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PREFACE

Professor Dai Chuanzeng (Chuan-Tsen Tai) was a famous Chinese nuclear physicist, re-
actor physicist, expert in reactor engineering and nuclear safety, and a member of the Chi-
nese Academy of Sciences.

Prof. Dai was born in an intellectual family in Ningbo, Zhejiang province, on December
21, 1921. He graduated with excellent marks from the Southwest Associated University in
1942 and became a teaching assistant there. He took the first place in the field of physics in
the national examination for studying abroad at public expense in 1947 and was then sent to
the University of Liverpool in United Kingdom for his PhD study of nuclear physics. The
Nuclear Physics Laboratory of the University of Liverpool was equipped with a cyclotron and
other advanced facilities for nuclear physics research. There he carried out the studies of the
angular distribution of the ejectiles for the Ne and O(d,p) and B,O,C and Be(d,n) reactions
and determined the spins and parities of the nuclear states involved. These experimental
studies were the early exploration of nuclear stripping reactions. He also investigated the
shrinkage factor and range correction of nuclear emulsions. During his dissertation work in
the University of Liverpool he benefited considerably from the Nobel Prize Laureate Prof. J.
Chadwick who discovered the neutrons. He received his PhD degree in 1951. At the end of
the same year he politely declined the invitations to work in United Kingdom and resolutely
returned to China. From then on he devoted himself to the pioneering work with great hard-
ships in new China’s atomic energy science. His deeds fully revealed his profound patriotism.

After returning to China, Prof. Dai worked in the Institute of Modern Physics, Chinese
Academy of Sciences, the predecessor of the present China Institute of Atomic Energy. He
led a pioneering work on the gas detectors in the early days of China’s atomic energy science.
Though the laboratory conditions were very poor, he and his crew endured great difficulties
and developed the China’s first halogen-quenched Geiger-Muller counter. During the period
of the War to Resist U. S. Aggression and Aid Korea I entrusted him to prepare some nucle-
ar detectors to meet the urgent demands. He thereby manufactured the high current Geiger-
Muller counters and portable radiation monitoring instruments. His research on the halogen-
quenched Geiger-Muller counters and the high current Geiger-Muller counters and their dis-
charging mechanism filled the gaps in the field of nuclear detection techniques in China and
caught up to the world advanced level of that time, for which Prof. Dai and his crew won the
third-class Natural Science Prize of the Chinese Academy of Sciences in 1956. In order to de-
velop neutron detection techniques in China he prepared a radon-beryllium neutron source by
putting the beryllium powder brought back from United Kingdom into a glass tube which
was then filled with the radon gas éxtracted from a 500 mg radium source in Peking Union
Medical College Hospital. This neutron source was successfully used for neutron physics re-
search and for testing boron fluoride neutron counters. These different kinds of counters
mentioned above were put soon into mass production, and provided a fundamental and pow-

N



erful tool for geological exploration, education and training, neutron physics experiments as
well as nuclear radiation monitoring materiel for the army of chemical defence and nuclear ex-
plosion tests in China.

Under his guidance a number of pioneering researches on the air-equivalent ionization
chamber, the boron foil ionization chamber and fission ionization chamber, the grid ioniza-
tion chamber, the beta-gamma coincidence technique for absolute counting and the absolute
measurement of neutron source strengths were performed and many young scientists were
trained.

To conduct the research of slow neutron spectroscopy and solid state physics on the
heavy water research reactor the first neutron single crystal spectrometer and the first negy-
tron diffractometer in China were designed and manufactured in his charge from 1956 to
1960, which reached the world advanced level at that time and worked successfully for more
than 20 years. The reactor neutron spectra, total neutron cross sections and fission cross
sections were measured and the neutron diffraction studies were carried out by making use of
them. These two facilities have made great contributions to the research of nuclear physics
and solid state physics in China.

Prof. Dai organized and led a research group of radiation shielding physics in 1958. An
advanced large area fission neutron source shielded by the water tanks for measuring macro-
scopic neutron cross sections was established at the heavy water research reactor, with which
the attenuation of fast fission neutrons passing through different combinations of iron, lead
and water and the shielding simulation of the active area of nuclear power reactor were inves-
tigated. He led the early experiments and the experimental project for investigating the gam-
ma ray shadow shielding effect in water, These experiments generated the reliable data for
the shielding design of nuclear power reactors.

Prof. Dai was assigned to be the head of the Stable Isotope Separation Laboratory in
early 1960’s. The ion source and isotope collector, which are the two key parts of a large-
scale electromagnetic isotope separator, were successfully developed under his leadership.
He supervised the determination of the abundance of deuterium and lithium isotopes, which
yielded the important and reliable data for nuclear weapons.

Nominated by the Second Ministry of Machine Building in 1961, Prof. Dai held a con-
current post of the scientific advisor on the production reactor design, which offered him an
opportunity to show his brilliant talent in the field of reactor engineering and paved his way
to a well-known reactor expert in China. He took a post of Vice Director of Beijing Institute
of Reactor Engineering in 1965. He vigorously organized scientific staffs and workers to fulfil
various tasks of reactor engineering for production reactors, nuclear power reactors, high
flux reactors and heavy water power reactors, and he supervised safe operation of the swim-
ming pool reactor and several zero-energy reactors in the Institute.

Prof. Dai personally studied the production reactor technology and took part in deter-
mining technological parameters of the selected materials. He organized and directed the re-
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search and development of the high flux reactor, including hydraulic simulation, technologi-
cal testing of controlling rods, fuel element performances, materials and corrosion problems.
He arranged and conducted the in-pile proving test of the fuel elements of the nuclear power
reactor, He led the design and construction of the China’s first hot laboratory for the post-ir-
radiation examination of materials. He made preparations for the investigating and designing
of the fast reactor, TRIGA reactor and space nuclear reactor power system in 1970’s. He
guided the construction of the China’s first zero-energy fast reactor, which has played an im-
portant role in the beginning of China’s fast reactor development. He also attached great im-
portance to the training of young scientists and competent persons in his scientific and tech-
nological activities.

I invited him to work in China Institute of Atomic Energy in 1978. He served as Vice-
President and President of the Institute, and from 1985 he became the Honorary President of
the Institute. He paid great attention to the development and applications of nuclear energy
and nuclear techniques. He put forward a proposal to develop neutron transmutation doping
of single crystal silicon in 1979 after his visit to the United States of America. He worked out
a detailed program for the neutron transmutation doping in the Institute and directed the re-
construction of the swimming pool research reactor to increase neutron flux for it, which en-
larged the reactor active core and replaced the graphite reflector by the beryllium one. He ar-
ranged to tackle the key problems such as the irradiation neutron fluence, temperature and
homogeneity and the post-annealing. Under his leadership the first batch of neutron-trans-
mutation-doped single crystal silicon was produced in China. Moreover, he then directed the
design and construction of the miniature neutron source reactor and its applications. He de-
cided its physical plan as well as checked and approved the preliminary design and the con-
struction design. He came to the site and gave his instructions during the construction. He
did a lot for the miniature neutron source reactor, which made it possible for the China’s first
miniature neutron source reactor to be established in a short time. The neutron transmuta-
tion doping of single crystal silicon and the miniature neutron source reactor have been two of
the pillars of the Institute in civilian applications. The latter was awarded the first-class
prize of National Science and Technology Progress and has made an important contribution to
the exporf. Both social and economic benefits have been gained from these two items.

After analyzing the national economy development and the energy structure, Prof. Dai
actively advocated and gave impetus to the development of nuclear power in China. He initi-
ated the nuclear power safety study in China in late 1970’s. Facts of the China’s nuclear
power development have proved that this is a correct decision. Meanwhile, he did his best to
open up the way of international co-operation in nuclear power safety studies and to train
qualified scientists and technicians. The China National Nuclear Safety Expert Committee
got Prof. Dai to act as Vice-Chairman. The International Atomic Energy Agency invited him
to be a member of the International Nuclear Safety Advisory Committee. He took part in in-
vestigating the Chernobyl accident of the former Soviet Union and formulating the basic safe-
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ty principles of nuclear power plants. In the meantime, he carried out the study of severe ac-
cident analysis of reactors. In close connection with the safety of the China’s first nuclear
power plant—— Qinshan Nuclear Power Plant he conducted the investigation of accident
analysis and put forward a lot of important proposals for the design, operation, and accident
prevention and disposal of Qinshan Nuclear Power Plant. He trained a number of MA and
PhD graduate students in this field. As proposed by him, the China’s Nyclear Power Soft-
ware Center was set up in the Institute to meet the needs in China’s nuclear power develop-
ment.

Prof. Dai followed with great interest the development of fast reactor in China. He con-
cerned himself with the progress of the fast reactor design and made important suggestions.
He was very gratified with the establishment of the China’s Fast Reactor Research Center in
the Institute.

Prof. Dai was a member of the 6th and 7th Chinese People’s Political Consultative Con-
ference and served as a member of the Commission on Academic Degree of the State Council.
He was elected a member of the 1st and 2nd Standing Council of Chinese Nuclear Society and
Vice-President of Nuclear Power Society. He took a post of the co-editor in chief of the Jour-
nal of Nuclear Science and Engineering for a long time. He was also an honorary member of
the Council of Chinese Metrology Society. He made great contributions to the promotion and
development of domestic and international academic exchanges at his posts.

My long-time contacts with him made me deeply feel his comprehensive knowledge and
great scientific attainments in experimental nuclear physics, reactor physics, reactor engi-
neering and nuclear power safety, his patriotism and enthusiasm, his lofty dedication to his
work and the state needs, his fine qualities of being active in science, rigorous in scientific
approach and ardent in training competent persons and easy to work along with people, being
open and aboveboard, honest and straightforward and selfless and fearless, firmly holding to
the truth, performing his office duties honestly and leading a plain living,.

As a token of our deep grief, we now publish the selection of his scientific treatises to
commemorate Prof. Dai Chuanzeng who devoted all his life and made tremendous contribu-
tions to China’s nuclear science and also to enlighten people on hardships encountered in de-
veloping nuclear science in China.

His utter devotion to China’s nuclear science, selfless spirit and rigorous scholarship live
for ever.

Wang Ganchang
May 5, 1995
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Shrinkage of Photographic Emulsions for Nuclear Research

J. Rotblat and C. T. Tai

The photographic emulsions used for the recording of ionizing particles contain a very
high ratio of silver halide to gelatin. This results in a considerable shrinkage of the emulsion
at processing ,due to the washing out of the silver halide. In order to be able to interpret cor-
rectly events occurring in the emulsion,or to measure accurately the lengths of tracks which
have a large angle of dip,it is important to know the exact relationship between the orienta-
tion of the track in the processed emulsion and the path of the particle while passing through
the plate. This relationship is usually given by the so-called shrinkage factor S,which is the
ratio of the thickness of the emulsion at exposure to that after processing; it can be deter-
mined either directly, by measuring the thicknesses of processed and unprocessed strips of
emulsion,or by observations on tracks of known angle of dip' or known length? The usual
way to correct for shrinkage is to multiply the vertical projection of the track-length by the

_shrinkage factor. This is based on the assumption that the shrinkage affects all tracks in a u-
niform manner; but this is not immediately obvious, owing to the complicated phenomena
which occur at processing. Taking into account that the photographic emulsion technique is
becoming a method of high precision, it was thought worth while to study the shrinkage
problem in greater detail.

First we determined the shrinkage factor,by direct measurement of thicknesses,in vari-
ous types of emulsions with different loadings,concentrations of gelatin,thicknesses,and un-
der different conditions of development, fixing and washing. Our results show that the
shrinkage factor roughly follows,although is always smaller than,the ratio of the total vol-
ume of the emulsion to that of the gelatin. For emulsions of normal composition we found
that Ilford C. 2, E. 1,G. 5 and Kodak NT-1a, NT-2a and NT-4 emulsions give nearly the
same shrinkage factor,namely,S=2.7+0. 2,the limits being extreme values and including
measurements on emulsions from different batches. For lithium-loaded emulsions S may gc')
up to 3. 2,due to the washing out of the lithium sulphate. We have also found that increasing
the strength of the developer,or the time of fixation or washing,increases the shrinkage fac-
tor ;but the changes in S are less than 10 per cent even for wide variations of processing con-
ditions.

Our main aim was to determine whether the shrinkage is uniform throughout the depth
of the emulsion,and whether the same correction can be applied to all angles of dip. For this
purpose we used mainly lithium-loaded emulsions (Iiford C. 2 and E. 1), which we exposed to
a flux of thermal neutrons. In the unprocessed emulsion the H*+a tracks ,resulting form the
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disintegration of lithium,should all have the same total lengths and be orientated at random.
The effect of shrinkage can then be determined in two ways:by observing the angular distri-
bution of the tracks in the emulsion,and by measuring the horizontal and vertical projections .

of the individual tracks.
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In Fig. 1,which shows the result of one series of observations,the number of tracks of a
given angle of dip is plotted against that angle. The full curve is that calculated for a random
distribution, modified by taking into account the directly measured shrinkage factor. The a-

greement is seen to be very good,although the observations at large angles are not very reli-



