by Kinoshita
& lkeuti some forty years before, was of fundamental importance in achieving
the realization of very large volumes of continuously sensitive material.
Without it, the identification of the decay modes of the K-mesons and
hyperons, the precise measurement of their mass and the study of their
interaction characteristics, would have been very difficult. In turn, these
observations had an important bearing on the formulation of the hypotheses
of associated production of kaons and hyperons, and the introduction of the
strangeness quantum number, by Pais, Nishijima & Gell-Mann.

Besides the names of new particles, like the ‘pion’ and the ‘muon’, Powell
was responsible for the introduction of another phrase how common in high
energy physics—‘scanning girl’. A vital innovation necessary for the success-
ful prosecution of the researches with the emulsion method, was the creation
of teams of girls to perform the tedious examination of the emulsions by
means of high-power microscopes, for events of interest. It is not clear how
the idea first originated, but Powell soon convinced everyone that it was
possible to train young women, with no formal knowledge of physics, to
perform this exacting work with expertise and meticulous accuracy. The
enthusiasm with which these girls searched out new and unexpected events
was certainly no less than that of the physicists who measured and inter-
preted them. The employment of teams of scanners soon became common-
place, and was later extended in numerous laboratories to the more modern
techniques of the bubble chamber and spark chamber.

Characteristically enough, although the success of his researches depended
not only on ideas but on the detailed organization of the several different
aspects of technique and method, Powell was always able to give the impres-
sion that his work was simple and unsophisticated. This probably cannot
be better illustrated than by recalling a lecture he gave at an informal
conference in Bristol in 1948. He was discussing the measurement of the
lifetime of the charged pion in an experiment at the Jungfraujoch. In closing,
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he told his audience that he would like to show them the most vital part of
the apparatus employed. He reached under the lecture bench, and, with a
flourish, produced an empty cocoa tin!

There is not space here to catalogue all the contributions which Powell
and his group made with the photographic method to the field ofhigh energy
physics, and we can mention only the most outstanding work. First and most
important was the discovery of the pion, described in a series of letters and
articles in Nature in Powell’s own style of impeccable English. Noteworthy
among the later papers was one in 1950 by Carlson, Hooper & King, on
the analysis of electron-pairs in balloon-borne emulsions, presenting evidence
for the production, in energetic nuclear collisions, of a neutral pion decaying
to two y-rays. This paper showed that positive, negative and neutral pions
were produced with roughly equal frequency, and established a limit for the
neutral pion lifetime of < 10-14 s. These experiments were in fact simultaneous
with those carried out at the Berkeley synchrocylotron, using a pair spectro-
meter to analyse the y-rays emitted when artificially-produced negative
pions were brought to rest in hydrogen. The richness and variety of the
cosmic ray work at Bristol was demonstrated with the observation of the
decay of charged heavy mesons (now known as kaons) in a variety of modes,
by Fowler, Menon, O’Ceallaigh and others; the determination of the charge
spectrum of the primary cosmic ray nuclei by Dainton, Fowler & Kent;
and the first observation of direct pair creation by energetic electrons
(tridents) by Hooper & King. At the 1953 Rochester Conference, Leprince-
Ringuet, of the Ecole Polytechnique, paid a unique tribute to this record.
Describing the new and exciting events found in cloud chambers and
emulsions during the previous few months, he explained that, in Europe,
‘Bristol est le soled’.

An important development in the research which Powell directed took
place in 1952, following a discussion at a Conference on Heavy Mesons at
Bristol in December 1951. This was the decision, already noted, to remove
the site of balloon-flying operations to the Mediterranean. This move was
rendered necessary not only by the more stringent controls of air-traffic
over England, but also by the need to obtain better and more stable weather
conditions, allowing longer flights and the recovery at sea of the emulsion
stacks and other equipment when they came down by parachute. These
flights were made from Sardinia, from the Po Valley, and from Southern
Italy, and in appropriate cases there was welcome support from the Italian
Navy. Powell made many films of the launching and recovery of these
balloons, and delighted to recount hilarious stories of the frequent incidents
between the naval authorities and the men of the local fishing fleets, who,
if they found the scientific equipment floating in the sea, were inclined to
regard it as treasure trove.

Powell realized that, to organize these distant expeditions on a useful
scale, international cooperation of many institutions was necessary. First
of all, he arranged that the manufacture of the plastic balloons, under the
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direction of H. Heitler, should be duplicated at the University of Padua.
The cooperation of the Italian Navy and Air Force in tracking and recovery
has already been mentioned. Ten universities were involved in the 1952
flights, and even more in the following year. The list is impressive: Bristol,
Dublin, Bern, Caen, Catania, Copenhagen, Ecole Normale Superieure and
Ecole Polytechnique, Paris; Oslo, Sydney, Trondheim, Uppsala, Warsaw,
Brussels, Genoa, Lund, Rome, Padua, Milan, Turin, Gottingen and London.
Each university group sent at least one representative to assist in the
launching of some thirty separate balloon flights, and each group was
responsible for the preparation of different items of the varied balloon-
filling, tracking and recovery equipment.

The very large volumes of emulsion carried in these Italian flights were
too great to analyse in one laboratory, and they were divided between the
many participating universities. The main purpose behind one of the most
important of these stacks—the so-called G-stack—was a systematic analysis
of the various decay modes of charged K-mesons. This entailed following
tracks of secondary particles over great distances through as many as a
hundred emulsion sheets, which might be located in two or three widely
separated laboratories. Many thought a cooperative venture on such a scale
would not work. However, it did work, and Powell, who had first conceived
this project, was proved right. The experience with these emulsion experi-
ments therefore first demonstrated that large-scale collaborations in high-
energy physics between many groups were feasible; indeed they have now
become commonplace, in both this field and others in physics.

An extremely important aspect of the early European collaboration with
the emulsion technique was that it enabled small and rather isolated
university groups, with very limited financial resources, to take an active
part in discoveries in a new and exciting field of research. As an example,
the minimum ‘share’ required for a group to partake in the 1953 expedition
was £1000. Powell saw more clearly than anyone the need for, and the
advantages of, such cooperation, and his experiences in making them
possible were of inestimable value in the later setting-up and running of the
CERN organization, in which he played such a large part.

Following on the Nobel Prize award in 1950, Powell was brought on to
the wider, and more political, international stage of science. A wide
acquaintance with scientists of many nations helped him in this. In his
speech at the banquet in honour of Nobel Laureates he had been able to
say: ‘I am the fortunate representative of a group of many scientists, drawn
from more than 20 nations, who have worked together in great harmony
in Bristol in contributing to the development of a new tool in nuclear
physics.” In assembling that remarkable international team he had followed
a tradition established by Tyndall from the very first days of the laboratory
in Bristol.

His political position in the years following the war was well to the left
of the majority of his countrymen. Abroad, this was a help to him, in
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Istituto Nazionale di Fisica Nucleare - Sezione di Padova (Pd)

(ricevuto il 2 Ottobre 1955)

Contents. — 1. Introduction. —2. Objectives of the experiments. 1) Modes
of d6cay of Heavy Mesons. 2) Importance of accurate mass measure-
ments. 3) Significance of relative frequency of occurrence of different
modes. 4) Energy spectra of secondary particles from modes x, and Ke.
5) Extent of the Collaboration. - 3. Experimental 1) Methods

Figure 1 Publication of the G-Stack collaboration: 36 authors from 10 institutions, illustrating
the new style of European team-work ushered in by Powell.
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bringing representatives of many countries together. At home (though never
explicitly an issue in his University) it was something of a hindrance. Near
the end of his career, when the University of Bristol had come to regard him
as one of its most stable statesmen (most especially after his strenuous,
patient and eminently just contributions to dealing with the University’s
small share of student unrest in 1968), it seemed strange that the University
had passed over its Nobel prizeman in appointing a new head of the Physics
Department in 1954, waiting another ten years for the next opportunity.
It can hardly be doubted that nervousness regarding his political stance
influenced that decision. Powell would have known better himself. He never
allowed political difference to impinge on his loyalty to a colleague, or to the
University, or to colour his judgement of the quality of scientific work.

In 1954, as President of the Association of Scientific Workers, moving a
motion before the Trades Union Congress which called on the
Government to prepare a basis for a conference of the nuclear powers to
secure abolition of atomic and nuclear weapons, and to speed up research
on the development of atomic energy for peaceful purposes, Powell gave a
strikingly plain and factual (and consequently shocking) exposition of the
nature of these weapons, with perhaps too rosy a view of the other side of the
picture (looking forward to climate control). In an address to the London
Co-operative Society, on the same theme, ‘The hydrogen bomb and the
future of mankind’, 26 February 1955, he said: ‘We are in a situation of
great difficulty and danger in which it is very important to create a serious
and informed body of public opinion, all over the world, in favour of an
early negotiated settlement between the powers. Such a body of public
opinion must, ifit is to be effective, embrace people with conflicting opinions
on almost all other issues, but who can be united on this.” His political
position from then onwards is expressed in that final sentence.

A broadcast by Bertrand Russell on 23 December 1954 was devoted to
alerting the public to the implications of the hydrogen bomb. At the same
time the World Federation of Scientific Workers, especially its President,
F. Joliot-Curie, was pressing for a declaration on the matter by a group of
eminent scientists, to be followed by a conference. Powell at the time was
a Vice-President of the W.F.S.W., becoming Chairman of its Executive
Council in 1955 and President in 1957. Russell was in favour of a statement
signed by individual scientists of repute, without reference to any organiza-
tion. The outcome was the Russell—Einstein manifesto of 9 July 1955, of
which Powell was one of the eleven signatories. In its opening words this
called for scientists to ‘assemble in conference to appraise the perils that have
arisen as a result of the development of weapons of mass destruction’. The
Prime Minister of India, Jawaharlal Nehru, had also called for such a
conference in 1954, and as a result of talks between him and Powell on a
visit to India early in 1956, invitations were sent out for a conference to take
place in New Delhi in January 1957. This was frustrated by lack of funds
and by the Suez crisis. In the end, by the generosity of Mr Cyrus Eaton,
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the intended conference took place at Pugwash, Nova Scotia, 7 to 10 July
1957. Russell’s age prevented his attendance, and Powell presided at the
plenary sessions in his stead. The three principal topics: (1) The hazards
arising from the use of atomic energy in peace and war, (2) problems of the
control of nuclear weapons, and (3) the social responsibility of scientists,
define the principal areas of the subsequent series of conferences under the
various names of Pugwash, COSWA, or Pugwash-COSWA (‘Conferences
on Science and World Affairs’). The first conference established an executive,
the Pugwash Continuing Committee, with Russell as Chairman, but
frequently absent, Powell in fact, as Deputy Chairman, always taking the
Chair. He was elected Chairman in 1967. He also regularly took the Chair
at the final and most difficult Plenary Session of each Pugwash Conference,
at which statements were agreed upon. Rotblat, the Secretary, records that
‘during the whole period when Powell chaired the meetings ofthe Continuing
Committee there has never been any need to take a vote, even though the
Committee discussed very complex issues’ (and, one may add, even though
the Committee was, by design, composed of representatives of nations in
conflict with each other). Powell’s gift of keeping people with seemingly
irreconcilable views working together enabled the Pugwash conferences to
fulfil the valuable function of defining areas of agreed fact as a background
to the distressingly slow progress of international negotiations.

Powell had established his position as a leader of European Science in
directing the high altitude balloon flights in Sardinia, 1952, the Po valley,
1954, 1955, 1957, and in Southern ltaly, 1961.

Powell became Chairman of the Science Policy Committee of CERN
from 1961 to 1963. Victor F. Weisskopf, who was Director of CERN at
the time, writes: ‘As Chairman of that Committee, and later as a member of
it, he was most helpful in establishing the long-range development which was
accepted by the Council at the end of my period of service. You may
remember that this development included the following three important
items: (1) the construction of a giant bubble chamber; (2) an improvement
programme to increase the usefulness and the flexibility of the proton
cyclotron; and, finally (3) as the most important item the construction of
intersecting storage rings. Cecil always had a long perspective in mind, and
he always emphasized the fact the European physics needed a long-range
programme of fundamental physics which moved toward new methods and
new discoveries of an unconventional kind. This was why he was such a
strong supporter of the storage rings.

‘But there is much more to Cecil’s contribution. The task which we had
in the early ’60s was the creation of a European spirit of scientific daring
and of venture, a spirit of scientific leadership of the type that Europe had
had in the "20s. It was the purpose of CERN to provide this spirit
and—most importantly—to provide it on an international or, let me say,
supra-national basis. | believe we succeeded in doing so but it would have
been impossible to have done so without Cecil’s vision; his unquestionable
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leadership both in conceiving of these aims and in formulating them. We
all know that there is nobody, and there will be nobody for a long time,
who is able to formulate the aims of science and the role of science in society,
and the role of science in bringing nations together, such as was Cecil Powell.
One should not underestimate the impact of a good formulation of aims.
It was essential and we could not have done this without him.’

It is well said: but we have left out the poetry, and the fun, and his
chuckle.

We are much indebted for information supplied by Professor E. H. S.
Burhop, F.R.S., Professor M. Delbriick, Professor H. Frohlich, F.R.S.,
Professor W. H. Heitler, F.R.S., Mr R. L. Mercer, Professor J. Rotblat,
C.B.E., and Professor V. Weisskopf, for which we record our grateful thanks.

The photograph is by Derek Balmer.
F. C. Frank

D. H. Perkins

APPENDIX

EARLY HISTORY OF G. F. POWELL’S CONTRIBUTION TO THE STUDY OF NUCLEAR
PROCESSES BY THE PHOTOGRAPHIC METHOD

by Professor A. M. Tyndarni, F.R.S.

(From a rough MSS. found on Tyndall’s desk at his death on 28 October
1961, together with an undated covering letter to the Executive Secretary of
the Royal Society reading ‘It is probable that by the time an obituary
of C. F. Powell is required no one will be living who watched from the
beginning, as | did, the work which led to his Nobel Prize. Many months
ago | offered to supply an account, which might be of interest to his
biographer. Here it is’))

Powell first came to Bristol as my research assistant in 1928, and I quickly
learned the value of his experimental ingenuity and manipulative skill.
After a few years in that post he struck out in new fields of his own, and
about 1935 he took part in departmental discussions on the possibility that
our laboratory might enter the nuclear field by acquiring some form of
generator.

H. W. B. Skinner and W. R. Harper independently made some preliminary

36
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tests on ideas of their own, but Powell set out with departmental help to
build a Cockcroft generator on the top floor of the Wills Laboratory tower
(the Fourth Floor as it became to be known).

While the generator was being built, his attention was drawn to a letter
in Nature by Blau & Wambacher (1937) giving an illustration of a track of a
cosmic ray which they found in an emulsion exposed to radiation in its light-
tight wrapping, if I remember rightly, on the Jungfrau. It happened that
when the generator was completed, the Wilson Chamber that he was also
constructing to use with it was not ready. So, while he waited, he tested his
proton beam by placing tangentially in it a photographic plate taken from
a box for making lantern slides, bought across the counter of a dealer. He
was so pleased with the result that he immediately set out to test its quantita-
tive value by studying reactions which had already been investigated by
counters, such as the distribution in range of protons produced from a boron
target placed in a beam of deuterons. By adjusting the range scale and origin
of the graphs from the two methods so that the main peak in each coincided,
exceedingly satisfactory agreement was reached.

Now all through this phase of the work he was completely unaware of the
long history of literature of tracks of particles in photographic emulsion—
as, indeed, | was. Whereas English nuclear physicists of longer experience
had already accepted as final the results of Taylor, published in 1935 with
all the authority of the Cavendish Laboratory, that the photographic method
was not suitable for quantitative work. Indeed, in two laboratories | was
told that Powell was wasting his time for this reason. But by then Powell
was completely convinced that they were wrong.

The reasons that he gave for this optimism convinced me:

(1) That the best microscopic technique was essential. It was rare for
a Physics Department to possess a really good microscope. He had never
seen one in the Cavendish;

(2) There was no evidence in the literature that proper attention had
been paid to precision geometry or steps taken to control the processing
of the photographic plate so that it was uniform throughout the depth of
the emulsion; and so that distortion due to shrinkage was reduced to a
minimum when the free silver was removed,;

(3) The photographic plates had been designed for other purposes.
Approach should therefore be made to the makers to induce them to
produce special emulsions richer in silver content and thicker in depth.
All these points were attended to in Bristol and the Wilson Chamber

in course of construction was never even completed. The best Leitz micro-
scope was bought, slow and temperature controlled development was
introduced and Messrs Ilford were approached about special plates. But the
first trials on new emulsions shortly before the 1939 war were not successful,
and Powell had to wait until 1945 before IlIford’s could return to work on the
subject and produce the ‘Nuclear Research’ emulsions with which the
7T-meson was discovered.



Downloaded from https://royal societypublishing.org/ on 06 January 2022

Cecil Frank Powell 557

With these new emulsions available after the war, the ‘Fourth Floor’ of
the Wills Laboratory became an exciting place in which to work. Additional
high grade binocular microscopes were purchased; a group of women
'scanners’ were engaged, most of them with no scientific knowledge, and just
trained to scan the plates and record everything they saw, together with the
position of the event. They were soon to be referred to as ‘Cecil’s beauty
chorus’.

In plates exposed to cosmic rays on high mountains, thousands of nuclear
events were there to study. Rarely during an almost daily visit did | fail to
see something interesting; first a proton proton collision or a proton heavy
atom recoil through very large angle; or a disintegration star of novel type;
then a meson track (since named /x-meson) as at least a daily event, at a
time when not more than half-a-dozen had been detected in the world by
other means.

Occhialini, who joined the Laboratory in 1945 added to the ease of
viewing by setting up a projection microscope in which the stage traversed
slowly horizontally and oscillated also vertically to follow tracks which
dipped into the emulsion. Occhialini, enthusiastic, vivid and picturesque,
called this instrument a Telepanto: ‘Tele, | see; Panto, everything.” Here
visitors could sit and run through the whole gamut of nuclear events in the
course of a quarter of an hour.

Up to then, however, the method had not yielded any phenomenon which
was fundamentally new, and outside of the laboratory physicists seemed
inclined to dwell upon its disadvantages—for instance, the inability to use
a magnetic field—rather than the fact that each technique had a field of its
own in which it was superior.

Then came the climax and excitement of the discovery of the 77-meson
and its verification a few days later. This firmly established the method,
and visitors swarmed to the Laboratory to learn more about it.

Finally the production of electron sensitive plates first by Kodak and then
by lIford disclosed the full reaction 77—/x—e and led the way to the discovery
of other fundamental particles, and today (1961) to the successful search for
cosmic particles of enormous energy.

Future historians in assessing Powell’s contribution to physics will
probably think of him primarily as the discoverer of the 77-meson: whereas
I would lay the emphasis on his experimental insight and manipulative
skill in creating the emulsion technique which others had failed to do with
originally the same material. It was he who overcame the difficulties in
making it a quantitative tool. Once this was done, who it was that discovered
something new was purely a matter of chance. Indeed many of the rare
events, including the 77-meson itself, were first observed by a scanner with
no scientific training reporting a track of appearance different from anything
she had previously seen.

But should Powell have read the literature before embarking on this work ?
And, if so, would he ever have started it?
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Conditions du progres scientifique dans les grands laboratoires. Lecture to the
Association Frederic et Irene Joliot-Curie at Orsay Laboratory, 21 May 196(). Les
Sciences, pp. 9-16.

The development of the photographic method of recording tracks of nuclear
particles. Austral. J%i. 23, 105-108.

Development of the photographic method of recording tracks of nuclear particles.
Research & Discovery, Modern World Series, pp. 66-74. London: H.M.S.O.

Introductory Talk by Chairman to the Last Session. Journal of the Physical Society
ofJapan, 1962, 17, A, Proc. Int. Conf. on Cosmic Rays and the Earth Storm. Kyoto,
3, 457-458.

Summary Talk ofJet Sessions. Ibid. pp. 492-495.

Lecture on Future Prospect. Ibid. pp. 534-536.

Closing Address. Ibid. p. 538.

(With N. F. Mott.) Arthur Mannering Tyndall: Biogr. Mem. FellowsR. Soc. Lond. 8,
159-165.

(With P. H. Fowler & D. H. Perkins.) The study of elementary particles by the
photographic method. London: Pergamon Press, 1959; Russian translation 1962.
Higher scientific and technological education. (Concluding speech at a symposium

on this topic. Moscow 9-13 September 1962.) World, 6, 2-6.

Postscript to Pugwash. The Listener, 21 February, pp. 327-328.

Obituary for Professor S. H. Piper. Nature, Lond. 198, 1249-1250.

Obituary for Academician A. V. Topchiev. Disarmament and arms control, no. 1
London: Pergamon Press.

Statement at Special Assembly of Food and Agricultural Organization of the
United Nations at Rome. Man’s right to freedom from hunger, U.N. report,
F.A.O., printed in Italy.

Approaches to atomic physics: review of Elementary Particles—the Vanuxem
Lectures by Dr Chen Ning Yang, Nature, Lond. 199, 1122-1123.

Foreword to a Discussion on recent European contributions to the development of
the physics of elementary particles at the Royal Society, February 1963, organized
by C. F. Powell. Proc. R. Soc. Lond. A, 278, 288-290.

The place of experiments with photographic emulsions in the physics of elementary
particles. Address at Congres International de Physique Nucleaire en hommage a
Blaise Pascal a Clermont-Ferrand, June 1962, Sci. Annals Clermont, 2,
V-VIII, pp. 1-4.

Nuclear weapons and the Federation (editorial). Sci. WId Lond. 8, 1

The Enlightened Supporter of Science. Tribute to the memory of Mr Nehru.

Science Reporter ( New Blehru Commemoration number, 1, nos. 7-8, |

Science and technology in developing countries. Report on Working Group IV
of Pugwash Conference at Udaipur, India, January 1964. Pugwash Newsletter, 1,
no. 4 and Prcc. 12th Pugwash Conf. on Science & World Affairs, pp. 30-43.

Priorities in science and technology in developing countries. Speech at Pugwash
Conference, Udaipur, India, January 1964. Proc. 12th Pugwash Conf pp. 89-113;
also The science of science, Bernal centenary volume, pp. 71-92, Souvenir Press and
Scient. WId Lond. 8, no. 3, pp. 3-12.

Why should we study high-energy nuclear physics ? Address to the British Associa-
tion for the Advancement of Science at Southampton, September 1964. Nature,
Lond. 204, 421-425 (slightly abridged.)
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Warum sollen wir Grundlagenforschung in Hochenergiephysik betreiben? (trans-
lation of above). Schule und Nation, 11, 15-19.

Speech to the Council of CERN, The European organization for Nuclear
Research, June 1964. CERN Int.RHCEN p 553.
The role of pure science in European civilization. Speech at a meeting of the
Council of CERN with Ministers and Representatives of the Contributory
States at Geneva, October 1964. CERN Publ. CERN/PIO/hw. and Sclent.

WId. Loud. IX, no. 3, pp. 4-8 (1965). Also published in CERN Courier (supple-

ment); ScienceReporter, 1965, 2, 150-155; Nucleus, 1965, 6, 232-236; Physics T

1965, 18, 56-64; Impulse Quarterly, 1965, 26, 2-6; Review, 1965, 257-262 (in
English, French and German editions); Etudes et Documents du CNBOS (Comite
National Beige de L’Organization Scientifique), 1965, no. 242, 3-12 (in French).

El Papel de la Ciencia Basica en la Civilizacion Europea (Spanish translation of
above). Arbor, 59, 29-41.

Principles governing the scale of support for science in advanced countries and the
relative claims of different disciplines. Proc. 13th Pugwash on Science and World
Affairs at Karlovy Vary, Czechoslovakia, September, pp. 265-271.

Problems of population control. Ibid. p. 272.

(With P. Biquard.) Vietnam. (World Federation of Scientific Workers Press
Statement, 6 April 1964). Sci. WId Lond. 9, no. 3, p. 3.

Why we study high-energy nuclear physics. Address to Section A of the British
Association for the Advancement of Science, September 1964. Adv. Sci.21,514-521.

World peace and the dissemination of nuclear weapons. Report of 13th Pugwash
Conf. at Karlovy Vary, Czechoslovakia. Sclent. WIid. Lond. 9, 3.

(With A. Saram.) Discussion on Leptonic Interactions (organized by Powell and.
Salam at the Royal Society, February 1964). Proc. R. Soc. Lond. A, 285, 175-262.

Homi Bhabha—a man of the Renaissance. Science Reporter ( Delhi), 3, 437-439.

Priorities in science and technology in developing nations. The Science of Science
(Bernal Commemoration vol. 1964, republished as Pelican 1966, pp. 85-113).

The role of pure science in civilization. Science and Humanity Year Book, Moscow.
1966, reproduced in Pravda. Physical Review, Budapest, 16, 243-247.

4 wenty Years. Scient. WId. Lond. (Journal of World Federation of Scientific Workers)
Anniversary Number, pp. 1-2.

Twenty 5ears of the World Federation of Scientific Workers. Scient. WId. Lond.
11, 5-8.

Introduction to the Royal Society Discussion on Neutrinos organized by C. F.
Powell and G. D. Rochester, November. Proc. R. Soc. Lond. A, 301, 140.

Promise and problems of modern science. Closing address at the Symposium on
Nuclear Physics, Elementary Particle Physics, Radio Chemistry and Nuclear
Chemistry, Warsaw, September. Nature, Lond. 216, 543-546.

Science, education and the future. Proc. 1967 Chuter Ede Memorial Lecture, National
Union of Teachers.

The creative power of human thought. Article for Lumea and Scantea (Rumanian
weekly and daily).

The proposed 300 GeV accelerator. H.M. Stationery Office Booklet, Cmnd. 3503,
59-83.

Scientific Responsibility. Conference on Chemical and Biological Warfare, pp. 181-185.
London: G. Harrap & Co. Ltd.

Promise and problems of modern science. World Federation of Scientific Workers
Conference on the Conditions and Possibilities of Scientific Cooperation in
Europe, Vienna 1968. Scient. WId. Lond. 4-5, 40.

The discovery of the 7r-meson. Vest. Akad. Nauk, S.S.S.R. 9, 5-21.

The role of pure science in European civilization. Published in and new problems
in elementary particles. Academic Press.
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(With Sir Rudolf Peieris.)) Pugwash and the World in 1968. Report of the Nice
Pugwash Conference, 1968.

The aims and role of science in our time. (The first Homi Bhabha Memorial
Lecture delivered at the Tata Institute of Fundamental Research, Bombay*
India.) Science Today, January, pp. 29-35.

Article on ‘C. T. R. Wilson5 Fratelli Fabri Editori.

The nature of the primary cosmic radiation. Walter Bothe Memorial Lecture*
Heidelberg, July.

Other References

The origins of the Pugwash movement are dealt with in:

History of the Pugwash Conferences by ProfessorJ. Rotblat, Secretary-General, Pugwash
Continuing Committee, Central Office, 8 Asmara Road, London, N.W.2.

"The Origins of the Pugwash Movement§ E. H. S. Burhop, Sci. WId. Lond. 5, 11-16
(1961).

M. G. K. Menon ‘A Tribute—Cecil Frank Powell5 Science Today, December 1969,
p. 51. (The latter also includes Powell’s own account of his early life which we
have quoted.)

References to all work related to Powell’s which we have cited are to be found in
the book of C. F. Powell, P. H. Fowler & D. H. Perkins: The study of elementary
particles by the photographic method. London: Pergamon Press (1959).

An unpublished (cyclostyled) document entitled 6A history of the Department of
Physics in Bristol, 1876-1948, with personal reminiscences’ by Professor A. M.
Tyndall, F.R.S., August 1956, has been a useful source; there is a copy in the
University of Bristol Library.



