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The third fuelling machine head for the Rajasthan Atomic Power Station, built by an
engineering firm of Poona with the assistance of the Department of Atomic Energy. The first
two heads were fabricated at the Bhabha Atomic Research Centre. Trombay.
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Atomic Energy Establishments in India
The BHABHA ATOMIC RESEARCH CENTRE, Trombay, which was set
up as the Atomic Energy Establishment in 1957 and renamed in 1967,
is the national centre for research and development work in nuclear energy
and related disciplines. Its facilities include four research reactors, namely,
CIRUS (40 M W ) , Apsara (1 M W ) , ZERLINA (a zero energy thermal
reactor) and PURNIMA ( a zero energyfast reactor), a 5.5 MeV Van de
Graaff accelerator, a H-400 computer, a BESM-6 computer, and various
special laboratories. It also has a uranium metal plant, a fuel element
fabrication plant, a plutonium plant etc.
The REACTOR RESEARCH CENTRE is being set up at Kalpakkam, Tamil
Nadu, adjacent to the Madras Atomic Power Station. The most important
facility in this Centre will be the Fast Breeder Test Reactor which will
provide experience in the design, construction and operation of a plutoniumfuelled, sodium-cooled fast reactor. It will also serve as an irradiation
facility which is essential for developing fuel for the large fast breeder
reactors of the future. The other facilities at the Reactor Research Centre
will help in the construction and operation of the Fast Breeder Test Reactor
and use of the test reactor for studies in connection with future fast breeders.
The GAURIBIDANUR SEISMIC STATION (of the Bhabha Atomic Research Centre), 80 kilometres north of Bangalore, was set up towards
the end of 1965 in collaboration with the U. K. Atomic Energy Authority.
It has an array of 20 short-period seismographs and 3 long-period seismographs deployed over an area of 25 km x 25 km. It helps in the detection
and identification of underground nuclear explosions and also facilitates
seismic research.
The NANGAL HEAVY WATER PLANT in the Punjab, operated in conjunction with the Nangal Plant of the Fertilizer Corporation of India, was
commissioned in August 1962. It has an annual capacity of about 14
tonnes.
The KOTA PLANT being built by the Department of Atomic Energy next
to the Rajasthan Atomic Power Station will produce about 100 tonnes of
heavy water a year. The plant is based on thé know-how generated by
BARC.
The BARODA PLANT based on the ammonia hydrogen exchange process
developed by a French consortium, is linked to the synthesis gas stream
of the Fertilizer Plant at Baroda of the Gujarat Fertilizer Corporation. Its
capacity is 6 7 . 2 tonnes a year.
The TUTICORIN PLANT will be similar to the Baroda Plant and will be
linked to the fertilizer plant of the Sputhern Petrochemical industries
Corporation. Its capacity will be 7 1 . 3 tonnes per year.
The TALC H ER PLANT, equipment and know-how for which are being
obtained from a West German firm, will use-the synthesis gas stream of

the Ammonia Plant being set up at Talcher by the Fertilizer Corporation
of India. It will produce 62.7 tonnes of heavy water a year.
The NUCLEAR FUEL COMPLEX in Hyderabad which is designed to meet
the fuel requirements of nuclear power reactors consists of the following :
1. Zirconium Oxide Plant. 2. Zirconium Sponge Plant. 3. Zircaloy Fabrication Plant. 4. Uranium Oxide Plant. 5. Ceramic Fuel Fabrication Plant.
6. Enriched Uranium Oxide Plant. 7. Enriched Fuel Fabrication Plant.
8. Special Materials Plant. Two more plants—a Seamless Tubes Plant and
a Titanium Pilot Plant—are also being set up in the Complex.
The POWER REACTOR FUEL REPROCESSING PLANT, Tarapur, which
is nearing completion, is being built by the Bhabha Atomic Research
Centre. This plant will process the irradiated fuel from the Tarapur'and
the Rajasthan Atomic Power Station reactors.
The VARIABLE ENERGY CYCLOTRON has been set up at Bidhan Nagar,
Calcutta, by the Bhabha Atomic Research Centre. It will be a national
facility for advanced work in nuclear physics and for the controlled direct
irradiation of biological and agricultural products.
The HIGH ALTITUDE RESEARCH LABORATORY, Gulmarg, which was set
up by the Department of Atomic Energy in 1963, provides facilities for high
altitude research to all scientific institutions and universities in the country.
The ATOMIC MINERALS DIVISION is responsible for surveying, prospecting and exploratory development of atomic minerals required for the
atomic energy programme. It carries out various types of surveys such as
airborne, jeep, ground and offshore submarine surveys. These field activities
are supported by well-equipped petrology, minerals technology, chemistry
and physics laboratories which not only provide the necessary aid by way
of study and analysis of samples but also are responsible for the development of new instrumentation and methods.
The TARAPUR ATOMIC POWER STATION, 100 kilometres north of
Bombay is the first atomic power station in India. It has two Boiling
Water type reactors fuelled by enriched uranium with a total output of
400 MWe of electricity which is supplied to the States of Maharashtra
and Gujarat.
The POWER PROJECTS ENGINEERING DIVISION undertakes thej/tesign'
construction and commissioning of nuclear power plants. It is ^presently
engaged in building the second unit of the Rajasthan Atomic Power Project,
and the Madras Atomic Power Project. It has also taken up ,work* on the
fourth atomic power station at Narora.
The RAJASTHAN ATOMIC POWER STATION at Rana Pratap Sagar in
the State of Rajasthan is under construction. It has two natural uraniumfuelled and heavy water moderated Candu-type reactors (one already
operative) with a total net output of 400 MWe of electricity;

The MADRAS ATOMIC POWER STATION, about 80 kilometres south of
Madras, will have two Candu-type reactors similar to the Rsjasthan reactors.
It will be indigenous to the extent of about 80 per cent. There is no foreign
collaboration in its construction.
The NARORA ATOMIC POWER STATION, U.P., will consist of two units
of 220 MWe each of a modified design.
The INDIAN RARE EARTHS LTD., a^Governmenfof India^company functioning since 1950, operates the mineral sands industry in Manavalakurichi
and Chavara, and the rare earthsindustry at Alwaye. it also produces thorium
products at Trombay on behalf of the Government.
The ELECTRONICS CORPORATION OF INDIA LTD., Hyderabad, was
formed in April 1967 and gradually took over the work of the Electronics
Production Unit of the Bhabha Atomic Research Centre. It produces on a
commercial scale a large variety of nuclear instruments, control equipment,
electronics components etc. developed by the Bhabha Atomic Research
Centre and the Tata Institute of Fundamental Research.
The URANIUM CORPORATION OF INDIA LTD., Jaduguda, was formed
in October 1967. It is responsible for the development of the Uranium Mine
and operation of the Uranium Mill at Jaduguda.
The TATA INSTITUTE OF FUNDAMENTAL RESEARCH, Bombay, was
founded in June 1945. It is the national centre for Nuclear Science and
Mathematics. It has two schools: the School of Mathematics and the
School of Physics (Experimental Physics, Theoretical Physics, Astrophysics,
Geophysics, Computer Science, Molecular Biology and Radio Astronomy).
Its special facilities include a National Computation Centre (with a CDC
3600-160A computer system), a Balloon Fabrication and Flying Facility
(at Hyderabad), Tritium Laboratory for Mydrological studies, an Electron
Microscope, a 1 MeV Cascade Generator, a 3.5 MeV Electron Linear Accelerator, X-ray Units, an Electromagnetic Mass Separator and Liquid Nitrogen
and Liquid Helium Plants.
The TATA MEMORIAL CENTRE, Bombay, comprises twojinstitutions :
The Tata Memorial Hospital and the Cancer Research institute. In addition
to being one of the foremost cance/,' treatment centres in the country, it
also conducts extensive research on cancer.
The SAHA INSTITUTE OF NUCLEAR PHYSICS, Calcutta, was formally
opened in June 1950. Its fields of research include: electron microscopy,
EPR spectroscopy, mass spectrome'try, microwave absorption spectroscopy,
molecular biology, NMR spectroscopy, NQR spectroscopy, nuclear
activation, nuclear reactions, nuclear spectroscopy, radiochemistry, solid
state physics, structural crystallography, technical physics and theoretical
nuclear physics.

General Survey
Th« year witnessed further augmentation of R & D facilities and strengthening of the technological base of the nuclear programme. In the area
of research and development, three new facilities are presently under
construction. An important one is the Variable Energy Cyclotron at Calcutta
which is to be commissioned soon. The Fast Breeder Test Reactor coming
up at the Reactor Research Centre, Kalpakkam constitutes a base for
work on breeder reactor technology and is another major research unit
in the programme. The third research facility in hand is the 100 MW
research reactor being built at th.t Bhabha Atomic Research Centre, Trombay.
Among other significant R & D activities at the Bhabha Atomic Research
Centre are the magneto-hydrodynamics (MHD) power generation project,
work on high power pulsed lasers, instrumentation, and radioisotopes. In
the M H D power generation project, basic design of crucial sub-systems
like the magnet, control systems and generator for the proposed MHO
experimental plant are almost complete. In -the laser development project,
work on two types of high power pulsed Iqsers, namely neodymium
glass and CO2 is in progress. BARC's studies on the préparation and
application of transuranium elements have resulted in the preparation of
small quantities of plutonium-238, americium-241 and curium-242 in pure
form. A method has also been standardised for the fabrication of strong
(100 mCi range) 24l Am sources.
A major work undertaken by BARC relates to the Dehradun Communication
Satellite Tracking Station Antenna Drive. The precision servo system for
the 30 metre cassegranian antenna of the Earth Station for automatic
tracking of the INTELSAT TV communication satellite was fabricated at
BARC.
Radioisotopes
The isotope programme registered further growth, f SOM ED is gaining
popularity as a radiation sterilisation service for medical products.
Among the important developments in the programme is a ready-to-use
radiation sterilised surgical kit for vasectomy and tubectomy operations
which promises to eliminate risks of infection, and also speed-up camp
surgery. The kit is already proving popular in the family planning campaign.
Another significant achievement is the production of radiopharmaceùtical
kits for the early diagnosis and management of diabetes. AroundI 70,000
investigations of patients were carried out in the country during 1975 with
radiopharmaceuticals supplied by BARC. BARC has also processed and
supplied over 40,000 curies of cobalt-60 for use in 11; teletnerapy^units
in the country. An important breakthrough has been the chemical industry's
acceptance of two of the major radiation processes developed at BARC ;
orders'worth Rs. 20 läkhs have been placed with BARC fqr the installation

of two panoramic batch irradiators housing 100,000 curies of cobalt-60.
These units, being set up at Faridabad (Haryana) and Cannanors (Kerala),
are for enabling scale-up studies for radiation polymerisation of trioxane,
and the production of radiation processed wood polymer composites.
The sale of radioisotopes and radiation services continued to show an
upward trend. The sale value of radioisotopes, equipment and services
during the year totalled around Rs. 70 lakhs. In all, 33,000 radioisotope
consignments were despatched during this period, including 28,000
consignments for medical use and more than 3,000 consignments for
industrial applications. The export component of this sale is about
Rs. 2 lakhs.
During the year, BARC's country-wide personnel monitoring service
for evaluating radiation exposures covered around 38,000 radiation workers
in 2,106 institutions against 35,000 radiation workers in 1,975 institutions
in 1974-75.

Biology and Agriculture
Three
tested
3,890
3,500
better

more strains of groundnut (TG-I7, 18 and 19) were isolated and
in Maharashtra, Gujarat and Saurashtra. TG-17 yielded 2,874 to
kg/ha. TG-18 and 19 have kernels bigger than TG-1 and gave
kg/ha in Gujarat. The shelling percentage of TG-18 and TG-19 is
than TG-1.

Three derivatives of rice, from the cross IR 8 x TR 5 viz. TR-17, 18 and
21, which were earlier found to be resistant to seedling and sheath blight
and tungro virus diseases in the National Screening Nursery (NSN) of
the All India Coordinated Rice Improvement Project (AlCRIP), have been
included in the Preliminary Yield Trial 2 and are being tested at 16 locations.
Four more derivatives from the same cross have beeri entered in the NSN
trials.
TR mutants, from TR-17 to 25, were also tested at Vadgaon under the
auspices of the Mahatma Pule Krishi Vidyapeeth. The yield of some of
the cultures, especially TR-17 and 18. was 40 per cent more than those
of the improved varieties Satya and Son;i.
One late mutant (TR-26), which was earlier tested at the Central Rice
Research Institute (CRRI), Cuttack, and found to be resistant to blast, wilt
and gall-midge diseases under field conditions, has now been included
in the Uniform Variety Trial 3, of AlCRIP and is being tested at 19 locations.
The high protein wheat mutant 'erectoid' developed from var Kalyan Sena
has shown about 1\ times more grain yield in comparison to those of
Sonalika and HD 2009. This has been reported by the Wheat Research
Coordination Centre, New Delhi. The mutant shows about 2 per cent
points protein over Kalyan Soha.
•

Nuclear Medicine
The Radiation Medicine Centre (RMC) of BARC continues to be a Regional
Reference Centre of the World Health Organisation, in collaboration with
the International Atomic Energy Agency, for South East Asia in the area
of nuclear medicine.
During the year, about 12,000 patients attended the RMC for diagnosis,
treatment or follow-up. The largest number of referrals was for imaging
of organs. This kind of imaging studies helps in the diagnosis of focal
lesions in various organs. In many cases, along with the static imaging,
dynamic functional studies of various organs are done with the help of
a 16 K memory computer coupled to a scintillation camera. Such dynamic
studies include cerebral blood flow, radiocardiography, liver blood flow,
renogram, hepatobiliary excretion of radioisotopes and vascular flow. The
Centre is the only one of its kind in India with facilities for such dynamic
studies.
15,145 new patients were examined at the Tata Memorial Hospital, Bombay
during the year and 5,030 were admitted as in-patients. Around 480
patients received radiotherapy treatment daily. Also around 35,000 diagnostic investigations were undertaken by the Hospital every month of
the year.

Atomic Minerals
Several new indications of uranium occurrences were located by the
Atomic Minerals Division of the Department; noteworthy indications have
been obtained in a set of shallow boreholes drilled at Dutnhat in the
Sarguja District of Madhya Pradesh. Over 10 tonnes of columbite-tantalite
were produced during the year. The Division also carried out extensive
investigations for estimation of helium.

Nuclear Power
During the year, the Tarapur Atomic Power Station generated a total of
1971.044 million units (uptofMarch 15, 1976); the year's output is
expected to be the second highest since the Station's commissioning.
The highest was 2417.389 million units, in 1970-71, when there were no
refuelling outages. The Station's performance as a whole has improved
substantially.
At the Rajasthan Atomic Power Project, Unit-1 achieved an average
availability factor of 92 per cent during the first three months of this
financial year. It however had to be shut down due to failure in stage III
of the high pressure rotor of the turbine. The unit was resynchronised
to the grid in December 1975, but had again to be shut down in late
February 1976 due to problems in the low pressure turbine.
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The construction of Unit-ll of the project is progressing well with i
major nuclear and conventional equipment installed, except the fuelling
machines.
At the Madras Atomic Power Project, all civil works of Unit-I have been
completed and erection of equipment is in progress. The calandria has
been received and installation of calandria tubes is going on.
In Unit-ll, civil construction work on the reactor and turbine buildings
is nearing completion and manufacture of major equipment is in progress.
Design work in the nuclear and conventional areas of the Narora Atomic
Power Project is in hand. Construction facilities like» the approach road,
warehouse, garage, fire station, concrete testing laboratory, sub-station
for construction power supply, construction water supply, site workshop,
etc. are nearing completion.
Nuclear Fuel Complex
During April 1975-March 1976, a total of 2,540 fuel bundles were
supplied to the Rajasthan Atomic Power Station by the Nuclear Fuel
Complex, Hyderabad. Also, 333 calandria tubes in zircaloy-2 have been
supplied to the Madras Atomic Power Project for use in Unit-I. The entire
requirement of MAPP-I with respect to this item was met by NFC. Zr-2 fuel
tubings, which were generally being imported, are now in regular production
at the Zircaloy Fabrication Plant of the Complex.
A new UO2 pellet sintering furnace for increasing the sintering capacity
was designed, fabricated and commissioned at the Ceramic Fuel Fabrication
Plant of NFC. Hitherto^such sophisticated furnaces were imported, and
this attempt at indigenous manufacture has resulted in a foreign exchange
saving of approx. Rs. 5 lakhs.
A new facility for the production of mixed pellets of gadolinium oxide
and enriched uranium oxide is also being commissioned; regular production
from this facility is expected to commence shortly.
Heavy Water
The Baroda Heavy Water Plant is being commissioned and is expected
to go into production soon. The Heavy Water Plant at Kota is likely to
be completed by end 1977, while the Tuticorin and Taicher plants are
expected to be commissioned in the first quarter of 1977 and late 1977
respectively.
•ft V

Fuel Reprocessing
The Fuel Reprocessing Plant at Tarapur is undergoing pre-commissionin
trial runs.

Public Undertakings
During 1974-75, the Uranium Corporation of Indie Ltd. earned a net
profit of Rs.10.15 lakhs after providing Rs. 60.02 iakhs for depreciation,
and Rs. 4.88 lakhs towards interest on long term loans.
Work on the second stage of deepening of the existing mine at Jaduguda
made further progress during the year. A by-products plant, and a plant
for the recovery of uranium have been erected at Jaduguda.
For the year 1974-75, the Electronics Corporation of India Ltd. earned a
net profit of Rs. 88.26 lakhs after providing for depreciation of Rs. 146.43
lakhs, interest of Rs. 142 lakhs on loans and borrowings, expenditure on
social facilities of Rs. 28.49 lakhs and income-tax of Rs. 70.31 lakhs.
Besides transferring an amount of Rs. 35.60 lakhs to the Development
Rebate Reserve, an amount of Rs. 53 lakhs was transferred to the General
Reserve.
During 1975-76, the estimated turnover of the Indian Rare Earths Ltd.
would be Rs. 876.1 lakhs and the net profit Rs. 131 lakhs after taxes. The
Company earns substantial foreign exchange from exports; in 1974-75 the
earnings were Rs. 436.5 lakhs.
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RESEARCH & DEVELOPMENT

Bhabha Atomic Research Centre
During the year, the Bhabha Atomic Research Centre was reorganised
into the following Sections, Divisions and Groups:
Nuclear Physics Division
Training Division
Seismology Section
Neutron Physics Section
High Altitude Research
Laboratory, Gulmarg &
Nuclear Research Laboratory, Srinagar
Library and Information Services

Physics
Group

Metallurgy Division
Radiometallurgy Section
Ore Dressing Section

Metallurgy
Group

Chemistry Division
Radiochemistry Division
Health Physics Division
Division of Radiological Protection

Chemical
Group

Spectroscopy Division
Analytical Chemistry Division

Analysis
Group

Reactor Operations Division
Safety Evaluation Section
R-5 Project

Reactor
Operations and
Maintenance
Group

Isotope Division
Isomed Section

Isotope
Group

Bio-Chemistry & Food
Technology Division
Biology and Agriculture Division
Bio-Organic Division
Medical Division
Radiation Medicine Centre

Bio-medical
Group '

'

ƒ

Electronics
and
instrumentation
(cont.)
Group

Electronics Division
Computer Facility
Reliability Evaluation Section
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Technical Physics Division
Laser Section
Opto-Electronics Section
Plasma Physics Section
BES M-6 Computer
VEC Project

Electronics and
Instrumentation
Group

Reactor Control Division
Reactor Engineering Division
Experimental Reactor Physics
Section
Theoretical Reactor Physics
Section
Reactor Analysis & Studies Section

Reactor
Group

Central Workshops
Chemical Engineering Division
Fuel Reprocessing Division
Heavy Water Division
Heavy Water Project, Kota
Heavy Water Plant, Nangal
PREFRE, Tarapur

Engineering
Group

Technical Services Division
Desalination & Effluent
Engineering Division
Waste Management Operations Section
Waste Immobilisation Project,
Tarapur & High Level Waste
Management Section
Air Cleaning Engineering
Research Section
Centralised Waste Management
Facility, Kalpakkam

Engineering
Services
Group

Atomic Fuels Division
Civil Engineering Division
Architectural Section
Landscape & Cosmetic
Maintenance Section

Administrative
Group

Personnel Division
Accounts Division
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Nuclear Physics
The basic research programmes in the fields of nuclear physics, fission
physics and solid state physics taken up earlier by the Nuclear Physics
Division were continued with the use of the Van de Graaff accelerator,
CIRUS and Apsara facilities. Besides, the Division has been planning
new programmes oriented towards the utilization of the Variable Energy
Cyclotron facility which will be available during 1976, and the R-5 reactor, under construction. These programmes involve work on the development and setting up of facilities like heavy ion sources and iron-free
ß-spectrometer for the cyclotron; hot and cold neutron sources, neutron
guide tubes and crystal spectrometers for the R-5.
At the Van de Graaff laboratory, studies involving scattering of alpha
particles from even-even nuclei were continued. New data on the reaction
''"Cat o<, << )40Ca have been measured. Analysis and interpretation of
these data in terms of nuclear levels in the compound nucleus 44Ti is
underway.
A fine resolution (-^>1 keV) measurement of the isobaric analog resonance
in the S5Mn(p, n)35Fe reaction at EF ««1.54 MeV has been carried
out and the data are being analysed in terms of the spectroscopie factor.
Resonance parameters for states in 33S at excitation energies between
10.4 and 11.4 MeV have been extracted from the M Si( < , n) M S excitation functions measured earlier. The work on finding consistent proton
optical model parameters at sub-Coulomb energies for medium weight
nuclei through (p, n) reaction studies has been started. An experiment
to measure excitation cross section for shape isomers In uranium isotope
with 14 MeV neutrons using plastic track detectors and recoil geometry
is in progress.
Study of the reaction 32S( «;, x) 3 6 Ar started earlier was continued by
measuring excitation functions as well as angular distributions on several
resonances. The analysis of this data has yielded new information on
levels in 3&Ar in the 10 to 11 MeV excitation region. A systematic study
has revealed a peaking of E2 strength near 12 MeV for 24 Mg, M Si and
32
S. Continuing studies on understanding the structure of nuclei in the
mass 80 region, detailed level structure studies of 74As and *'Kr have
been made in collaboration with a group in TIFR. There is evidence to
show that the nature of the coupling changes at around mass 80.
Behaviour of deuteron,. (i) as a bound cluster in light nucleus and (ii) in
free collision with another nucleus has been investigated theoretically
for the reactions 6 Li(d, tp)4He, d(d, t)p and d(p, p)d. The analysis of
d(d, t)p reaction data indicates that the two colliding deuterons contract
before the reaction takes place. The study of 6 Li(d, tp)4He reaction has
provided evidence in support of sizable deuteron cluster shrinkage in'Li.
The four particle break-up reaction, D + D - > 4 N theoretically interpreted
in terms of nucléon-nucléon interactions, has been found to give surprisingly good agreement with the data obtained at University of Maryland
13

using a 80 MeV variable energy cyclotron. For elastic scattering, contrary
to earlier conclusion, it is found that the off-shell nature of the pionnucleon scattering amplitude does not play a very important role.
Experimental and theoretical studies of different aspects of the nuclear
fission process were carried out. Experimental programme aimed at a
comprehensive study of the long range alpha particles emitted in thermal
neutron induced fission of 23SU was started. These experiments involved
simultaneous recording of six parameters characterising the variable in
the ternary fission process and the subsequent computer analysis of the
data. The yields and energy spectra of alpha particles accompanying
fission were studied in the fast neutron fission of 235 U. The energy
spectra of long range alpha particles for different fragment charges in the fission of 252Cf were studied employing a high resolution Si (Li) spectrometer.
Experiments were also carried out to determine the prompt gamma ray
multiplicity distribution in the spontaneous fission of 252Cf. Thin film
detectors with excellent performance for fission fragment detection and
high resolution Si(Li) X-ray spectrometers for analytical applications have
also been developed in the Section, theoretical studies of the shell correction energies versus nuclear deformation have been carried out by
the temperature smearing method developed here. Shell effects on nuclear
level densities have been theoretically studied to arrive at a simplified
shell dependent level density expression, which is useful for nuclear
data applications.

Solid State and Neutron Physics
Extensive measurements of quasi-elastic neutron scattering from the
mixed salt [(NH4)0.|6K0.84]2SO4 have been carried out using the
rotating crystal spectrometer at CIRUS with the sample held in the temperature range of 227 to 413 K. The analysis of the data based on suitable
physical models has yielded the characteristic time connected with reorientation of NHjK ions and the associated potential .barrier. Similar
analysis has been carried out on data for pure (NH4)2SO4, NB 4 I, and
(NH4)2SnBr6. Inelastic incoherent neutron scattering studies on several
ammonium mixed salts [{NH,,)XK,_)<]2SO4 with x = 0 , 0.16 0.5, Q.75
and 1.0 both at room temperature and at 100 K have been carried out
using the filter detector spectrometer. The inelastic spectra show marked
changes as a function of concentration. It is known that this system
ceases to be a ferroelectric for x = 0.4. Data are under analysis to explain
the nature of the observed spectra.
Analysis of polarised neutron data of single crystals of neutral Fe3O4
(magnetite) measured earlier on the basis of free ion valued had indicated
that A-site form factor was sharper than free ion Fe 3+ form factor and
that of the B-site deviated significantly from average values of form
factors derived from random distribution of Fe 3+ and Fe 2+ ions on
these sites. Fresh measurements were carried out using polarised and
unpolarised neutrons on thin specimens to investigate the problem of
1 4
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extinction and double Bragg reflection. These measurements have yielded
valuable information about covalency effects, A-site moment and magnetic moment density. Polarised neutron diffraction measurements from
the ferromagnetic ordered Hausier alloy Cu2MnAI for reflections in < 0 0 1 >
and < 1 1 0 > zones have been used to obtain the spin density distribution
of the alloy in the (001) plane. These measurements have also yielded
the magnetic moment of Mn atoms (reported by others in the literature).
Mössbauer spectra from (CoxFe|_x)Ge3 (x = 0.0, 0.15, 0.3 and 0.45)
have been obtained and are analysed in terma of location of Co and Fe
, atoms at the sites and effect of the change in concentration on the internal
magnetic fields. Mössbauer spectra of the ferrites Ni x Zn ( _ x Fe2Q4 (x = 0.25,
0.25 and 0.75) have been recorded at several temperatures below their
magnetic transition temperatures. These spectra have established the
presence of ionic spin relaxation effects and absence of super-paramagnetism in these ferrites.
Laser Raman spectra from mixed crystals of [ (NH 4 ) X K|_ X ] 2 CuCI4.2H2O
at 85° K over a range of concentrations 0.45 x 0.72 were recorded using
a 600 mW Ar + laser and a Spex 1400 double monocfiromätor with
a spectral band pass of 1 cm"" 1 . Group theory has been used to interpret
the data in terms of various modes. From the observed variation of intensity as a function of concentration, these modes are believed to be
largely vibrational in character. Further analysis is in progress, information
about the origin of strong macroscopic field effects in certain modes
of AX4 clusters has been obtained. Using a He-Ne laser source and a
pressure scanned Fabry Perot Interferometer, the Brillouin spectra of
liquids CCI4, CS2, C6H6 and C6H5CH^ have been recorded at several
scattering angles in the angular range 35° to 145° at room temperature;
The measured frequency shifts of the Brillouin components have been
used to obtain the velocity of the thermally excited hypersonic wave
in the frequency region 1 to 10 GHz. Detailed information regarding the
crystal structure, chain conformation and molecular dynamics of the
liquid crystal HBPA in several of its phases has been obtained by calorimetric X-ray and Raman scattering investigations.
\
_ ^ -'
Homogeneous and homeotropic orientation of nematic liquid crystals on
thin metallic films has been studied using metallic substrates of
Cr, Al, Ti, Ag, Cu etc. From these studies, it is concluded that oxidation
of thin metal-deposits helps in orienting the films;Comparable orientations were not observed on metai-öxide-déposits. Electron microscopic
and Raman scattering studies of substrates are being employed to understand the physical mechanisms responsible for orientation of the liquid
crystals.-.
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The problem of determining the allowed energy levels of àn electron ;
in the superposition of a periodic potential and a uniform electric field
was investigated theoretically. A finite linear chairs of J>~ potentials is
considered with a uniform electric, field, superposed on it. It is found
that a weakly perturbed quasi-ladder can exist under appropriate con15

ditions. The first and second order Raman tensors are known to be certain
linear and bilinear~combinations respectively of Clebsh-Gordon coefficients.
The underlying theory is generalised into the general framework of
inducod representation theory.
The structural investigations of molecules of biological importance by
ntutron and X-ray diffraction techniques were continued. A programme
on precision neutron diffraction studies of the nucleotides was initiated
and an investigation of the structure and conformation of uridine-5'phosphate (disodium salt) was completed. This is the first neutron study
of a nucleotide and has resulted in a complete determination of its structure, including hydrogen atoms. Using X-rays, the structure investigations
have been extended from dipeptides to the tri peptide leucyl-glycyl-glycine.
The crystal and molecular structure of onitin monoethyl ether has been
determined. The study revealed rotational disorder in the hydroxyethyl
part of the molecule.

High Altitude Research
Basic research in the fields of cosmic rays, astrophysics and solar-terrestrial
physics was continued at Gulmarg and Srinagar laboratories. Using cosmic
rays and other solar-geophysical parameters as probes, a study has been
made of the solar M-regions which are responsible for a variety of longlasting solar effects at the earth. These have been shown to be located
to the west of solar active regions. The magnetic and other characteristics
of these regions are being studied and an attempt is made to understand
why these regions are located only to the west and not to the east of
the active regions.
The study of low energy charged particle fluxes has been made at the
altitude range of 400-1100 Kms, using satellite data. The study reveals
the presence of a ring of charged particles within + 4° of the geomagnetic equator, in the altitude range of 400-1100 Kms.
Spectroscopy
High resolution atomic spectral studies of Nd and Gd in the neutral and
ionized forms were continued using natural and enriched isotopes. Detailed
isotope shift studies in the spectrum of ytterbium were taken up for the
first time.
Electronic, vibrational and rotational spectral studies in the visible, ultraviolet and vacuum ultra-violet regions were made for the molecules A1O,
AIN, AICI, AgO, AgH, O2+, UF6, ZnF, NS, PO, S 2 0, CaF and SrF in
emission as well as absorption with different excitation sources like the
high frequency discharge, high voltage spark and the d. c. arc.
A new continuum in thé vacuum ultra-violet region could be excited
in a high voltage discharge through high pressure xenon.
16
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The after-glow emission spectrum of S2 hasl been photographed for the
first time in the visible and ultra-violet regions.
Raman spectra of benzene solution of borohydrides, U + 4 in solution
and solids and l 2 , employing the argon ion laser source, were studied
using laser Raman spectrometer.
The flash photolysis technique was used to study energy transfer mechanism with mercury sensitization. Spectra of a number of transient
species like HgH and HgA were observed. Other molecules like carbon
disulphide, uranium borohydride and water vapour were studied after
obtaining their photo-decomposition products employing flash photolysis.
Radiochemistry
The basic research activities of the Radiochemistry Division include studies
on solvent extraction behaviour of inner transition elements with a view
to devising better separative and analytical methods, x-ray, thermal and
structural studies on compounds of Th, U and Pu to understand their
behaviour and nuclear and radiation chemistry studies.
The studies on the extraction of the actinides from carboxylic acid media
into long chain amines revealed that the extraction of hexavalent actinides was good while that of tetravalent actinides was poor. Based on
this observation, a method for the final purification of 2 B U from residual
Th has been suggested. A large synergistic enhancement in the extraction
of Am, Cm, and a number of lanthanides was observed by using a mixture
of TTA and a quaternary amine as an extractant. In the extraction of
Eu(llï) using a mixture of TTA and TBP in different diluents, it was observed that the dielectric constant of the diluentjnfluences the extraction
behaviour.
A new metastable uranium oxide phase U 0 1 6 has been obtained by
thermal decomposition .of anhydrous uranium(lll) formate. This phase
has a structure similar to that of high temperature form of
Radiation and photochemical investigations on U and Pu compounds
have been carried out. The gamma radiolysis of U(IV) solution in H CI
and H2SO4 media, in the presence of air, indicated that U(IV) was significantly oxidized by H0 2 radicals, produced in the radiolysis. The flash
photolysis studies of U(IV), in aqueous H CI medium, revealed that the
reaction of U(IV) with the transient Cljf leads to its oxidation. The EPR
investigation on the irradiated solid compounds of Pu indicated formation
of defects depending on the nature óf ligsndand the types of radiation used.
Mass distribution studies in the fission of 232U by reactor neutrons have'
revealed the existence of a third peak in the symmetric mass region. This
has been interpreted as the strong dependence of symmetric fission on
the neutron number of the fissioning nucleus. Fission track registration
technique has been applied to the estimation of uranium in geological
17

samples like rocks, minerals e'x. This technique has a potential application
in mineral exploration and hydrogeochemical studies.

Biology and Agriculture
The nature of interaction between some of the membrane specific drugs
and model membrane systems was studied using magnetic resonance
technique. The studies indicate that the drugs interact w i t h both the
proteins and phospholipids. Treatment of spin-labelled erythrocyte ghost
membranes w i t h procaine hydrochloride results in the release of the
spin-label as inferred from electron paramagnetic resonance studies.
Post-irradiation addition of procaine hydrochloride t o the bacterial cells,
which were earlier sensitized by chloropromazine, did not exhibit t t 3
same effect as in mammalian cells in vivo.
Biophysical studies o n photosynthetic membranes revealed that ' 2 ' peak
in thermoluminescence (Tl), indicative of the triplet to ground transition
in the chloroplast, is related t o the reduction of the primary electron acceptor
of photosystem II. The physical parameters describing the trapped electrons responsible for all the Tl peaks in leaf are hot related t o the quality
of light emission.
A comparison between excitation and emission spectra of Tl and phosphorescence of nucleic acid bases has shown that a new hypothesis
assuming the existence of the electron traps in the vicinity of the excited
states of the compounds is more satisfactory for explaining their thermoluminescence.
Psoralen + 360 nm light induces cross-links in D N A of the treated cells.
Such cross-links inhibit DNA synthesis and if not removed, may cause
cell death. Evidence for differences in repair capacities is derived from
t w o Haemophilus influenzae strains one (uvr-î) of w h i c h is. about five
times more sensitive than the normal strain t o the action of psoralen
+ 3 6 0 nm light. uvrA strain also reactivates, t o a lesser extent, transforming
D N A or bacterial virus w h i c h has been treated w i t h psoralen + 3 6 0 n m
light.
Attempts are being made t o develop gehe transfer methods in Rhizobium.
This strain can be transformed but w i t h an efficiency of only 5 x 10" 2
per cent.
.
Analysis of the different pathways of recombinant production in Escherichia coli was further extended. The Reç F pathway, in addition to giving
higher exchange density as compared to the Rec BC pathway, also gives
slower rate of segregation and lower recovery of distally transferred male
markers. The results are consistent w i t h the idea that the Ree F pathway
preferentially integrates single-stranded donor D N A fragments whereas
the Rec BC pathway integrates doubléstrand dqncir DNA. í
:
The probable cause o f the thymidine inhibition of mutants lacking d e oxyribose aldqlase is inactivatipn (or repression) of ah: enzyme (perhaps
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fructose-diphosphate aldolase) of carbohydrate metabolism by a metabolite,
deoxyribose-5-phosphate, produced during thymidine catabolism. This
is suggested by our studies on the reduction of the thymidine inhibition
by arabinose and other sugars which are metabolized mainly via the
pentose-phosphate pathway.
Abscisic acid has been found to induce Rb and Fe migration from primar/
leaf of bean suggesting nutrient migration prior to abscision. Saline
conditions increased Rb absorption, probably due to alteration in cell
membrane integrity. Distribution of manganese showed its relative immobility in bean plants.
Drought-resistant wheat variety K65 was found to have greater resistance
to nutrient leaching in high temperature drought conditions.
Low doses of thermal neutrons were found to be stimulatory to the growth
of rice seedlings while fast neutrons were inhibitory.
Bio-Organic Research
Investigations on the mode of biosynthesis of some important plant
constituents in vivo and in tissue culture by the application of radiotracers
are underway. The role of juvenile hormone mimics in insect morphogenesis is being studied, and natural sources for such agents.are being
explored. Studies on morphogenesis in higher plants using in vitro techniques are underway in order to study growth and differentiation.
Biosynthesis of some phenanthroindolizidine alkaloids has been carried
out and the relative stereochemistry of four phenanthroindolizidine alkaloids around carbon atoms —14 and —13a isolated from the plant. Perguiaria pallida has been established.
It has been found that the juvenile hormone activity depends on the
age of the nymphs at the time of treatment, the rate of penetration and
on the metabolic stability of the compounds. A correlation between
morphogenetic and chemosterilant activity of JH mimics has been observed.
Factors regulating morphogenesis in tissue cultures of flax, sapota,
Amaryllis, groundnut etc., were investigated with special reference to
nutrition and hormonal conditions at the organ, tissue and cellular levels.
Ethylene releasing chemicals have been successfully employed to bring
about change in sex expression in the castor plant.
Radiation studies with gamma rays on seeds, seedlings and tissue cultures
of Petunia, Antirrhinum, and Pharbitis were carried out Petunia and
Pharbitis callus tissues were mere radio-resistant as compared to seeds
and seedlings.
LD50 of haploid tobacco cells subjected to varying doses of gamma
and UV rays was determined. A significant rise in survival was observed
when UV irradiated cells were exposed to visible light.
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Biochemistry
Fundamental researches in biochemistry and the effects of radiation on
biological systems covered the areas of macromolecular biosynthesis,
subcellular organelles and biomembranes, enzyme structure function and
regulation, developmental and dedifferentiation mechanisms, vitamin
absorption and cofactor functions.
Rejoining of radiation-induced singie-strand breaks in Escherichia coli
DNA by slow repair was found to be blocked by inhibitors of RNA synthesis under conditions that inhibited protein synthesis. Dose dependent
(upto 600 krads) gamma-radiation-induced single strand breaks in Micrococous radiophilus DNA were repaired during 4-6 hrs post-irradiation
incubation.
Decreased RNA synthesis in whole body x- irradiated rat spleen and
thymus was observed as due to reduced RNA poiymerase and DNA
template activities resulting partly from the indirect consequence of neuroendocrine reactions and partly as a result of direct radio exposure. During
rat liver regeneration, a significantly altered turnover of chromosomal
acidic proteins resultod in higher template efficiency and increased nucleolar RNA polymeras? I. UV irradiation of isolated Yoshida ascites cell
chromatin caused reduction in the number of RNA chain initiation sites
whereas gamma-irradiation increased the number of such sites.
Ribonucleotide reductase has been solubilized from an E. coli DNA- membrane
preparation by sequential treatments with sarkosyl at pH 8 followed
by deoxycholate at pH 6.O. A study of its allotopic properties revealed
that the membrane-bound enzyme could be regulated far better than
the purified enzyme.
Mitochondrial oxidative phosphorylation in radio-resistant Tetrahymena
pyriformis, was impaired after exposure of cells to as low as 50 krads
of gamma-radiation and was inhibited further during post-irradiation
incubation. Irradiation of mitochondria in vitro, even up to the doses of
500 krads was, however, without effect. Thyroidectomy caused decreased
cytochrome synthesis in rat liver, brain and kidney. Rät liver mitochondrial
proteases were different from cathepsin B and D. The catalytic subunit
of the liver mitochondrial protein kinase from tumour-bearing rats has
been shown to be dimeric by analytical ultracentrifugal studies. This:
enzyme preferentially phosphorylates histone Fj fraction. Large amount
of histone F1 phosphatases, which could dephosphorylate histone F,, has
also been detected in the cytosol of ascites tumour cells. >
Two discrete populations of rat liver lysosomes have been observed.
Under physiological stress conditions, one group may be reversibly (on
irradiation) or irreversibly (on protein fasting) damaged. •
The incorporation of CO2 into solanine by chloroplasts of cold-stored
potato green peel proceeds via formate, glycine, serine, pyruvate acetate
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and mevalonate. Treatments which affect chlorophyll synthesis also effect
solanin synthesis.
A single injection of nicotinamide or nicotinic acid could induce in rat
liver an enzymatic drug hydroxylating system similar to that obtained with
multiple doses of phénobarbital, a sedative drug. The induced activity
could, be eliminated by simultaneous administration of nicotinic acid
analogues. Induction of the enzymatic system was impaired in tumourbearing animals. Serum from tumour-bearing rats was shown to inhibit
the drug hydroxylating system in normal rat liver. Long term protein
deficiency delayed thioacetamide-induced malignant transformation in
mouse liver.
In vitamin A deficient rat liver, lysosomal membrane damage resulted in
lipid peroxidation. On the other hand, dietary protein deficiency caused
slow mobilization of orally fed 3H-retinol due to lack of protein carrier
and reduced phospholipid content. Absorption, transport and tissue distribution of vitamin E were impaired in protein deficiency. Vitamin E deficiency leads to increased liver mitochondria! phospholipase A2 activity,
elevated lysolecithin levels, decreased isomerization of methylmalonate to
succinate and impaired succinate oxidation.
Intrinsic factor-vitamin B,2 complex-splitting factor has been isolated
and purified 8-fold from an ileal brush-border preparation. Vitamin B,2
promoted the release of non-methyltetrahydrofolates from 'trapped' methylfolates. These released non-methyl derivatives were preferentially conjugated to form the polyglutamyl folates which were more reactive as
cofactors in nucleoprotein synthesis, thus confirming and extending the
'methyl trap' hypothesis. A loss of the mucosal cell surface ATPase in
the gamma-irradiated rat affected the formation of the acid microclimate
required for folate absorption. Purified chicken liver gamma-glutamyl
carboxypeptidase (folyl conjugase) has a molecular weight of 57,500 and
was found to be composed of two individually active polypeptide chains
(mol. wts. 41,000 and 17,000) linked together by a single interchain
disulphide bridge. In presence of various activating agents, the native
enzyme could be raductively split into its active constituent polypeptides.
The activation of prothrombin by thrombokinase was found to involve
phosphorylation of the substrate protein. Gamma-irradiation of prothrombin reduced its clotting ability as well as its esterase activity. The
conversion of human plasminogen to plasmin by urokinase and the caseinolytic activity of plasmin were differentially affected by gamma-irradiation,
both being decreased.
The multiple forms of rat kidney lysozyme could be differentiated on
the basis of their differential sensitivity to EDTA; thus the mitochondrial
and microsomal enzymes were stimulated, supernatant enzyme unaffected
and nuclear enzyme inhibited by the low concentration of EDTA. The
lysozyme activity in the serum of patients suffering from acute myeiocytic
leukemia was twenty times higher in comparison to normal serum.
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A gradual reduction in the levels of ' free ' cathepsins was associated with
the recovery of rat muscle aldolase following wholebody x-irradiation.
Purified Lactobacilíus casei aldolase was considerably inactivated in D2O.
Myoglobin unfolded initially on gamma-irradiation probably making the
exposed tryptophan residues susceptible to destruction upon further
irradiation.
The immunological analysis of uridine diphosphoglucose (UDPG) dehydrogenases from rat and calf liver preparations indicated that these enzymes
were not identical. Among the isoenzymes A, B and C of phosphoglucose
isomerase from L casei, the isozyme B was found to exhibit a heavy watersensitive, regulatory response with erythrose-4-phosphate. In vert ase of S.
cerevisiae was immobilized by entrapping the intact yeast cells in polyacrylamide gels polymerized with gamma-rays where 90 per cent of the enzyme
activity could be detected.

MEDICINE
Separation and Identification of Lymphocyte Sub-populations
A method for in vitro separation of sub-populations of lymphocytes by
differential adhesion to nylon fibre column was successfully developed.
Thymus derived (T)-cells which have higher anodic electrophoretic
mobility (EPM), do not adhere to nylon bed at pH 7.0 while bone marrow
derived (B) cells adhere to the bed and can be eluted by mechanical dislodgements. T-cells thus obtained were electrophoretically homogeneous
while B-cell fraction generally contained about 15 per centnon-B cells. Such
a separation has been achieved from splenic lymphocytes of normal and
leukaemic AKR mice, normal CBA mice, wistar rats etc. The sub-populations
have been identified according to specific surface antigenic markers.
Cell electrophoretic measurements on splenic lymphocytes of AKR mice
after transplantation with viable leukaemic cells nave been carried out.
Post-transplantation development of leukaemia was found to be accompanied by decrease in the mean EPM and proportion of T-cells. EPM of the
B-cells remained unchanged, but their proportion increased concurrently
with decrease in that of T-cells. Further studies on the assessment of
biological functions of these separated populations are underway.

Immunological Approach to Treatment of Leukaemia in AKR
Mice
Experiments were conducted to develop an immunological approach for
treatment of spontaneous leukaemia in AKR mice. Normal and leukaemic
cells were pretreated in different ways and 10' cells/animal were given
in 4 fortnightly injections starting at the age of 4 months. These animals
were observed for the development of spontaneous leukaemia. Two groups
of animals—(a) those given neuraminidase (VCN) treated normal viable
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cells—(6/8) and (ô) those given x-irradiated leukaemic cells (4/8) showed
survival beyond the average life-span. 3/8 in group (a) and 2/8 in group (b)
survived even beyond 14 months of age. The observed effect could be due
to (1 ) the exposure of xenogenic neoantigenic sites after VCN treatment
or post-irradiation exposure of cryptic antigens and/or (2) carrier like
effect of adhered enzyme neuraminidase on the haptenic tumour specific
transplantation antigens (TSTA).
If at all any immunological mechanism is involved, it will have to be demonstrated by rejection or delayed proliferation on tumour challenge. Transplantability of leukaemic cells was, therefore, assessed by giving different
doses of viable tumour cells. This showed progressive increase in the
survival period accompanied by a progressively extensive leukaemic
development with decreasing tumour innoculum from 108 cells to 10* cells.
Two different sets of experiments to demonstrate development of immunity,
if any, in these observed phenomena are in progress. In one, the preimmunized animals are challenged with a tumour graft. Irr the other, posttransplantation effect of the same treatments is being studied.
Specific immunosuppression by anti-lymphocyte sera : The immunosuppressive abilities of two different anti-lymphocyte sera (ALS) on primary immune
response to sheep RBC (SRBC) in rats were studied. Effect of pre- and
post-antigenic administration of these sera was assessed by estimating
both 19S (I,M) and 7S (l t G) plague forming cells (PFC). These investigations revealed that ALS prepared against unsensitized lymphocytes—
ALS(N) and ALS(I) prepared against SRBC—sensitized lymphocytes both
reduced the number of I ( M and I ( G, PFCs when administered one day
before the antigen. ALS(I) brought about greater inhibition of the l r M and
IXG PFCs as compared to ALS(N) for which both the PFCs were reduced
to equal extent.
The immunosuppressive effect of ALS(N) wastotally lost when it was given
after the antigen ALS(I); however, still suppressed both I, M and l t G
PFCs, even if given after the antigen. The degree of suppression was less as
compared to suppression caused when given prior to antigen. Total failure
of ALS(N) to inhibit primary immune response when given 24 hours after
the antigen showed that early events of antigen recognition were taking
place in this period. Once the antigen sensitized or antibody forming cells
are formed, ALS(N) is unable to inhibit them. ALS(I), on the other hand,
still has a component active against these cells and is thus able to suppress
the immune response.
The selectivity of this suppression is further borne out by a preliminary
observation that ALS(I) raised against s. typhi H stimulated lymphocytes
failed to cause significant reduction in the number of PFC to SRBC. This
indicates that it may be possible to achieve post-antigenic selective immuno;
suppression by using specific ALS(I).
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RADIOLOGICAL PROTECTION
In connection with the basic studies related to dose-effect relationships,
the Division of Radiological Protection carried out radiobiological investigations at macro-molecular level, particularly with DNA, showed that the
enhancement of DNA base damage due to the presence of oxygen is
comparable to the values reported for living cells. However, when the DNA
base thymine or nucleoside thy midi ne was irradiated in vitro, no such
sensitization was observed. Further, experiments with chemical radioprotectors indicated that hydrated electron is not responsible for this base
damage in DNA.
The ;BX chemical dosimeter developed in the Division has proved very
useful in several radiation therapy applications such as build-up dose
measurements for which there were many inconsistencies earlier. The
system showed high ferric ion yields at low dose-rates which were attributed
to energy transfer processes. The same solutions showed increased photooxidation on exposure to sunlight. There was no significant photo-oxidation
in the absence of oxygen. It appears that dye-sensitized singlet pxygen
formation is responsible for high photo-oxidation as well as high radiation
chemical yields at low dose-rates. These findings are very important in
radiation chemistry of these dosimetry systems.
Basic studies on understanding the chemical processes in the atmosphere
have been carried out which include : synergistic effect of atmospheric
radioactivity and sulphur dioxide in inducing nucleation in the atmosphere;
composition and size distribution of atmospheric and artificially produced
aerosols; study of the growth of condensation nuclei of 15 different compositions using newly developed theoretical methods etc. Studies have also
been pursued on singlet molecular oxygen reactions in the gamma phase.
VARIABLE ENERGY CYCLOTRON PROJECT
After the completion of fabrication of most of the major components, the
assembly of the Variable Energy Cyclotron (VEC) is in progress at Calcutta.
Main Magnet : The 262-tonne steel core for the main magnet was. testassembled at the Heavy Engineering Corporation Workshops in Ranchi
and necessary corrective: measures were taken to achieve the desired
tolerances on dimensions, flatness and three-fold symmetry on the pole
pieces. The core was then dismantled and transported to VEC Laboratory
in 20 major pieces, each weighing about 20 tonnes. Reassembly of the
magnet frame at site started by the middle of lyiareh 1975 and was com-:;
pleted in June 1975. During the final'installation, flatness and levels were
checked at various stages and after completion of the assembly, gap
measurements were made. Dimensions of the gap and deviations from the
specifications were found to be within tolerances.
Coils : All the ten main coil pancakes, manufactured by the Bhafat Heavy
Electricals Limited, Bhopal, were installed on the cyclotron magnet,f rame24

and their bus bar connections to the power supply were made. In June 1975,
coils were test-excited and preliminary measurements of magnetic fields
in the hills and the valleys were made at a test current of 200A DC. NMR
Gauss-meter was used for field measurements. An indexing plate, manufactured at the Central Workshops, Trombay, was installed in the gap to make
detailed field mapping, using a searçh-coil assembly specially made in the
VEC Laboratory. A 16 bit, 9 k NOVA computer was procured to process the
magnetic field data comprising about three-quarter of a million points of
the field mapping. One out of the two sets of trim and valley coils fabricated
at BHEL, Bhopal, was received at VEC site; and the second is under fabrication at Bhopal. A special technique of epoxy potting of the trim and valley
coils was developed for this purpose. This constitutes a major change in
the original Berkeley design for the trim and valley coils.
Radio-frequency Oscillator: Fabrication of the resonator tank was completed
at Garden Reach Workshops, Calcutta, and its vacuum testing is in progress.
The assembly of the main oscillator is also in progress at the VEC Laboratory.
Rectification of the cabinet and replating of some of the components
fabricated at Electronics Corporation of India, Hyderabad, was necessary.
All the parts such as the dee, dee-stêm, RF panels etc. fabricated at the
Central Workshops, Trombay, were delivered at VEC site. Fabrication of the
aluminium RF trimmer, with copper cooling tubes, is nearing completion
at Trombay. The two imported RCA 6949 oscillator tubes were brought by
air from Trombay to VEC site by special arrangements with the Indian
Airlines by modifying a part of the internal accommodation in an aircraft.
The main oscillator power supply has been tested at VEC site.
Infection and Extraction Systems : All the components of the ion source,
fabricated at the CWS, Trombay, were delivered at VEC site and the installation of the ion source drive system is in progress. The test-assembly of the
120 kV electrostatic deflector was completed at Trombay. Development
work on a new type of electron beam ion source was started for high
charged-state heavy ions.
.:
Power Supplies : Fabrication and installation of all the power supply units
in their final positions in the pit area was completed. Testing with dummy
loads was also performed. LCW water connections and cabling from the
control console is now in progress. Six LCW heat exchangers, using Cu-Ni
tubes and aluminium-bronze tube sheets, were fabricated at CWS, Trombay,
and have been installed at VEC site. The déminéraliser plant was also
installed. The system is now undergoing trial runs. Performance testing of
once-through air-conditioning system in active areas and simultaneous
testing of the complete 600T air-conditioning plant is in progress. Thé raw'
water system, with a separate heat exchanger, pump, storage tank etc. is
;
under installation.
;
s
Control and Vacuum Systems : All the mechanical vacuum pumps were
installed. Two 89 cm diffusion pumps and cheverort baffles were tested
with a helium leak detector. Installation of chilled-water system for diffusion
pumps was also completed. The main control console, fabricated by ECIL,

was installed. Various control cables were laid and the MCB panels were
installed to feed AC and DC power supplies. Annunciator panels were
mounted and test-energising of some of the power supply units in the pit
from the control console was tried.
Beam Transport System: Fabrication of the steel core for the first switching
magnet is nearing completion. Winding of the aluminium conductor is in
progress. Steel castings and forgings for the analysing magnet are ready at
H EC, Ranchi, and machining of the core has been tendered. The machining
of the steel core and winding of the copper conductor coils for one
quadrupole magnet was completed at VEC Laboratory and another unit is
in progress. Fabrication of components for two pairs of collimator slits and
for four bending magnets was completed at VEC Workshop, Trombay, and
their assembly is in progress.
Data Processing: A PDP Unichannel-15 computer was procured and
installed at the VEC Laboratory. Work on various research facilities is
continuing at Trombay. A number of modular electronic units have been
fabricated in the Electronics Division, Trombay. A 4000 channel analyser
using IC logic is also under fabrication. Machining of 915 mm scattering
chamber is in progress. Features for a versatile PIG source, useful for both
light and heavy ion operation, have been finalised and engineering drawings
for its fabrication are underway. Special components such as vacuum-tight'
alumina insulators are being developed. A few sample A E detectors
have been fabricated at Trombay. A target making laboratory is being set
up at the VEC site.
The machine is expected to go into operation later this year.
R-5 PROJECT
Detailed design of the different systems and preparation of construction/
fabrication drawings are in progress. The foundation concreting work has
started. Excavation work for the foundation of the reactor building area
has been completed. Concreting of the raft for the reactor building was
started towards the end of October 1975.
Various experiments are in progress at ZERLINA and Apsara for the verification of the characteristics of the safety systems of the reactor and the
neutron flux measuring devices used to monitor the reactor power. Radiation
fields in the different areas for different operating conditions were estimated
by suitable shielding calculations and it was ensured that adequate protection to personnel is provided. A detailed evaluation of the cover gas system
was carried out, and it was decided to use helium as the cover gas. Studies
were made to determine îhe different types and amounts of radioactivities
that may be contained in the coolant system.
Fabrication and machining of the calandria main shell and inlet plenum was
started in the Central Workshops of the Centre. Evaluation of special
materials such as high density wood, epoxy resins and boral for their
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suitability for use in the reactor is in progress. Detailed stress analysis of the
different components is being carried out. Detailed flow sheets for the
heavy water and cover gas system, the process water system and the sea
water system were prepared. Model studies for the intake caisson of the
sea water system are in progress. Fabrication of Heavy Water process
water heat exchangers was started.
Development work on the fuel assembly was continued. Based on the
results obtained during the tests completed on the first three prototypes,
the design was modified and fabrication of two more new prototypes was
undertaken. Computer codes for thermal hydraulic and temperature
transient analysis of fuel were developed. Experiments to establish the
feasibility of using X-ray radiography and neutron radiography for the
inspection of irradiated fuel were carried out. Dstailed engineering design
and preparation of fabrication drawings of " on power " fuelling machine
were completed.
Detailed design of the reactivity control system was completed. A prototype
ion chamber and Campbell channel to be used in the reactivity control
system were fabricated and tested in Apsara. A computer code was developed to study the dynamics of the control system to evaluate the performance of the system to achieve smooth and stable reactor operation.
Process instrumentation design for the various systems of the reactor was
continued. For developing a method for failed fuel detection, experiments
are in progress in CIRUS. Health instruments such as alpha counters,
hand and foot monitors, halogen counters and iodine monitors were
designed and fabricated.
Layout and fabrication drawings for effluent collection system in the reactor
building were finalised and installation work at site is in progress.

PLASMA PHYSICS
MHD Power Generation Project : The year saw further progress in decision
making on crucial sub-systems like magnet, control systems and generator
for the proposed MHD experimental plant. Basic design of these systems
was nearly completed. Various diagnostic techniques like radio frequence
plasma conductivity probe and sodium line reversal temperature measuring
set-up have been developed. Work on the building of test facilities of
500 KW power input with combustion plasma and 100 KW argon plasma
duct is in progress. A lanthanum chromate-based MHD electrode material
has been developed.
Plasma Technology : Calculations for obtaining the rotating plasma characteristics are in progress. A 60 KW radio frequence oscillator was built and
tested at full power for fusing conducting ceramics. A 100 KW plasma
cutting torch was installed at the Central Workshops for carrying out 65 mm
thick S.S. cutting for the R-5 Project.
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Energetics : Work has been started on the design and development of
high voltage pulsed power sources. The range of high peak pulse generators
developed include high voltage Marx pulse generators upto 600 kilovolts,
pulsed high magnetic fields upto 300 kilo-oersteds in small volumes, and
capacitor energy banks upto 25 kilo-joules. These pulse generators, in
addition to their research potential, have a large number of industrial
applications. A programme has now been undertaken for the development
of million volt pulse generators using shock transformers, pulsed high
magnetic fields in extended volumes using Bitter magnets and large
capacitor energy banks.
Electron Beam Technology: A partial vacuum electron beam welder
(6 KW, 150 KV) is nearing completion. The prototype model has been
used to select electron gun and power supply designs. The work on the
portable partial vacuum welder with movable gun for R-5 Project is in
progress. A prototype machine with a rated power of 6 KW at 30 KV has
been set up. The electron gun is being tested on the prototype machine.
Here the emphasis is on the miniaturization of the electron gun. The machine
will ultimately have a power rating of 10 KW at 40 KV operating voltage.
The know-how for a 6 KW electron beam melting furnace was transferred
to M/s. Indo-Burma Petroleum Company Ltd. The first machine is being
assembled at M/s. IBP in collaboration with staff of the Section. With this
machine, it will be possible to melt refractory metals like tantalum, tungsten
and molybdenum, and reactive metals like zirconium and titanium.
LASER
Work on two types of high-power pulsed lasers, namely, neodymium glass
and CO2 was continued. A Nd : YAG oscillator operating in a single
transverse mode and giving 500 KW peak power was completed. A laser
triggered spark gap driving an electro-optic shutter is being used to obtain
2 nanosec. pulses from this oscillator. A laser amplifier using a 12 mm x 300
mm Nd glass rod was operated as a normal mode oscillator giving 30 Joules
output.
The plasma chamber incorporating numerous diagnostic tools required for a
preliminary laser plasma interaction experiment was fabricated and tested.
A linear profiled electrode system for a TEA CO2 laser was assembled and
tested for uniform discharges using 60 KV2 Marx generators. This system is
expected to give laser output when used with suitable reflectors. A three
stage TEA discharge system with approximately 120 cm active length has
been designed.
,
^ :
Laser action at 5 micron wavelength has been achieved in carbon monoxide.
The system is being optimised for maximum power. Two more improved
nitrogen lasers .have been made. The effect of various gases on nitrogen
;
laser performance was studied.
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Thin film angularly deposited semiconductor (Te, CdS) photo-detectors to
detect fast laser pulses were fabricated on an experimental basis, with
response and rise time comparable to those for high-melting metal-film
detectors recently developed abroad.
ELECTRONICS
The activities of the Electronics Division mainly comprise nuclear, reactor
and medical instrumentation, and radioactivity standardisation.
Nuclear Instrumentation : Sophisticated electronic instruments required
for advanced nuclear experiments are developed by the Division. A specially
designed low-noise preamplifier with drain feedback technique was
developed for use with solid state detectors in high-resolution spectrometry.
A Constant Fraction Timing Single-channel Analyser has been developed.
A leach hull detector system was supplied to PREFRE. Also, a ramp generator, a pseudo-random pulse generator and electronics required for a position
sensitive detector were fabricated and supplied. An enrichment analyser
with digital readout has been developed which is used for assessing the
enrichment of reactor fuel rods manufactured at NFC. Several multichannel
analysers were developed and supplied to various users. A 400 channel
analyser with I.C. technology was supplied to Indian Scientific Satellite
Project (I.S.S.P.), Bangalore, for calibrating all the on-board detectors
incorporated in India's first satellite ' Aryabhata.' A 1024 channel analyser
with 100 MHz ADC and a computer compatibility through a magnetic tape
drive unit was thoroughly and critically tested by a specially appointed
users' evaluation committee and were found to be completely satisfactory.
A computer-based analyser has been fully developed with a 50/50 mode
of operation with a 1024 channel analyser in the foreground for data
acquisition, and a Texas Instruments 960A Minicomputer in the background
for data processing. Design and development for an advanced microprocessor based data acquisition system is in progress. Special techniques
are developed for signal processing applications in bio-signal analysis,
dynamic analysis of structures and vertical balancing of satellites.
Reactor Instrumentation : The nucleonic, health and safety instrumentation
required for R-5, FBTR, RAPS and TAPS reactors are being: developed
and fabricated. Various instrument modules for interfacing the nuclear
instruments with computers (CAMAC) are being developed. An event
analyser system for studying the sequence of events which led to a shutdown of the reactor was fabricated for TAPS. Also, a Failed Fuel Detection
System was fabricated and installed at RAPS. The information generated
by these instruments is computer compatible. Area monitors, prototype
nucleonic channels and Campbell channels for R-5 were fabricated and
tested. A delayed neutron channel for FBTR was completed. A data logger
and recording annunciator system for RAPS was fabricated,.tested and
installed at site and is now fully operational. This is a versatile digital data
acquisition system which can be used for monitoring and recording various
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physical parameters and electrical conditions in the reactor. An IC version
of the data logger is being developed.
Medical Instrumentation : A Fast Medical Scanner with a maximum scan
speed of 500 cm/min. using a 12.7 cms. x 5.08 cms. scintillation detector
with dot and photoscan facilities was fabricated to suit the different clinical
conditions of the various organs under study like liver, thyroid, kidney, brain,
etc. Due to its fast scanning speed, short-lived isotopes can be used as scanning agents reducing considerably the radioactive dose to the patient. A Signal
Processor for studying electromyographic signals (EMG) using the principle
of amplitude-to-turns ratio has been developed and is presently undergoing
clinical trials at KEM Hospital in Bombay. The system can be used to
evaluate objectively clinical cases of muscular dystrophy and those with
neuropathic lesions. An instrument for the analysis of bio-electric potentials
has also been developed.
Radioactivity Standards: The Radioactivity Standards Section of the
Electronics Division has joined the International Committee for Radionuclide Metrology (ICRM) which is a newly created international body for
studying meteorological problems arising from the world-wide development
of applied radioactivity and nuclear power. The Section has established
many primary national standards of radionuclides such as cobalt-60,
cesium-137, mercury-203, etc. It has also established primar/ national
standards for gamma exposure and neutron sources such as Am-Be, Z5zCf,
etc. A primary standard of mercury-203 was sent to the IAEA for the international intercomparison programme and the results are in agreement
within 0.2 per cent. A Precision Long Counter is being set up as a secondary
standard for the calibration of neutron fluxes having energies in the range
from a few keV to a few MeV. The calibration of several Boron Chambers
and BF3 counters for use in power reactors was done and their thermal
neutron efficiency and gamma sensitivity have been measured.
An engineering model of Automatic Warning System (AWS) for diesel
locomotives was fabricated and handed over to the RD & SO, Ministry of
Railways, Lucknow, for field trials. Display instrumentation required for
non-destructive testing applications is being developed. Hollow cathode
lamps with different cathode materials, pocket dosimeters and different
types of GM tubes, including high temperature and high efficiency types,
were fabricated.

OPTO-ELECTRONICS
Opto-electronics Section continued production of image converter tubes
on pilot plant scale. Preliminary work on the fabrication of devices for
passive night vision was almost completed. These devices norrpally comprise, either a cascade of three image intensifier tubes or á single stage
intensifier incorporating a channel electron multiplier plate. Work on both
these systems is underway. Efforts are being made to develop the latest
30

and most efficient type of photocathodes viz. negative electron affinity
photocathodes. Single crystalline films of GaAs have been grown for
this purpose. A. U.V. photoelectron spectrometer was designed and set up
for investigating the basic properties of photoemissive materials. With a
view to acquiring design capability of image intensifier tubes, study of
electron optics was initiated. A demountable vacuum system for an experimental study of electron optics of image converters and image intensifier
tubes was designed and set up. Computer programme for studying the
theoretical aspect of the problem is nearing completion. Efforts are also
being made to develop vidicon camera tubes.

INSTRUMENTATION
The Technical Physics Division is engaged in research and development
of sophisticated instruments such as mass spectrometers, ultra-high
vacuum surface analytical instruments, large-size vacuum pumping systems'
crystal growth techniques, process electronic instrumentation, NMR
spectrometers, radiation detectors, cryogenic hardware etc. The conventional
high-vacuum components and systems have been passed on to M/s. IndoBurma Petroleum Co. Ltd. for commercial production.
In the field of ultra-high vacuum technology, a large number of systems
have been developed. The production of components has been streamlined
and brought to the stage of commercial prototypes. Evaluation of materials
for use under ultra-high vacuum conditions is being routinely carried out.
A large-size aluminium coating plant (150 cm<j>x 180 cm length) is in an
advanced stage of assembly and testing for the Indian Institute of Astrophysics, Bangalore. A good number of compact high-vacuum pumping
modules have been designed for various applications.
Development of mass spectrometers for isotopic ratio measurements using
double collector system and quadrupole mass separators was taken up.
The prototypes are ready and the production will start shortly. An industrial
version of argon leak detector has been completed.
in the field of cryogenics, a 50 litre Dewar using super-insulation for the
storage of liquid nitrogen has been designed and fabricated. Production of
cryogenic machines is on hand.
Development of calcium fluoride single crystals as membrane electrodes
has reached prototype stage and the results are comparable with the
theoretical values. Growth of several crystals like KDP, ADP, Ge, various
types of alkali halides was continued. A large number of nuclear and
infrared detectors were fabricated and supplied to various users.
Work on lock-in amplifiers, digital instruments, electromagnets, NMR
electronics etc was intensified and a large number of instruments are now
being produced for various applications. 6 0 0 x 5 KW DC power supplies
are being fabricated for the Integral Thermal Facility.
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The Technical Physics Division has undertaken the designing of a space
simulation chamber (thermovacuum chamber) for the Indian Scientific
Satellite Project. Basically, it consists of a high vacuum SS chamber 2 . 0 m
diameter x 2.5 m length with a thermal shroud of copper. The chamber has
been designed to operate at a working pressure of 5 x 10"6 torr. and in the
temperature range 170-400° K. The chamber door is dolly-mounted and
contains an integral cantilever arrangement for suspending the test loads in
the shroud. The vacuum system consists of 3 oil diffusion pumps (7000 l/s)
with necessary accessories like liquid nitrogen cooled chevron baffles,
electro-pneumatically operated gate valves etc. The thermal part has a
provision for circulating cold gaseous nitrogen at high pressure. Heat
exchangers, cryogenic pumps, gas booster pumps, superinsulated lines,
valves,, safety devices have also been provided for increasing the overall
operating efficiency. It is now proposed to undertake the fabrication of the
cryogenic hardware.
Production of various items such as sorption pumps, sputter ion pumps,
field emission microscope, UHV systems, pumping modules, vacuum
measuring units, digital electronic meters, lock-in amplifiers, helium leak
detectors, sodium iodide scintillation crystals, ADP/KDP crystals, PbS
various types of nuclear detectors and electro-magnets is being carried out.
An on-line computer-control led 4-circle neutron diffractometer system
designed and built indigenously, the first of its kind in the country, was
commissioned at Cl RUS. The computer is a TDC-312(4K). Using surface
barrier detectors, 6 Li,3He and proton reoil spectrometers are being developed.
Among the instruments designed and fabricated by the Spectroscopy
Division are : a rotating sample holder for the Raman Spectrometer; a
dual detector gas analyser unit ; a multiple reflection assembly for the study
of laser-excited fluorescence spectra in gases; a holographic set-up; a
refracting telescope with a 4" (10.16 cms) dia. aperture objective lens for
making observations while cutting reactor fuel rods. Several optical components were fabricated for use in fields like infrared, flash photolysis,
lasers and so on. A 10.66 m. Eagle mount grating spectrograph was
assembled using a number of locally fabricated components.
Instruments developed and fabricated by the Analytical Chemistry Division
include a special coulometric cell for SO2 monitor; a six-way sampling
valve for gas analysis; thermoluminescence recording equipment with
temperature programmer; a gas density balance detector for gas Chromatographie studies and a mercury analyser based on atomic absorption
technique.
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The Radiochemistry Division designed and fabricated an on-line neutron
monitoring assembly using annular BF3 counter for the estimation of
plutonium in fuel reprocessing streams. A waste drum scanner to assay
plutonium in solid waste and scrap stored in cans was also fabricated
a n d

standardised.
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The Division of Radiological Protection developed and fabricated a number
of instruments and devices including a clinical dosimeter with a rectal
probe, a portable sub-coil exposure rate-meter, a new infra-red gas analysis
system and continuous air-monitors of various types.
Equipment designed and fabricated by the Reactor Control Division include
the following:
X-Y Antenna Drive for SAC: The servo system for the X-Y high speed
tracking antenna for SAC was completely fabricated and laboratory tested.
The system will be installed at the site in a few months when the antenna
being erected by SAC is ready for being interphased with the drive system.
Dehradun Communication Satellite Tracking Antenna Drive*. The precision
servo system for the 30 metre cassegranian antenna of the Dehradun
Earth Station for automatic tracking of INTELSAT TV communication
satellite was fabricated and tested and is being installed at Dehradun.
This earth station will enable fast and efficient communication between
India and other countries of the world, especially for traffic originating
in and around Delhi.
Traction Motor Controller for Indian Railways: Detailed design for the
thyristor drive system for the simultaneous control of two 1420 H. P.
drive motors of the 25 KV AC WAG1 type electric locomotives was completed and fabrication is in progress. This type of control will ensure not
only very smooth operation but also substantial savings in energy consumption as regenerative braking is incorporated.
Coordinate Printer: A coordinate printer for the Survey of India was fabricated and installed at Hyderabad. This equipment will replace the existing
unit which was imported. As the Survey of India will! require about twelve
such equipment, the know-how is being passed on to ECIL for commercial
production.
The Health Physics Division completed the Î10-ton large.steel room,
which is among the largest facilities öf its kind, at the Low-Level Couriiing
Laboratory at Trombay, Shadow shield whole body radibactivity monitors
were fabricated and installed at the Health Physics! units at Tàrapúr and
Kalpakkam. An instrument was developed for measuring thermally: stimulated
exo-electron emission from irradiated BeO ceramic discs. A battery-operated
alpha counter using LED display was developed for field use.

RELIABILITY

EVALUATION

LABORATORY

1

Í

During the year, the Reliability Evaluation Laboratory received about
150 requests for environmental electrical testing of a variety of electronic/
electrical and other items and 35 requests for electrical calibration. 1rs
addition, it undertook the responsibility for .'^standardisation for use irv the
Centre, testing of cpntinupgsjy variablevoltage áutpTtransformers, domestic
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switches, geysers and heating mantles. The laboratory participated in the
standardisation activities of some committees of the Indian Standards
Institution. The Laboratory is studying the applicability of the step-stress
model to electronic components like diodes, carbon film resistors and
ceramic, mica, polyester and electrolytic capacitors, etc. Reliability analysis
of reactor shut-off systems and digital computer is being initiated. Computer programme for the computation of reliability and availability of
complex systems with delays has been prepared. The work connected
with parts and human reliability data is in progress and eleven digit code
for the codification of all types of capital equipment in the Centre has beers
prepared and the capital equipment is being coded accordingly.
SEISMOLOGY
The Gauribidanur Seismic Array was in continuous operation. All the major
underground nuclear explosions were detected and identified. The Microbarograph System was also operating continuously.
An ECIL made TDC-12 computer, interfaced with the Seismic Array,
detected most of the teleseismic events (about 65 percent of the total) and
gave a printout of the location and the magnitude of the source.
A statistical analysis of the seismic signal amplitudes of some of the major
underground nuclear explosions at various sites, detected by GBA, was
carried out and the attenuation factor for the seismic signals «travelling
these paths determined.
The seismic data transmission facility between Gauribidanur and Trombay
is being augmented by the addition of Frequency Shifted Key System
(FSK System) to the existing wireless link. Digital data could be transmitted
between Gauribidanur and Trombay in the absence of noise interference.
The world-wide seismic data of Kinnaur earthquake (Himachal Pradesh)
of 19th January, 1975 was analysed. It is found that the focal mechanism
of this earthquake is characterised by a normal fault.
Shock test experiments were carried out on an indigenously produced
battery by subjecting it to a high deceleration (about 50 times that of
gravity) lasting for a period of about 10 milliseconds.
RADIOISOTOPES
The year under review has been yet another year of progress for the isotope
programme, with the applications and uses of radioisotopes registering
continuing growth in many areas of socio-economic significance to the
country.
A significant achievement in the developmental work in the field of radiopharmaceuticals has been the production of radiòpharmaceutical kits for
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applications in the early diagnosis and management of diabetes. It is
estimated that 60 to 70 thousand patient investigations have been carried
out in 1975 using radiopharmacouticals supplied by the Isotope Division.
In the field of teletherapy, over 40,000 curies of cobalt-60 have been
processed and supplied for 11 teletherapy units in this country. Another
important breakthrough achieved has been the introduction by the chemical
industry of two of the major radiation processes for commercialisation.
Orders to the tune of about twenty lakh rupees have been received for
setting up of two panoramic batch irradiators housing 100,000 curies of
cobalt-60.
Sale of radioisotopes and radiation services continued to show an upward
trend. A large number of industries and institutions were added to the list
of isotope users, bringing the total number of isotope users in the country
to about 650. The sale value of radioisotopes, equipment and services
during the year totalled about Rs. 68 lakhs. In all, 33,000 radioisotope
consignments were despatched during this period, including 28,000
consignments for medical use and more than 2,500 consignments for
industrial applications. The export component of this sale is about
Rs. 2 lakhs.
Radiopharmaceuticals : An important advance in the radiopharmaceutical
programme has been the development of the Insulin Radio Immuno Assay
Kit which is particularly useful for small and medium scale clinics for
immediate diagnostic application. These kits have been extensively evaluated
at several medical research centres. These kits enable investigations to be
carried out very rapidly and at low cost and are ideally suited for outpatient clinics in large public hospitals. They incorporate several features
such as simplicity of operation, extreme sensitivity and economy.
Significant progress has also been made in the development of labelling
methods and separation procedures for the preparation of Radio Immuno
Assay (RIA) kits for the hepatitis associated Australia antigen, human
placental lactogen and human growth hormone. The characterisation of
pure antigens and kits evaluations are being carried out in collaboration with the Haffkine Institute and several major hospitals in the
country.
As a result of the detailed evaluation, in collaboration with many prominent
nuclear medicine centres in the country, specifications for a number of
important short-lived generator-produced radiopharmaceuticals have been
finalised. These include "Tc human serum albumin microspheres, pyrophosphate, gluconate and indium-113 compounds. These kits have proved
to be highly useful and informative in such vital diagnostic procedures as
detection of pulmonary embolism, bone, liver and brain scanning and
kidney function evaluation.
A procedure has been developed for the preparation of carefully graded
sizes of human serum albumin microspheres which can be labelled with
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technetium-99m and indium-113m. This versatile method is based on the
spheridization of human serum albumin into microspheres of pre-determined
sizes using spinning disc.
Radiation Sources: Work was taken up on the development of suitable
radiation sources for intra-cavitary cancer therapy and of applicators for
the treatment of cancer of the uterus. Ceramic sources of caesium-137
sealed in stainless steel needles and tubes of about a millimeter in diameter
have been prepared. Over 26 sources are now in regular use at the International Cancer Centre, Neyyoor, Tamil Nadu.
The year witnessed an impressive growth in the utilisation or radiation
sources of cobalt-60 in medical therapy. Radiation sources containing
over 40,000 curies of cobalt-60 were supplied for teletherapy units all over
the country. In addition, about 2,560 consignments of cobalt-60 medical
tubes, gold-198 grains etc. have been delivered to various hospitals and
clinics in India.
Radiochemicais: A simple and convenient method has been developed
for the separation of palladium-103 from silver-111 using the inorganic
exchanger poly-antimonic acid. Pure palladiurn-103 thus obtained has
been successfully used in an IAEA project on aerosol uptake studies. Development of a method for the production of high specific activity PCI3
labelled with 32P has been a significant achievement. This and labelled
fertilizers such as tri-ammonium pyrophosphate, calcium phosphate,
nitrophosphate and superphosphate labelled with 3 I P, ^Ca or 32S
continued to be supplied to various research institutions and universities
in the country.
One hundred tritium targets were supplied for use in neutron generators,
electron capture detectors and for a number of industrial applications,
including smoke detectors and static charge eliminators.
Labelled Compounds : A number of new products like L-arginineguanidinoI4
C, thiourea-MC, < - amino butyric acid-(U)- M C etc. have been added
to the existing list of H C and tritium labelled compounds. A simple procedure
was developed for the preparation of L-lactic acid (U) " C from L-alanine
(U) " C by nitrous deamination using ion exchange resin in place of
mineral or organic acids. A novel approach to the synthesis of labelled
amino acids is being investigated using labelled hydroiodic acid.
Work has been initiated on the development of tritium labelled kits for
the determination of trace concentrations (10"l2g) of hormones, steroids
and enzymes in physiological fluids by competitive protein binding (CPB)
and radioimmunoassay (RIA) techniques.
Radiation Technology: An important milestone in the radiation applications technology was reached during the course of the year With firm
orders worth Rs. 20 lakhs received from wood and plastic processing
industries for two high intensity cobalt-60 panoramic batch irradiators.
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These two irradiators, each housing upto a maximum of about 100,000
curies of cobalt-60, are being set up in Haryana for scale-up studies for
the production of polyacetal by the radiation polymerisation of trioxane
and in Kerala for the development of wood plastic composites. The irradiators will also be used for other radiation processing applications. Besides,
a number of standard gamma irradiators (like Gamma Chamber 900)
have been supplied to various research institutions. One such unit costing
Rs. 1.0 lakh was exported to the Veterinary Science and Research Laboratory, Baghdad, Iraq.
Industrial Isotope Radiography: A distinct contribution to industrial isotope
radiography has been the development of the much-needed high activity
iridium-192 camera with teleflex cable drive. This is capable of housing
upto 150 curies of iridium-192 and can meet many intricate inspection
requirements, particularly in the fields of aviation and marine navigation.
A special cobalt-60 camera known as the Collimated Beam Camera (CBC5000) has been built for a strength of 5000 Ci of cobalt-60 and is presently
undergoing tests for the evaluation of a number of functional parameters.
Specialised radiography services have been provided to Air India, Indian
Airlines, and Hindustan Petroleum.
Radioisotopic Instruments: Significant progress has been achieved in
improving the sensitivity of the Radioisotope Smoke Alarm (RISA) system.
The system can detect cumbustion gases and smoke from PVC, Teflon and
other plastic fires. These units are now being installed in many institutions
and industries. Production of these units has been taken up on a commercial
scale to establish the technology of high quality production at reasonable
cost.
The leak detector system using sulphur hexa-fluoride as tracer has been
modified to include continuous mode of operation with a high sensitivity,
for detection of leakage rates of the order of 10'9 cc/sec or (1 cc in 30
years). Studies on ventilation and air turnover rates in closed rooms and
diffusion cf stack gases in the atmosphere using this trace gas analyser have
been taken up. The system is being further improved to detect sulfur
dioxide and other pollutants in air and a pulse mode of operation is incorporated to improve its sensitivity in the intermittent mode of
operation.
A non-contact weight gauge was developed using a caesium-137 source
with pneumatic controls and installed in the works of a Bombay firm
making detergents. The system reduces waste and maintains uniformity
in product weight inside the packages.
A portable unit for identification of molybdenum steels (stainless steel
316) on the shop floor has been developed based on X-ray fluorescence
analysis using americium-241 sources. The system utilises Geiger Müller
counters and filters for selective detection.
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Gamma ray level switches for the control of various process parameters
were supplied to a number of firms. New systems control are. being deve*
loped for measurement of weight of zinc mineral on conveyor using gamma
sources. Beta scattering and transmission gauges are being developed
to assess corrosion in pipe lines and wall thickness measurement in areas
of limited access.
A programme has been undertaken, in collaboration with the Nuclear
Physics Division, for the development of a neutron probe -for oil well
logging applications. This probe, which is of vital importance in modern
oil field extraction work, is presently being imported. A few tubes have
been designed and fabricated and are undergoing tests in the laboratory.
Hydrology: Radioisotopic tracers have been successfully used to study
the seepage problem in the underground drifts of the Kadana dam under
construction in Gujarat. The study has revealed the existence of the seepage
from the upstream side.
A series of laboratory experiments have been carried out to study the
applicability of K3 6oCo(CN)6 as a radiotracer for tracing soil moisture
movement. The results indicate that the labelled cyanide tracer has many
advantages over the commonly used tritiated water tracer.

ISOMED
ISOMED (Radiation Plant for the Sterilisation of Medical Products) offers
radiation sterilization service to manufacturers of medical products, and
hospitals. Some 40 institutions are now availing of the irradiation service
on a regular basis. About 970 cu. metres of medical products, including
surgical sutures, blades, gauze dressings, absorbent cotton wool, transfusion
and infusion assemblies, catheters, prostheses, ophthalmic ointments,
intra-uteri ne devices, etc. were sterilized during this period.
Research and development work was carried out to investigate the feasibility of radiation sterilization of pharmaceutical products. Apart from
physico-chemical investigations carried out at ISOMED, pharmacological
and clinical studies on the irradiated products were carried out at the
Department of Pharmacology, Grant Medical College, Bombay. Based
on the data submitted to the Food & Drug Administration, radiation sterilization of fluorescein sodium strips, chloramphenicol eye ointment and
penicillin eye ointment has been approved. Feasibility studies; for radiation
sterilization of urea, ointments of neomycin with hydrocortisone, chloramphenicol with prednisolone, dressing powder containing] neomycin, bacitracine and sulphacetamide are in progress.
METALLURGY
The Metallurgy Division has been engaged in major programmes on (i)
flow-sheet development for the production of rare metals, alloys and
-,
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special materials of interest to the nuclear programme, electronics and
other industry, (ii) physical and mechanical metallurgy of zirconium and
titanium alloys, (iii) inter-metallic diffusion and radiation damage studies,
(iv) fine particle technology and .powder metallurgy, (v) development of
nuclear ceramic materials, high alumina compositions, and ; electrical
ceramics, (vi) corrosion behaviour of zirconium alloys in high temperature
water, and selected alloys in sea water systems, and (vii) electro-winning
and electro-deposition oi metals.
Good progress was achieved during, the year on process development
relating to a variety of strategic materials, including titanium, niobium,,
tantalum, boron, beryllium, and their alloys. In the Titanium Pilot Plant
programme, a major achievement was the commissioning of the 300 mm
dia. fluidised bed chforinator—incorporating internal heating through
combustion of ccko—for the production of TiCI4 at a rate better than 20kg/
hour. About 16 tonnes of TiCI4 have been produced so far. For the electrolytic production of titanium metal from TiCI«, employing an alkali chloride
fused salt bath, an internally heated, refractory-lined 1000 amp. electrolytic
cell has been assembled and successfully tested. Laboratory-scale experiments have been successfully carried out on the reclamation of zircaloy
and titanium metal scrap by fused salt electro-refining. Flow-sheets have
been developed for the preparation of boron-carbide, aluminium-35%
boron carbide (boral) sheets to be used as thermal neutron shield, and
aluminium-80% boron carbide hollow cylindrical composites as possible
shut-off rod material for the R-5 reactor. Programmes on the preparation
of copper-clad Nb-Ti wires for super-conducting application and of
Cu-Be alloys.(from Indian beryl) for the electrical and electronic industry
have been continued. The preparation of beryllium metal shapes by hot
pressing of beryllium powder is under investigation.
A hew Transmission Electron Microscope and a Scanning Electron Microscope were installed and commissioned during the year. The Transmission
Microscope is being used for studying phase transformations and precipitation phenomena in zirconium, titanium and tantalum systems, and the
Scanning Electron Microscope for studies on failure analysis of power
plant components, and fractured zircaloy tubes etc. and characterisation
of fine metal powders. Programmes on internal friction measurements in
zirconium base alloys to establish interstitial substitutional solute interaction,
and inter-diffusion studies in various metal systems using the electron
microprobe have been continued. Detailed studies have been undertaken
with zircaloy-2 to correlate its thermo-mechanical treatment with the final
grain structure and mechanical properties. In the context of the development
of Zr-Nb alloys, a consumble electrode arc furnace assembly, with electrode
feed and power control, is being commissioned. A freezo-drying unit has
been designed and commissioned for the preparation of ultrafine particles
of metal compounds for further conversion to fine metal powders required
in the preparation of porous metal components of controlled porosity. A
study on the generation of helium bubbles on neutron irradiation of copperboron alloys has been completed.
'
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A comprehensive investigation has been undertaken to establish a reliable
and reproducible correlation between uranium oxide powder production
practice, powder characteristics and sintering behaviour. This programme
would also include a critical assessment of the influence of morphology,
crystallinity and surface activity of the UO2 powder on its sintering behaviour.
Flash-heating of UO2 powders and densification of sintered UOZ pellets
on refiring at higher temperature are other aspects under study.
It has been possible to prepare and fabricate high purity single phase
barium titanate compacts of very high dielectric constant and low dissipation
factor, starting with barium titanate powder obtained from barium titanyl
oxalate. Development programmes on high density high alumina bodies
and impervious mullite for industrial applications, and basic research
programmes on the sintering behaviour of magnesium oxide and beryllium
oxide have been continued.
The corrosion behaviour of several potentially interesting zirconium-base
alloys in high temperature water and steam has been studied and compared
with that of zircaloy-2. A programme has been initiated to study in detail
the stress corrosion cracking behaviour of zircaloy fuel tubing. Extensive
corrosion testing has been carried out with aluminium-base alloys, copperbase alloys, cupro-nickels, stainless steel and cast iron in saline media in
order to select materials for service in desalination plants and sea water
cooling systems. In the electro-metallurgy programme, work is in progress
on the preparation of individual rare earth metals and cobalt rare earth
magnet alloys by fused salt electrolysis, and on the electro-deposition of
copper-alumina, nickel-alumina and nickel-titania composites.
RADIOMETALLURGY
The major job in hand is the fabrication of mixed oxide fuel pins for the
FBTR under construction at Kalpakkam and the facility is being expanded
to acquire the capacity for carrying out this work. The construction work
for the expansion of the Radiometallurgy Laboratory is nearly completed.
Development work for the fabrication route for mixed oxide fuel is in
progress. A flow-sheet has also been developed for the fabrication of
uranium-plutonium monocarbide, a potential fast reactor fuel. The installation of a high#voltage electron beam welding machine for the fabrication
of aluminium-plutonium alloy booster fuel elements is in hand. The hot
cell facility has started post-irradiation examination of the oxide fuel elements irradiated in the Cl RUS pressurised water loop.
SPECIAL MATERIALS
The Chemical Engineering Division is engaged in the development of
processes for the extraction and refining of nuclear materials—uranium,
thorium and zirconium, preparation of stable isotopes, labelled compounds,
and semi-conductor grade silicon, separation of rare earths and feasibility
studies on the recovery of helium.
.
.
:
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In the Uranium Metal Plant, production of nuclear-grade uranium metal
ingots for making fuel elements for CIRUS was continued. Full-scale
trials on producing the metal by magnesio-thermic reduction in place
of calcio-thermic reduction being followed presently, have been carried
out, with encouraging results. A project report on expansion of the Plant
for meeting the requirement of uranium metal for the R-5 reactor is under
preparation.
In the Ore Extraction Section, studies on the recovery of uranium from
low-grade ores, including Surda copper tailings, were carried out. Experiments on the oxidation of ferrous iron by bacterial action are being
conducted in an effort to reduce the reagent cost in the leaching of uranium
from the ores. For the recovery of uranium in low concentrations from
solutions, the precipitate flotation technique has been tried. Studies on
samarium concentration by solvent extraction from the samarium-gadolinium fraction obtained during the concentration of yttrium from mixed
rare earths, were carried out, using di-ethyl hexyl phosphoric acid as the
solvent. A process for the preparation of tributyl phosphate by the action
of phosphorus oxychloride and butanol was developed on a laboratory
scale.
A pilot plant for the preparation of semi-conductor grade poly-crystalline
silicon was set up and trials on trichlorosilane preparation and purification
were started. In crder to utilise the by-products from this process, studies on
the preparation of higher organo-silicates like octyl silicate were conducted.
A pilot plant consisting of mixer-settler assemblies was set up for the
recovery of uranium and preparation of nuclear-grade thorium nitrate
from the thorium-uranium concentrate obtained from monazite processing,
and trials were started. Laboratory-scale studies on the preparation of
sinterable thorium oxide by the sol-gel process are in progress.
Experimental work for the development of a process and design of equipment for large-scale production of zirconium compounds was continued.
A pilot plant for studying the recovery of helium from monazite was set
up at the indian Rare Eartus Plant at Alwaye and trials are being conducted.
Work on obtaining gas samples from thermal springs, purge gas from
ammonia synthesis piant using natural gas feed stock, and the air liquefaction plant and analysing them to determine the helium content, was
continued.
Studies on the separation of the isotopes of boron, carbon, nitrogen and
argon were continued. Production of nitric acid containing upto about
60% ISN was carried out in the Nitrox Pilot Plant. From this acid, compounds like urea, ammonium sulphate etc., were prepared and supplied
to various organisations, including the International Atomic Energy Agency.
The design of a thermal diffusion column for enriching carbon-14 in
methane was carried out and work for setting up the column is in hand; :
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Preparation of deuterium-labelled compounds and the scintillation chemicals
PPO (2-5 diphenyloxazole) and POPOP ( 1 , 4-di,2-(5- phenyloxazolyl)
benzene) was continued to meet the requirements of various institutions
in the country- It is proposed to step up the production of N-phenacylbenzamide, the key intermediate in the preparation of PPO and POPOP,
in view of the increasing demand. Arrangements have also been completed
for starting the preparation of plastic scintillators.
Studies on the production of fluorine in a small-scale electrolytic cell
using KF-HF as electrolyte were continued. Based on the experience of this
cell, a bigger cell was designed and its fabrication is nearing completion.
The experimental set-up for the preparation of sulphur hexafluoride was
fabricated and assembled and a few trials have been taken. Further studies
on the preparation and purification of SF6 for use in accelerators and
high voltage electrical equipment are being continued.
ORE DRESSING
The by-product recovery plant at the Uranium Corporation of India Ltd.,
Jaduguda, commissioned in November 1974, is now working in 3 shifts
producing molybdenite concentrate assaying 40-45% Mo and chalcopyrite
concentrate assaying> 25% Cu.
The full complement of 20 full-size tables were installed in the Surda
uranium recovery plant. The plant is now operated in 3 shifts and a concentrate assaying 0 . 1 % U3O8 with about 35% recovery is being produced
from a feed assaying 0.009% U3O8.
Among the important mineral dressing investigations being carried out
are: (i) recovery of pyrochlore from Sevattur carbonatite, (ii) niobiumtantalum values from Bhavanipur eluvial ore and (Hi) copper ore from
Kalyadi. A detailed project report incorporating the data required to set
up a flotation plant at Chitradurga has been prepared.
The R & D programme which forms the major part of the activities of
Ore Dressing Section includes detailed mineralogical and petrological
studies of ores and surface chemistry, Petrological studies on copper and
uranium ores from Singhbhum shear zone have indicated that uranium
occurs in several generations. The economically important mineral is
however, uraninite. The collector-regulator interaction studies on apatite,
calcite, quartz, chert and pyrochlore were carried out using CM-labelled,
oleic acid as collector arid sodium silicate and sodium phosphate as modifying agents. The adsorption of oleic acid by chert is found to be relatively:
lOW.
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In the field of desalination, work on the project desalinatior experimental
facility based on the multi-stage flash distillation(MSF) process has
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progressed on the following lines: Installation of major equipment such
as flash chamber and other heat exchangers is in progress. Installation
of steam line is in progress and work has been initiated for the installation
of the other process lines. Fabrication of storage vessels is in the final
stages. The plant is scheduled to go into operation by the middle of
1976. Operation of the Vertical Tube Evaporator Plant was continued.
Detailed study on the mechanism of heat transfer and pressure drop in
various corrugated tubes was carried out and an optimum geometry was
evolved.
Procurement of standard equipment and materials for the shipborne
desalination plant is in the final stages. Shop drawings for fabrication of
the unit have been finalised 'and related activities are underway.
Development of concentrating and non-concentrating type solar collectors
to be used for brine heating in distillation desalination is underway. A
techno-economic feasibility study for MSF distillation desalination plant
(45,000 litres/day) utilising solar energy has been carried out.
On a request from M/s Bharat Heavy Electricals Ltd., design specifications
and estimates for a 1000 cubic metres per day, and a 10,000 cubic metres
per day desalination plants for Libya were prepared.
Studies on continuous monitoring of chemical control parameters in a
desalting plant were completed and studies relating to the use of inhibitors
for various controls are in progress. Salt enrichment studies by osmosis
and reverse osmosis were completed on laboratory scale and a bench-scale
unit is under fabrication. Work on the preparation of polyamide membranes
for reverse osmosis has been started. Hollow fibre and tubulet samples
have been developed and their properties are being evaluated. The homogenous and heteroyenous electro-dialysis membranes developed
earlier have since been found to be suitable for brackish water desalination.
Fabrication of a 50,000 litres per day capacity reverse osmosis pilot plant
based on tubular design and a 1,000 litres per day unit based on shell
and rod design is in the final stages.
ELECTROTHERMAL PHOSPHORUS
Civil, electrical and ventilation works for the phosphorus plant are in the
final stages. All the equipment and machinery are being installed and testing
has been started. The lining of the 600 KW electric arc furnaces is being
done with indigenous carbon block refractory. Electrode sealf; electrode
control drive mechanism, feed chutes; arid otherconhections on the furnace
are nearing completion. Trial run and safety procedures have been
finalised. Testing of individual systems is in progress. : ; .'.',:.'
/
Efforts are underway for the commercialisation of the indigenously developed process know-how for manufacturing carbon blocks, an imported
refractory required for furnace lining.
i
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Electrolytic Hydrogen
A 300 litres/hr capacity hydrogen pilot plant comprising a multi-cell module
using indigenously developed porous nickel electrodes was put into
operation.
In 'he field of fuel cells, an oxy-hydrogen and an oxy-hydrazine fuel
cell units have been assembled and operated satisfactorily. Improvements
to augment power density are being incorporated. Work on the use of
hydrogen as a fuel for automatic traction, along with a hydrogen containment system using metal sponges, inter-metallic compounds of misch
metal and materials such as vermuculite is underway.
Development of porous ceramic base and other components of high
temperature vapour phase electrolysis cell/fuel cell is in progress.
Spectroscopy
Spectroscopy Division has facilities to study and interpret spectra for
atomic, molecular and solid state studies from the X-ray to the infrared
region of the electromagnetic spectra. There are various spectrographs
having different light gathering power, dispersion and resolution and
various types of excitation sources. X-ray fluorescence unit, infrared
spectrophotometer, bent crystal X-ray spectrometer, laser Raman spectrometer, Fabry-Perrot interferometer and flash photolysis unit are some of
the more sophisticated equipment.
During the year, a 10.6 m. grating spectrograph was assembled. This
equipment, with its high resolving power, will be very useful in studying
the finer details of complex spectra.
The Division has been analysing special materials needed for electronics,
reactor and semi-conductor technology. About 1800 samples were analysed
during the year, involving 9500 determinations. Majority of the samples
were of uranium, uranium oxide, thorium and rare earths.
Quantitative spectrographic methods were developed for the determination
of common impurities and rare earths in calcium flouride which is used
for furnace lining. New spectrochemical methods were worked out for
the determination of Co in mild steel, Zr arid Sn in indium solutions and
impurities in diammonium hydrogen phosphate, stainless steel and calcium
tungstate.
X-ray excited optical fluorescence technique was employed to detect
traces of nitrogen in argon, to indicate the presence of 7 Eu 2+ and Eu 3+
in CaF2 crystals and also rare earths in certain minerals. X-ray fluorescence
technique was employed for the analysis of; Pt— Rh alloys, Pt and Pd in
solutions, ThO2, Y2O3 and ZrO2 in river sand, praseodymium oxide,and;
cupro-nickel alloy.
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Many of the analytical methods developed in the Division helped various
projects of the Centre to choose the right type of materials and achieve
adequate process control.
Chemistry
High temperature electrode materials developed for use in magnetohydrodynamic power generation programme were made into various shapes
and the simulation test at 25 KW will be taken up shortly. Work on heat
and radiation-resistant paints required in high radiation environment was
started and very encouraging results have been obtained on laboratory
scale. Substantial progress was made in the development of catalysts
for recombination of H2 and 0 2 for use in power reactors; phosphor
material for use in thermoluminescent dosimetry, and in the preparation
of single crystals of pure metals and volatile uranium compounds.
The on-line analyser developed for MAPP-1 for D2, O2 and N2 analysis
was continuously operated and over 10,000 analyses were carried out.
After the modification of the unit, to make it more compact, the total
system is being readied for final inspection and delivery. Two gas chromatographs, one for use in fission gas analysis and the other for helium
analysis, were made and supplied to the user divisions of the Centre.
The knowhow ' for the manufacture of automatic preparative gas Chromatograph and detectors developed earlier were transferred to two companies.
About 50 units of the hemodialyser (artificial 'kidney') developed earlier
were made and clinical tests on dogs were continued with complete
success. Human trials for short periods with this 'kidney' have so far
been successful.
For studying pressure and temperature induced phase transitions by
optical means, a special diamond anvil press with a heating stage capable
of heating the pressurised samples upto 400°C was developed.
Radiochemistry
With the expanding nuclear power programme, the R & D effort involving
radioactive materials has increased considerably. The programme of the
Radiochemistry Division relates to this R & D effort and covers areas
such as development and chemical quality control of plutoniumbearing fuels, accounting and management of fissile and fertile materiais,
radiochemical support to fuel reprocessing development, post-irradiation
studies and recovery and utilization of trans-uraniüm elements.
In the context of plutonium-bearing fuel fabrication programme, development of methods for the analysis of uranium, plutonium and impurities
in U0 2 -Pu0 2 and UC-PuC was continued. A potentiometric method
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for the determination of uranium with a precision better than j+0.2% was
standardised. For the estimation of trace metallic impurities in FBTR fuel
pellets, an emission spectrographic method, based on carrier distillation
technique, has been established. A quick non-destructive method for the
determination of plutonium within Jh1%, in finished U0 2 -Pu0 2 pellets,
has been developed using X-ray fluorescence technique. An energy dispersive radioisotope excited X-ray fluorescence system has been set up
for the simultaneous analysis of elements. A method for the estimation
of microgram quantities of chlorine in FBTR samples, based on pyrohydrolysis and subsequent measurement with chloride ion electrode, has
been standardised. A spectrophotometric method has been developed for
the estimation of nickel impurity in uranium-plutonium matrix. A new
method for the determination of total amount of uranium and plutonium
in the input accountability tank of a fuel reprocessing plant has been
developed.
The Radiochemistry Division participated in two more international intercomparison experiments. Plutonium Analysis Field Experiment (PAFEX-2)
was conducted by the IAEA to evaluate the accuracy obtainable in the
measurement of the concentrations and isotopic compositions of uranium
and plutonium in dissolver solutions under field conditions. The results
from this experiment are awaited.
As part of post-irradiation studies, an accurate method for burn-up measurement using isotope dilution technique has been standardised and.
applied to irradiated oxide fuel samples.
In continuation of the studies on the preparation and application of transuranium elements, small quantities of 238Pu, M I Am and 241Çm have
been prepared in pure form. A method has been standardised for the
fabrication of strong (100 mCi range) M I Am sources.
Analytical Chemistry
Analytical Chemistry Division continued to render assistance to the members of the DAE family and in special circumstances, some outside organisations in tackling problems pertaining to chemical analysis. In all,
work on about 2,300 samples involving about 7,000 determinations was
completed during the year,
;
Among the important analytical problems successfully handled during the
year are : Assay of high-purity potassium metal; coulpmetric estimation
of traces of water in ammonia gas streams; gas Chromatographie determination of helium in geothermal gas samples ; mass spectrometric analysis
of trace impurities in semi-conductor and zone-refined materials; .détermination of inorganic constituents in encrustation samples from Ajantha
panels by semi-micro Volumetric methods; estimation of hydrogen fluoride
in uranium hexafluoride (UF6) by freezing point measurements; analysis
of encrustation and corrosion products responsible for the clogging of
;

'
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pipelines at the fuel reprocessing plant at Tarapur; surface area measurements of U0 2 and ThO2 powders and palladium-coated alumina pellets.
Development work undertaken includes: separation scheme for thorium,
rare earths and uranium on a weak cation exchanger, Dowex A-1 ; a
radiochemical separation procedure and neutron activation analysis of
thorium, hafnium, lanthanum, cobalt etc.; a multi-element facility to
determine about 25 elements at ppm and sub-ppm lever in about 100 mg
sample by high flux thermal neutron activation using purely an instrumental
approach; study of certain nuclear reactions for their utility in fast neutron
activation analysis; phase selective anodic stripping voltammetry for trace
estimation of bismuth, indium, tin etc. ; determination of traces of niobium
in presence of titanium and molybdenum in welding electrodes by thiocyanate extraction ; fluoride assay by its precipitation as lead bromofluoride;
a carbon rod atomisation technique which pushes sensitivity of atomic
absorption spectroscopy to picogram levels.
Research work aimed at providing a better understanding of áreas of
analytical importance was pursued along the following lines: investigation
of binary and ternary complexes of metals important in the atomic energy
programme by a wide variety of classical and modern techniques such
as potentiometry, spectrophotömetry (visiblet and IR), poíarography,
solvent extraction, nuclear magnetic résonance, thermogravimetry, enthalpimetry etc.; thermodynamics of ion exchange and solvent extraction;
new adsorbents of indigeneous origin for gas solid chromatography;
thermoluminescence studies.

Biology and Agriculture
Three more strains of groundnut TG-17, 18 and 19 were isolated and
tested in Trombay, Gujarat and Saurashtra, TG-17 yielded 2874 to 3890
Kg/ha. TG-18 and 19 have kernels bigger than TG-1 arid gaye 3500 Kg/ha
in Gujarat. The shelling percentage of TG-18 arid TG-Í 9 is better than
TG-1.
• '•
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Three derivatives of rice from the cross IR 8 x TR 5 viz. TR-Í7,18 and 2 1 ,
which were earlier found toV be resistant to seedling and sheath blight
and tungro virus diseases in the National Screening Nursery. (NSN); of
AICRIP, have been included in the Preliminary Yield Trial 2 and are being
tested at 16 locations. Four more derivatives from, the same cross have
been entered in the NSN trials.
V
One late mutant (TR 26), which was earlier tested át CRRI, Cuttack,
and found to be resistant to blast, wilt and gall-midge diseases under
field conditions, has now been included in the Uniform Variety Trial-3 of
AICRIP and is being tested at 19 Jp^ations^i
)
The high protein wheat mutant 'eíeçto)d' developed from var. Kalyari
Sona has shown about 2£ times more,grain yield in comparison to
1
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those of Sonalika and HD 2009. This was reported by the Wheat Research
Coordination Centre, New Delhi. The mutant shows about 2 per cent
points protein over Kalyan Sona.
In tur, two early mutants with a duration of 120 and 130 days were isolated
in variety T-21 which usually matures in 150 days. These two early
mutants, three bold seeded mutants, one high yielding mutant and two
mutants with compact growth habit are now being tested by All India
Coordinated Research Project on pulses at five different centres. The
initial estimation for protein content in these mutants has shown that
six of these have high protein content on per seed basis as well as on
per cent basis. The per cent protein in control was 23.09 while in the
mutant it varied from 24.28 to 26.38.
Seventy mutants of capsuiaris jute isolated here bred true in the M 3 generation. Twelve tall selections from a total of 109 were found to be taller
than their controls in the M3. Two mutants with o/itorius-l\ke pods were
isolated from the M 3 population of C. capsuiaris after thermal neutron
treatment.
A comparative study of the plant uptake of manganese-54, cobalt-58,
iron-59 and zinc-65, which are among the principal neutron-induced
activation products likely to be released to the environment during controlled discharges from nuclear installation, was undertaken in 'nutrient
culture experiments using maize. Results indicated predominant accumulation of 5£Mn and 65Zn in the aerial tissues. Over identical durations of
plant growth, the transport indices for M M n and i5 Zn were about an
order of magnitude greater than for 59Fe and nearly two orders of magnitude
greater than for 58Co.
Work was continued on evaluation of the agronomic efficiency of ammonium
nitrate phosphate materials containing 30 and 50 per cent water-soluble
phosphorus vis-a-vis that of monoammonium orthophosphate in collaboration with Fertilizer Corporation of India, Trombay Unit. Ammonium
nitrate phosphate fertilizer with 30 per cent of its phosphorus in watersoluble form is currently manufactured in India by the Fertilizer Corporation
of India. Greenhouse trials on rice (kharif 1974) grown in typical phosphate
responsive red, latérite and calcareous black soils of Maharashtra and
Andhra Pradesh indicated that on latérite and red soils ammonium nitrate
phosphate with 30 per cent water-soluble phosphorus was, in general,
equal to monoammonium orthophosphate as a source of phosphorus.
The orthophosphate was, however, more efficient on the calcareous
black soil. No significant differences were observed between the efficiency of ammonium nitrate phosphates of the two water-solubiiity grades
on the soil types examined.
Studies on the chemical forms (fractions) of phosphorus in major Indian
soil types and the influence of cropping and different phosphatic fertilizer
treatments on the distribution of phosphorus fractions have been initiated;
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Fractionation of native soil'phosphorus in seven soil types indicated that
calcium-bound phosphate was the predominant fraction in the black
loam and clay loams followed by alluvial and grey-brown soils and the
least in laterite and red soils. Iron-bound phosphate was predominant
in the laterite and alluvial soils. Aluminium-bound and occluded phosphate
fractions were less abundant than calcium-bound or iron-bound phosphates
while saloid-bound phosphate was the least abundant fraction in all soil
types examined.
Long-term studies using radiotracer 72Na indicate that nitrogen fixing
blue-green algae have a remarkable ability to absorb and retain considerable quantities of sodium. This, coupled with their efficient 'active'
ion-regulating mechanisms, may contribute to their success in saline
environment.
Salt, at low concentrations, stimulates the in vivo nitrogenase activity
in these algae. However, at high salt concentrations, there is severe
inhibition. This is in agreement with our earlier findings on the growth
and nitrogen fixation by blue-green algae in saline environment.
In crops such as maize, sorghum and sugarcane, the higher efficiency
of CO2 fixation at higher temperatures when the light intensity is also
high could bef explained on the basis of temperature dependent affinity
of the malic enzyme for malate. Malic enzyme thus seems to be the
regulatory enzyme of the c-4 pathway in these crops.
The fate and persistence of ziram, a foliar spray fungicide, was examined
in groundnut plants, at various stages of growth. Ziram was converted
into diverse derivatives of dimethyl dithiocarbamate. These conversion
products were initially found in pegs and later in pods. The total residue,
both in shell and seeds, was below the tolerance limit prescribed for
ziram in crop plants.
Gamma radiation dose of 45 KR could induce near complete sterility in
potato tuber moth males. Further experiments to assess the mating competitiveness of the sterile males have shown that progeny production
can be effectively suppressed if a ratio of 10:1 sterile to normal males
is maintained in the moth population. It has been observed that in females
also the same level of sterility could be induced by the male-sterilizing dose.
Studies with chemical steriiants have revealed that both males and females
of potato tuber moth could be sterilized by exposing them to a 'metapa'
residue of 43.4 tig/cm 2 . The degree of mating competitiveness of chemosterilized males was found to be the same as that of radiation sterilized
ones. Preliminary laboratory studies with chemosterilized insects indicate
that introduction of sterile females, along with sterile males, could lead
to much less progeny production than when sterile males alone were released.
An olfactometer has been designed and successfully tested for evaluating
the behavioural response of the males to the female sex pheomone in
49

the case of spotted bollworm, almond moth and potato tuber moth. The
males of spotted bollworm responded to the female sex pheromone only
during the dark phase of the photoperiodic cycle. Males of almond moth
and potato tuber moth, however, did not evince any temporal specificity
in their response to sex pheromone.
In an attempt to evolve mass-rearing methods for insect pests, artificial
diets are being investigated for some selected insects. In the case of red
paim weevil, a number of formulations were tested and, among these,
the one incorporating sugarcane baggasse, coconut cake, sucrose, yeast
and essential micronutrients was found adequate to support the complete
development of this insect.
Bio-Organic Research
Isolation
cological
hormone
pests is
aimed at
is being

and characterisation of natural products with potential pharmaproperties have been actively pursued. Application of juvenile
mimics of natural and synthetic origin in the control of insect
under investigation. The methodology of plant tissue culture
the asexual multiplication at the organ tissue and cellular levels
pursued with success.

From the medicinal plant. Cassiaspectabilis, two sterols, two anthraquinones
and two piperidine alkaloids were isolated and their structures fully
established. The alkaloids exhibited antimicrobial activity against Sarcinea
aureus, S. albus and S. futea.
The work on development of hormonal insecticides and chemosterilants
has been continued. The oil of Eucalyptus revealed juvenile hormone
(JH) activity against last instar nymphs of red cotton bug.
A juvenile hormone analogue, namely, ethyl-3, 7, 11 -trimethyl-2, 4-dodecadienoate (ZR 512) was evaluated for the control of rice moth, Corcyra
cephalonica. It was observed that the adult emergence of the pest Was
inhibited even at very low concentrations. At slightly higher concentration
infestation could be prevented upto 6 months.
Studies on insect control based on the release of pheromones from the
pulse beetle Callasobruchus maculatus (F) have indicated that the maximum
release of pheromones occurred during the first week of its emergence
and this served to attract the males of the species.
For the large-scale preparation of insecticidal principle from garlic, which
is being supplied to different institutions for field trials, a pilot plant has
been set up.
.
Influence of growth substances like phytohaemagiutinin (PHA)> p-flurophenylalanine 4?FP) in the augmentation of haploid plant production
through anther culture of Belladonna has been investigated. Shoot tip
culture in vitro of the pineapple has been studied with a view to obtaining
50
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multiple shoot induction as a means of clonal propagation, with success.
Efforts towards the synthesis of prostaglandins have been continued. A
key prostaglandin synthone has been prepared from easily available
materials. The synthesis of two heterocyclic steroids, A-nor-3-thia-9(ll)dehydroestrone and A-nor-3, 17-dithia-8-dehydroestrone with possible
antiovulation activity has been completed.
Microanalytical and spectral determinations of a large number of samples
from ihe Centre as well as other institutions in the country were carried out.
Biochemistry & Food Technology
F.ocesses have been developed for the radiation preservation of potatoes,
onions, fish, meat and fruits. Related studies on flavour analysis and
appropriate process designing are reported here.
Among six commercial potato varieties screened in the current season,
Kufri kuber and SLB/2-405 (a) were found to respond favourably to
irradiation followed by storage at 15°C. The loss in storage during the
first 5£ months was comparable to that of cold stored (2°C) control
tubers. Irradiation and storage at 10°C appeared to be beneficial for
potatoes to be kept for beyond six months. The after-cooking discolouration
in K. alankar variety of potatoes could be prevented by pre-peeling prior
to cooking or cooking in 0.1% citric acid solution.
The bacterial pathogens associated with soft rot in potatoes at ambient
and 15°C storage were identified as Erwinia carotovora var. carotovora
and £. carotovora var. atroseptica. The main spoilers of potatoes stored
at 10 and 2°C were essentially Micrococcus spp.
Growth of Aspergillus flavus (aflatoxin producing strain) could not be
detected either in whole potatoes or in tissue slices during 30 and 15 days
storage, respectively, under ambient conditions after innoculatson with the
spore suspension. Storage properties and organoleptic attributes of
dehydrated red globe onion flakes irradiated at sprout inhibiting levels
(6-9 krad) were found to be comparable to those of unirradiated controls.
White and red globe onio is were chemically analysed arid found to have
similar flavour strengths; the Madras variety had a higher lachrymatory
component. Three months storage at room temperature resulted in an
overall decrease in flavour strength of all the onion varieties. Di-n-propyl
disulphide was revealed as pungent principle of onion. Sprouting of
onions was found to be associated with increase in flavour strength, with
the lachrymatory precursor accumulating more in sprouts than the bulbs,
suggesting that onion sprouts could be a potential source of onion Flavourings.
In mangoes, the incidence of storage diseases like anthracnose and stemand-rot caused by Colletotrichum gloesporoides Penz and Diplodia nata51

/ensis Pole-Evans could be considerably reduced by subjecting fruits to
a combination of hot water dip (55°C, 5 min) and irradiation (50 krad).
This treatment was found comparable to dipping fruits in a hot (50cC)
0.1% Beniate for 5 min.
The major component of the volatiles from, the latex of freshly picked
raw Alfonso mangoes having the typical 'green aroma' note as evaluated
organoleptically has been recovered by preparative liquid gas chromatography and tentatively identified as cis-ocimene by infra-red and nuclear
magnetic resonance spectroscopy. The ripe Larigra mango essence had
many compounds similar to that of the Alphonso variety. However, some
unique flavour characteristics with camphory, woody and peach-like
notes in Langra essence were observed. None of the individual conv
ponent represented the true aroma of the variety.
A process consisting of heating mango pulp to 95°C at pH 3.2, hot filling
in carboys and inverting the containers foe 15 min to prevent contamination
from sealing cap, gave a shelf-stable (room temperature) product which
retained its original qualities even after 4 months.
It was found that fish muscle cathepsins were stable for 4-5 weeks at
—20°C and remained partly active even after exposure to 55°C for 3Q min.
The availability of high content of lysosomai enzymes in1 the skin of certain
fish (Ti/apia mossambica) points to the need for deskinning fish jsefore
storage.
..'•',.
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Methyl nicotinamide reacts similarly and possibly can substitute for NaNO2
in the curing process. Myoglobin subjected tò 100 Kr dose showed 30-40%
decrease in the intensity of the characteristic 'Peryçit Mb' Complex spectral
peaks. UV fluorescence spectra revealed 25-100 kr. Irradiation of myoglobin unfolds the protein.
:
>
The volatile flavour constituents have been isolated from ripe banana
(variety Harichal) by high vacuum distillation technique and analyses Jby
gas liquid chromatography. More than 25 components that were detected
had estery notes. Ripening of banana was associated with decrease in
pulp lipid and glyceride content.
Two purothionins, complexed with lipids, have been isolated from wheat
flour. Radiation treatment (1 M rad) disrupts their molecular structure,
presumably impairing the gas retaining capacity of the,*dough. Reduction
in biosynthesis of gibberellins (GA) in gamma-irradiated (20 to 200 krad)
wheat could be attributed to the impairment in the activities of meva-lonate kinasë and adenosine trtphosphatase.As a result,, the.intermediate
products (GA4 and GA7) are obsëüved.to accumulate at: the expense
of the bioactive GA3.
;
v
Sucrose was found to increase radio-resistance, growth and toxin production in S. typhimurium, its radio-resistance after repeated radiation
treatments was accompanied by marked lowering of the pathogenicity
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with destruction of surface antigens. Dipicolinic acid content of Bacilluz
cereus BIS-59 is correlated with heat resistance but not radiation resistance
of spores. Urea-mercaptoethanol followed by alkali treatment, totally
eliminated spore coats. The cellulolytic micro-organisms from various
cellulosic wastes were isolated and examined for their ability to produce
cellulase.
A meat separator has been designed with a capacity of deboning 60-70 kg.
dressed fish/hour. The design can be modified for higher throughput. Yield
of minced muscle for croaker, Ribbon fish, Golden Anchovies, Sole, Silver
bar and Hilsa was found to be in the rangs of 40-50% on whole weight
basis. Deboned minced muscle blocks prepared from Doma, Ribbon fish,
Sole fish and Anchovies when irradiated (0.1 Mrad) resulted in 4-5 fold
increase in shelf-life at 0-2°C. Incorporation of 0.2% tripolyphosphate and
1% sodium chloride increased the texture retention and the binding capacity
of the muscle. The shelf life of frozen muscle blocks was found to be 4-6
months at -18°C. The shelf life of Elasmobranchs (Shark, Ray and Skate).
which spoil rapidly at 0-2°C due to formation of copious quantities of
ammonia can be extended 4-5 fold to 30 days at 0-2°C by combination
treatment involving steaming and low dose irradiation (100 Krad). A process
has been developed to utilize the meat for the preparation of cooked fish
rolls.
Retail cuts of lamb and pork meat packed in polycell bags and subjected
to radiation doses of 0 . 1 , 0.25 and 0.5 Mrad were in good condition for
10, 18 and 25 days respectively at 0-2°C as compared to unirradiated
samples which spoiled within a week. Drip loss occurring after radiation
treatment and during storage at 0-2°C could be prevented by a dip treament
in 10% tripolyphosphate for 10 mins.
The programmes on wholesomeness of irradiated foods and safety evaluation
of food additives and other chemicals have been actively pursued.
Three independent experiments involving feeding of male rats with freshly
irradiated (within 24 hrs.) wheat (75 krad) for one week failed to reveal
any evidence of dominant lethality at pre- and/or post-implantation level.
Similar results were obtained on feeding irradiated wheat for six and twelve
weeks, the wheat being consumed within 7 days after irradiation. There
was also no observable increase in the frequency of bone marrow polyploid
cells on cytological analysis.
Feeding of mice for two weeks with irradiated sugar solutions did not reveal
any evidence of increase in mutagenicity as revealed by the host mediated
assay using S, typhimuriun) as the test organism. However, in vitro
incubation of irradiated sugars induced frame shift and base pair substitution
type of mutations in the S. typhimurium cells.
- •_ :
Protein efficiency ratio of the protein concentrate of cat (fish was observed
to be higher than that of the reference standard casein, while the hydrolysate
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as well as the protein concentrate obtained from silver bellies gave lower
values.
Butylated hydroxytoluene, an anti-oxidant food additive, fed chronically
at 0.25, 0.5 and 1% levels in diet to male C57 Blx Swiss Hybrid mice
increased specifically the liver weight and the heart ascorbic acid content
No other effects were observed, including in the hematological and behavioural patterns. In vitro studies, however, showed a dose dependent
impairment of liver mitochondria! oxidative phosphorylation. Microsomal
peroxidation and lysosomal cathepsin and acid phosphatase activities were
also altered.
Except for a significant reduction in the total and live-implantation rates
due to pre-implantation losses in first weekly mating of male following
intraperitoneal administration of 7.5 and 10 g/kg. of dimethyl sulfoxide
(DMSO), no other effects pertaining to dominant lethal mutations were
observed during the subsequent four weekly matings. Intraperitoneal
administration of 11 g/kg. of DMSO for a period of three weeks provoked
an increase in the hepatic lipid content of female rats. However, DMSO
seemed to have a protective effect against the whole body x-irradiationinduced hepatic lipid accumulation.
Caffeine, isoniazid—a widely used antituhercular drug, and valium—a
popular tranquillizer, did not induce any increase in the frequency of
micronuclei in the erythrocytes of mouse bone-marrow. Prócaine-HCI
(1 -2 mg/ml) decreased the incorporation of HC-ieucine into proteins of
brain and liver homogenates. Formation of fluorescent compounds declined
in brain but not in liver homogenates. In vivo and in vitro protein synthesis
in rat liver and brain mitochondria of lithium chloride fed rats remained
unaltered. Lithium chloride also did not influence the mitochondrial ATP
synthetase, succinoxidase and ATPase activities. Cytoquantitative studies
on different stages of spermatogenesis in mice suggested that administration
of mitomycin c, a mutagenic antitumour agent, led to the induction of male
sterility in mice.

RADIATION MEDICINE
Radiation Medicine Centre (RMC) is a Regional Reference Centre of World
Health Organisation, in collaboration with International Atomic Energy
Agency, for South East Asia in the subject of nuclear medicine.
Diagnois and Therapy with Radioisotopes : During the year, about 12,000
patients attended the Centre for diagnosis, treatment or follow-up. The
largest number of referrals was for imaging of organs. Imaging of thyroid,
brain, lungs. Jiyer, spleen, kidney, pancreas, heart and bones was carried
out routinely. These imaging studies help in the diagnosis of focal lesions
in various organs. In many cases, along with the static imaging, dynamic
functional studies of various organs are done with the help of a 16 K
memory computer coupled to a scintillation camera. Such dynamic studies
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include cerebral blood flow, radiocardiography, liver blood flow, renogram,
hepatobiliary excretion of radioisotopes and vascular flow. The Centre is
the only one of its kind at present in India which has facilities for such
dynamic studies.
Most of the imaging procedures are done with short half-life generatorproduced radionuclides like ' 9n Tc and " 3 m ln. A wide spectrum of kits is
produced at the Centre for rapid, sterile, pyrogen-free, organ-specific
radiopharmaceuticals from these radionuclides. Because of the increasing
use of short half-life radiopharmaceuticals, it has become possible to reduce
the radiation exposure of the patient during imaging and extend the benefit
of these procedures even to children.
The RMC has a wide variety of tests for investigating thyroid functions
such as thyroid uptakes, assay of thyroid hormones in blood etc. Patients,
of thyrotoxicosis and thyroid cancer diagnosed with the help of these tests
are treated with radioiodine, when necessary.
The number of in vitro diagnostic procedures increased during the year.
These do not involve administration of radioisotopes to the patient. The
radioisotopes are to be added only to the blood of the patient in a test tube.
A whole new science of ' Test Tube Nuclear Medicine ' is gradually developing around the applications of these in vitro procedures. Assays of growth
hormone, corticosteroids, thyroid stimulating hormone and thyroid hormones
are done regularly at the RMC.
Thyroid : The major area of research is still thyroid due to high prevalence
of goitres in the community and relative lack of clear understanding of many
aspects of patho-physiology of thyroid.
Protein Malnutrition : Interrelationship between various hormones and
protein malnutrition in patients and experimental animals is being studied.
Isolated liver perfusion experiments are being set up for studying rates of
synthesis of various proteins. Effect of alcohol on protein synthesis is
studied by these experiments.
In Vitro Radiorespirometry : Detection of microorganism is possible by
measuring evolution of radioactive '•*CO2 resulting from the utilisation of
"C-labelled substrates in nutrient media. This technique has been applied
successfully as a test of sterility for pharmaceutical preparations. Instead
of waiting for several days as in the conventional sterility test, results are
obtained by the new procedures within few hours. The technique.is at
present tried for testing sensitivity of various microorganisms to antibiotics and detection of bacteria responsible for tuberculosis and
leprosy.
;
Tropical Eosinophilia : This is a very common condition in the country, the
cause of which is not clearly established. The RMC is studying the immune
mechanisms in this disease and trying to develop eosinophilia in experimental
animals.
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Transmission Scanning : A method has been established to study bone
mineral content in human subjects by estimating transmission of photons
through the bone. An experimental model has been set up to study absorption coefficients of various photons through post-mortem specimens of
organs to explore the feasibility of detecting focal lesions by in vivo transmission scanning.
Computer Applications : The 16 K memory computer at the Centre is being
utilised for on-line analysis of imaging studies in patients and various
statistical and computational programmes as an off-line computer.
Labelling of White Blood Cells: Techniques have been devised for
labelling leucocytes, lymphocytes and granulocytes with various radio
nuclides and using the labelled cells for in vitro and in vivo investigations.
THEORETICAL REACTOR PHYSICS
Path integral technique was used for solving a problem with three-body
forces and time-dependent interaction. Exact solutions of ising model with
second-neighbour interaction was obtained. Equivalence of a two dimensional Ising model with a non-zero magnetic field to a modified onedimensional Oirac equation of a free-particle was established. Motion of
impurity in a harmonic lattice was studied using the formulation of nonequilibrium statistical mechanics. Decorated Ising chain as a model for
biological systems was developed. Electron scattering in high intensity
laser fields was investigated.
As regards nuclear structure, the recently observed high spin states in the
rare-earth nuclei were studied in a self-consistent variational approach.
Trje nuclear Hamiltonian employed in this work consists of the pairing plus
quadrupole interactions. Interesting results have been obtained in the case
of isotopes of erbium, dysprosium and gadolinium. Detailed theoretical
investigations are being carried out to explain the recent data on odd
vanadium isotopes.
For the solution of neutron transport problem, the density transform method
was applied to obtain analytical solutions for spherical and cylindrical
geometries. Study of practical multi-dimensional problems was carried out
using the discrete ordinates method. The Fourier transform method was
extended to study resonance overlap effects and space-dependent
problems.
A BWR-simulator COMETG was developed for the TAPS. It will be used
to provide fuel management service to the station. Fuel management
service to RAPS-1 was provided on a containing basis to help the Station
to carry out refuelling operations.
The physics design of the plutonium boosters of MAPP-2 was completed.
For the R-5 reactor, the physics design of the Pu-AI alloy fuel was com56

pleted. A fuel management scheme was worked out and an accident
analysis was made.
A number of computer codes were developed for various types of transient
analysis of pressurised water and boiling water reactors. These will be used
to carry out the safety and accident analysis.
To study the light water moderated enriched uranium or plutonium assemblies, a number of computer models were developed. These codes will be
used to develop improved design of Tarapur fuel.
Boundary layer flows for M H D applications were studied using numerical
techniques. Optimization of solvent extration columns in the fuel repocessing plant PREFRE was done. A computer model for a complete numerical
simulation of a laser-produced spherically symmetric fusion plasma was
developed.
REACTOR ANALYSIS AND STUDIES
To increase the power output of RAPS-type reactor from 220 MW(e) to
235MW(e), the existing 19jrod fuel bundle was studied for increased heat
rating duties. As the present bundle was not meeting the specified stringent
criteria for fuel performance, a 22 rod fuel bundle was suggested which
will perform well without exceeding the existing constraints and also
generate extra power needed for uprating RAPS reactors.
The detailed simulation of TAPS was continued to evolve a satisfactory
model to match actual plant transients. This has been achieved and'is being
used to study some of the unusual occurrences at the plant.
Thermal hydraulic analysis of the proposed ( 7 x 7 ) channel and ( 6 x 6 )
channel has been done using the computer programme CPDP developed for
the purpose. The programme calculates single phase and.two phase,
elevation, friction and focal pressure drops and also acceleration pressure
drop. It has been found that (7 x 7) channel is quite suitable from thermal
hydraulic point of view.
Work on the RAPS Simulator Project is in full swing. Elaborate details are
being incorporated into the model with the ultimate object of generating all
parameters that would be displayed on the panels.
Most of the shielding calculations have been carried out for R-5 reactor
and its auxiliary systems. After detailed evaluation of the activity in cover
gas system using either argon or helium, helium was recommended and
accepted as cover gas. A detailed radiation map showing activity under
normal and split rod condition and their decay with time after reactor shutdown is being prepared.
Choked flows through pipes and nozzles is an involved phenomenon and no
connected method exists to follow the pressure vessel blowdown transients
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throughout with accuracy. A unified computer code has been deveioped
to calculate for all possible initial conditions.
The clad temperature transient for the hottest channel of TAPS reactors
core using the new U.S. criteria in case of LOCA has been determined
using the programme HANU. The analysis includes thermal conduction
with temperature dependent properties and convection and radiation heat
transfer and metal water reaction.

NEUTRON PHYSICS
In order to understand the 23I Th- 233 U fuel cycle, which is expected to
play a vital role in the long term nuclear power programme, a number of
sub-critical multiplication measurements were carried out with a 233 U(uranyl) nitrate solution core surrounded by a large BeO reflector. This has
enabled determination of the minimum amount of 233U needed to sustain
a chain reaction in solution form. The experimental results indicated a
minimum critical mass of about 240 grams of 233U in parallellopiped geometry.
Theoretical analysis of the characteristics of fast systems were continued
and a number of computer calculations were carried out to study the
variation of Xeff for bare and reflected fast systems with core radius and
other properties. Detailed study of time-depandent phenomena was carried
out using newly developed time-dependent transport theory code. The
safety aspects of carrying out a homogenous solution reactor experiment
were analysed using reactor kinetics code to calculate the magnitude of the
inertia! pressure pulse generated under transient conditions;
Using threshold detectors, the fast neutron spectrum of PURNIMA reactor
was measured and the unfolding of the spectrum was accomplished by a
method based on minimum deviation of amplitude factor. To study the
neutronics of small fast systems, one-dimensional multi-group, multi-zone
static and dynamic Monte-Carlo methods of calculation have been developed
and tested by studying 30 fast systems.
REACTOR ENGINEERING
A mock-up was set up to finalise the procedure for. the installation of cobalt
absorber assemblies in RAPS. RAPP-2 ion chamber mounting assemblies
and MAPP-1 calandria support rod assemblies were manufactured.
Functional testing of MAPP-| adjuster rod drive mechanisms and testing
of MAPP-1 blow out panels is in progress.
Development works on NARORA Project in progress include stress analysis
of calandria, fatigue testing of Graylòc connections and development of
poison shut-off system. '
••-,•
.
Analysis of neutron flux at the core boundary of TAPS reactor, optimum
heavy water purity in CAN DU reactors and economics of nuclear reactors
were carried out
.
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After fabricating the fuelling machine valve station for RAPP-2, it was
tested for its performance and delivered. This resulted in a saving of foreign
exchange to the tune of 1.6 million rupees. Fuelling machine is a very
complex equipment. The first indigenously made fuelling machine head
(ID) for RAPP-2 was subjected to tests after completing control wiring
and tubing on the machine. This effort eliminates the need for importing
tested machines as in the case of RAPP-1. Work on the testing of fuelling
machine (IE) is in an advanced stage.
Fuel Development and Management : Design work for in-pile testing of
Pu-AI alloy fuel for boosters was completed. Design analysis of TAPS fuel,
including densification effects, creep collapse of cladding and gap conductance was continued. A handling scheme for transportation of irradiated
TAPS fuel was evolved. Thermal hydraulic analysis of TAPS reactor core
for Unit 1, Cycle 4 and Unit 2, Cycles 3 and 4 was carried out for various
power ratings.
Work on fuel development for R-5 was continued. Endurance testing,
pressure drop measurements, thermal hydraulic analysis, flow and temperature transient analysis on two designs of R-5 fuel cluster was completed.
Design of fuel for 500 MW(e) system is in progress.
R-5 Reactor Pile Block : After finalising the design, material procurement
for pile components like calandria, end-shield, coolant channels was nearly
completed and manufacture of these components was initiated. Development of. coolant channel, pneumatic carrier facility, rolled joints, welding
and evaluation of the suitability of special materials like high density wood,
epoxy, borals etc. was continued. Detailed stress analysis in critical areas
was continued.
Reactor Instrumentation and Control: Process instrumentation scheme
for measurement and control of process parameters of R-5 reactor was
completed. Detailed specifications and drawings for the f low and temperature systems have been evolved. Layout of routes for instrument tubing
and wiring in the reactor hall was completed. Jesting of indigenously
manufactured process instrumentation was continued to evaluate their
suitability for use in nuclear environment.
'•.,'•
Various research facilities being built to augment the R & D work on
reactor systems reached the stages described below :
:
A large integral thermal facility which will be used for development and
testing of components of fuel handling system and Coolant channel assemblies of CANDU-typè reactors is being sej up. Design and drawings for this
facility have been completed and materialprpçurenîëWtIsiri"piögrëssr^Ci'r
Design of major components and materials procurement for 1.2/3 MW
Boiling Water Loop for two phase studies and Primary Pump Jest Loop for
testing pumps for MAPP, and 500 MW(e) unit is in an advanced stage and
testing of some of the components is in progress. ;
^ •_-•"'.;•'
'•
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A facility for shielding experiments in Apsara and heavy water loop for
ZERLINA were fabricated. A modified tray rod for irradiating steel specimens
of RAPS end-shield material was fabricated and installed in CIRUS and
was used for irradiation.
A high rating uniform heat flux insulated heater was developed. Performance
of pool boiling type cooler was evaluated. Experimental assessment of
variou1" "'•cliniques for the measurement of temperature of current carrying
surfaces was carried out. Analysis of temperature distribution in the biological
shield of TAPS was completed.
The process design of high temperature corrosion loop is in progress.
Flow rate studies on deoxygenation of water using ion exchange resins
and sea water corrosion studies on copper-tin-aluminium alloy at low
velocities were completed.

REACTOR CONTROL
Control System of R-5 Reactor : Detailed design of the control system of
R-5 reactor was completed. The fabrication of the proto-type units progressed considerably. The notable areas Of activities carried out are : (i) A
hybrid control system using pump and vaii/e position controllers was
designed to provide fast response, smooth and stable reactor operation,
and its detailed analysis was completed. A special computer code REGLOP
was developed to study the dynamics of this system, (ii) The design of the
solid shut-off rod mechanism was completed. The critical components like
the magnetic clutch and the hydraulic shock absorber were fabricated
and tested, (iii) The detailed design of the liquid shut-off rod system was
completed. Fabrication of a prototype of this system is in progress.
Pressure Tube Gauging Equipment for CANDU Reactors: This equipment
is required for periodic internal checks on zircaloy-2 pressure tubes of
CANDU reactors and is capable of measuring the internal diameter, surface
roughness and straightness of the pressure tubes with an accuracy of
+ 0.001 ". The design of the equipment is nearing completion.
Computerised Fuelling Machine Control System: Various sub-systems of
the computerised fuelling machine control system have been made and
are being integrated to form the complete system. Initial studies for the
fuelling machine control system for the Integral Thermal Facility were
completed.
Computer-Based Data Acquisition System: A computer-based data acquisition system, designed around the.TDC.-312 computer, is in an advanced
stage of fabrication. Though primarily developed for use in nuclear power
plants, the system is totally general purpose.
Nuclear Power Plant Training Simulator : Work oh the design óf the digital'
simulator for training nuclear power plant operators progressed considerably.
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The hardware configuration and software for the system were finalised. A
continuous system simulation programme-CSSP has been implemented
on BESM-6 computer. The programme will facilitate the testing of model
programmes.
Compute -Based Gamma Scanner for RRC : Reactor fuel pins after having
undergone some burn-up inside the reactor are scanned along their length
by a suitable gamma radiation detector. This technique, known as gamma
scanning, provides useful information about the dimensional and metallurgical changes in the fuel pin that may occur during its placement inside
the reactor core and also the burn-up and othor nuclear properties of the
fuel pin. The Division completed the feasibility study of a computer-based
gamma scanner for scanning FBTR fuel pins. Based on this study the
design of this scanner system was finalised.
Dynamic Analysis of Nuclear Power Stations: The first phase of the
dynamic analysis of TAPS being carried out in collaboration with RASS
was completed. In this study, results of the dynamic behaviour of station
parameters like neutron flux and reactor pressure have been obtained in
case of generator trip, turbine trip and recirculating pump trips. Detailed
modelling of RAPS is being carried out for the Nuclear Power Plant Training
Simulator.

EXPERIMENTAL REACTOR PHYSSCS
Gamma scanning of five irradiated fuel assemblies discharged from the
Tarapur reactors was performed to obtain data for development of fuel
management codes.
An experimental programme in ZERLINA was completed for development
of plutonium boosters for the heavy water power reactors.
REACTOR OPERATIONS AND DEVELOPMENT
Scanning of CIRUS lattice tubes for measuring their wall thickness, using
the instrument developed by the Division, was continued during periods
of reactor shut down. About 50 per cent of the tubes were scanned and
were generally found to be in good condition.
Training of engineers and technicians in reactor operations and maintenance
was continued. Engineers and technicians were assigned for short-term
duty to assist in the maintenance of TAPS and RAPS-1.
REACTOR CHEMISTRY STUDIES
About 20,000 samples from various process systems of the reactors and
Pressurised Water Loop of CIRUS were analysed for evaluating the chemistry
conditions and for guidance to reactor operations. Analytical investigations
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were carried out on samples for the determination of isotopic abundances
of various isotopes in gaseous mixtures.
In the field of power reactor water chemistry, investigations were directed
towards the evaluation of performance tests of mock-up déminéraliser
plant of MAPP, activity transport studies in Primary Heat Transport System
of RAPS-1, evaluation of indigenous ion exchange resins for their suitability
in process systems of reactors and so on.
For solving chemical problems related to operating nuclear power stations,
a procedure for cleaning ion exchange bed strainers of the moderator
systems of RAPS-1, a method for precommissioning cleaning of some
auxiliary systems of MAPP and RAPP-II etc. were devised.
Chemistry specifications for all the process systems of R-5 reactor were
finalised with reference to the materials of construction and the required
purification units to be incorporated in the design of primary coolantmoderator, cover gas, secondary coolant and other systems. Studies were
carried out for evaluating argon as cover gas in reactors with particular
reference to R-5.
Continuous monitoring of the reactor water fission product activities, and
fission gás release was undertaken at TAPS Units I and II and the data
was used for evaluating fuel integrity and performance. The study of the
ratio of xenon isotopes has provided a very good early warning system for
detecting fuel failure. Similar data gathered by'RAPS was analysed and
appropriate corrective steps were suggested.
Other areas in which studies were done are ; Deposits on turbine blades;
operational problems associated with demineralised water plants of power
stations; chemical treatment of water systems at MAPP; effect of repeated
thermal shocks on disintegration behaviour öf UO2 and U0 2 -Gd 2 0 3 fuel
pellets of the types used in TAPS and RAPS; studies on corrosion and
compatibility of materials used in water moderated and cooled reactors;
compatibility of stainless steel and zircaloy-2; radiation damage to lubricants
and greases used in reactor radiation environment, and development of
indigenous substitutes; radiation damage to stainless steel and zirconium
alloys; evaluation of molecular sieves used as tray driers in RAPS and
MAPP; dissolution behaviour of aluminium alloys which are to be used as
dads for R-5.

ATOMIC FUELS AND OTHER MATERIALS
21 cobalt absorber assemblies were fabricated for RAPS-1.

,

3,500 power reactor components were surface-hardened by nitriding.
Wave-guides, iron-nickel wires, kovar tubes and wires were made and
supplied to ECIL.
••'•.•'.':'•
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A continuous sintering furnace for sintering uranium oxide pellets was
designed at NFC. A high temperature furnace for densification studies of
UO2 pellets was fabricated.
Small quantities of metals and alloys in different forms such as rods, strips,
sheets, tubes and wires and pellets from various powders were made and
supplied.
Development work on the production of high density thoria pellets
for FBTR was completed and production work was taken on hand.
Fabrication of special purpose equipment and assembly fixtures
were continued; prototype
sub-assemblies were fabricated for
type-testing.
The following developmental activities were taken up and continued :
melting and fabrication of Zr-Nb-Cu alloy for garter springs; fabrication of
cupronickel tubes; fabrication of booster rod assembly; coating of beryllium
on zircaloy and brazing for the development of split-spacer technology;
thin-wailed thorium tubes.
To ensure quality standards of components, sub-assemblies and fuel
elements, testing and inspection wèie carried out on a routine basis.
Specialised NDT and material evaluation jobs were undertaken against
specific requests. Quality surveillance jobs connected with R-5 project and
of fuel bundles and zircaloy components for TAPS and RAPS were carried
out.
REPROCESSING AND ACCOUNTING
R & D effort in the field of reprocessing were continued to establish new
analytical methods and to improve the accuracy of the existing methods.
Process control, nuclear material accounting o.'d assay of the final products
are some of the major areas wherein these analytical techniques play a very
important role. Efforts were also directed towards the improvement of
process design and engineering aspects. Significant among the completed
and near complete studies are : Estimation of plutonium in microgram
quantities by constant current coulometry; precise estimation of uranium
in milligram quantities in process solutions by volumetry ; recovery of
americium-242 from waste solutions after separation of plutonium ;
separation of uranium-233 from irradiated thorium.
!
Studies on the following are in progreiss : separation of U2*3 from thorium
by cation exchange resin; rble of silicon compounds in the formation of
inter-phase precipitates in solvent extraction process ; studies on the use
of chemical inhibitors to prevent the degradation of tributyl phosphate;
i
recovery of neptunium.
.
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RADIOACTIVE WASTE MANAGEMENT AT BARC
At the effluent treatment plant about 8,350 M 3 of radioactive effluents
from various units at Trombay were decontaminated during the year. The
capacity of the sludge handling plant of the Fuel Reprocessing Division
is being increased and, on an experimental basis, the concentrates from
the plant have been subjected to solar evaporation for achieving volume
reduction. Based on the results of this operation it is proposed to instai a
solar evaporation system for sludge concentration.
At the radioactive solid management site at Trombay, an enclosed glove
box area is being fabricated for neutralisation and solidification of higher
active liquid wastes.
Facilities and assistance were provided to isotope users from different
parts of the country for disposing radioactive waste at Trombay.
An effluent management facility for R-5 is under construction at Trombay.
Vitrification of High Level Wastes: Glass matrices development for high
level waste incorporation was continued. Melt composition development
work for sulphate waste has yielded encouraging results. Analysis of
melting behaviour and end product characteristics of a large number of
glass matrices developed for non-sulphate wastes resulted in identification
of seven promising glass systems. A detailed programme of study for
preparation of triangular phase diagram for pinpointing suitable glass
forming regions for all these systems is underway. Apart from the theoretically
projected waste compositions, a set of additional ten waste compositions
marginally differing from the above to take care of any probable variations
are also under investigation. Design, fabrication and procurement of the
mock-up vitrification unit were completed. Installation of the unit is almost
complete.
Actinide Separation!Fixation : Studies on fixation of actinide-bearing
wastes from reprocessing plants in naturally occurring clay minerals were
continued. A large number of promising minerals such as vermiculites and
bentonites are under investigation to study the retention of loaded fission
product nuclides and other physico-chemical characteristics.
Air Cleaning Engineering Studies: Experimental investigations were
carried out to develop suitable techniques for containment of gaseous
radioisotopes of iodine, xenon and krypton produced in nuclear reactors
to minimize their discharge to the atmosphere. Activated charcoal of
local origin produced from coconut shells was investigated as adsorption
material for these isotopes. Utilization of sand as gas filtration material
in nuclear plants was also investigated. Pilot plant studies were undertaken
to develop a system for reducing the discharge of gaseous radioactivity
from power reactors to the environment., Production of H EPA filters required
for use in nuclear power plants, laboratories and fuel reprocessing plants
was continued. Production of certain filters of new design was taken up
for import replacement.
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Facilities for the generation and detection of sub-micron aerosols useful
in testing of air cleaning systems, monitoring of clean air systems and
environmental monitoring are available. Facilities for testing adsoiption
properties of solid adsorbents have been designed. Development of a
small particle monitor, continuous condensation nuclei meter and monodisperse aerosol generators has been taken up. Investigations for the
development of suitable techniques and design of systems for control
of atmospheric pollution from operation of nuclear facilities were continued.
The techniques so developed were extended to conventional atmospheric
pollutants like sulphur dioxide, hydrogen sulphide etc. A model institutional
incinerator was developed and is being installed for the disposal of garbage
arising from BARC and DAE hospital complex. Alternative designs of an
off-gas treatment plant for controlling the release of gaseous radioactivity
from power reactors have been worked out for comparison. Design, fabrication and erection of a similar pilot plant which will.provide details for
optimising the operational parameters of such plants was completed.
Studies on the treatment of off-gases in a fuel reprocessing plant were
taken up. An improved respirator filter for protection against radioactive
particulates was developed. It is comparable in its performance characteristics to the best imported filters.
Low and Intermediate Level Liquid Effluents: Studies were completed
on the development of an advantageous method for the removal of fission
and activated corrosion products by the use of hydrated manganese
dioxide instead of conventional calcium iron phosphate treatment. Studies
are underway for the use of minerals such as pyrolusite, barytes etc. in
the treatment of radioactive liquids. Studies are in progress on the separation
of specific radionuclides from waste solutions using hydroxides of polyvalent
metals.
Geohydrological Investigations: Preliminary post-shot investigations have
been concluded at the PNE site. Processing of the data has provided
valuable information on the phenomenology and other aspects such as
the distribution of radioactivity underground, disturbance of geological
media, change in engineering properties of the media etc. Further laboratory
investigations are continuing. Geohydrological investigations at waste
burial ground at TAPS are in progress. Ground water recharge studies in
Western U.P. have been completed for nine districts and work is in progress
for the remaining eight districts. Simulation of aquifer characteristics by
digital modelling to be followed by an R-C analog network of HindonKrishni Doab area is in progress.
Solar Energy: Work on the development of suitable solar ponds and
solar heaters for concentration of radioactive liquid effluents is in
progress.
Production: During the period between April and September of 1975.
1250 different types of filters were produced in the pilot filter production
unit. Total production cost is Rs. 2.22 lakhs with a foreign exchange
component of Rs. 0.40 lakhs. The estimated cost of equivalent
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imported filters is Rs. 8.84 lakhs, with a foreign exchange component
of Rs. 5.62 lakhs. This resulted in a saving of Rs. 6.62 lakhs, with Rs. 5.22
lakhs in foreign exchange.
Know-how Transfer: Technical know-how for the production of high
efficiency particulate air filters has been transferred to a private industrial
firm. As these filters are currently being imported in large numbers for use
in electronics, nuclear and pharmaceutical industries, a saving to the tune
of Rs. 50 lakhs per annum in foreign exchange is expected when full-scale
production is taken up by the industry.
RADIOACTIVE WASTE MANAGEMENT OUTSIDE BARC
A number of radioactive waste management projects are being constructed
outside BARC. At Tarapur, a waste immobilisation project, a solid storage
surveillance facility, a repository for immobilised waste products, and a
waste management facility are under construction. Besides these, there
is also a project to augment the present radwaste facilities at the site.
The liquid waste treatment plant and decontamination centre of the Tarapur
waste management facility became operational during the year. The solid
waste management facility, which has been operating for some time,
continues to meet the needs of the Tarapur station and the adjoining
fuel reprocessing plant. Facilities are being added for disposal of highly
radioactive solid wastes from the fuel reprocessing plant.
The centralised waste management facility at Kalpakkam is partly ready.
The operational phase of this facility commenced partially in May 1975
with the receipt of the first consignment containing radioactive solid
wastes in concrete casks from the Indian Rare Earths Ltd., Alwaye.
A liquid effluent management plant is being designed for MAPP.
At the Rajasthan Power Station site, a scheme for solar evaporation of
radioactive liquid effluents has been finalised. It is expected that this
facility will be operational during the next financial year.
A conceptual design for the Waste Management Facility for the Narora
Atomic Power Project has been completed and geohydrological studies in
relation to soil, water table, ground water characteristics etc. have been
undertaken.
HEALTH PHYSICS
During the year, the health physics units in different facilities of BARC,
TAPS, PREFRE, RAPP, UCIL, NFC, MAPP, RRC and (RE at Alwaye
continued to provide routine health and safety services to their respective
installations. At TAPS, special health physics coverage was provided during
refuelling outages of the two units and repair work to plug the leaks in
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SSGs. At RAPP, special investigations were conducted on tritium levels
in process water, services water and the mam outfall.
The environmental survey laboratories at tarapur and Kota continued
their routine programmes of monitoring radioactivity in the terrestrial,
marine/aquatic environment of the power stations. An environmental
survey laboratory was commissioned at Kalpakkam.
To assess the hazards arising from conventional air pollutants in various
industrial operations and development activities, periodical surveys were
made for estimation of mercury, ammonia,, xylene, hydrogen fluoride,
oxides of nitrogen, benzo-a-pyrene etc. in the work atmosphere. Under
the Accident Prevention Programme, investigation of accidents for possible
causes, periodical releases of analyses of accidents and, other educational
materials, follow-up action to ensure implementation of recommendations
etc were continued. Safety surveillance was rendered wherever hazardous
operations were undertaken. As part of the educational activities, it was
sought to maintain employee safety awareness by screening safety films,
display of safety posters, organisation of safety contests and suggestion:
systems. The National Safety Day was cerebrated in an elaborate manner.
Radiation Physics. Mathematical formulation for the study of timedependent neutron transport in spherical systems was completed. Build-up
factor studies for finite media weçè done using the ASFIT code and empirical
relations were obtained for various shielding materials. The scattering
of gamma-rays at various distances from point and isotropic plané sources
of 60 Co in air and water was theoretically studied using Mont^ Carlos
techniques and good agreement with experimentally measured values was
observed.
v
The order-disorder mode) (ODM) developed earlier for the nuclear fission
process was used to evaluate isotopic and charge distributions, independent
yields of fission products, neutron evaporation and energy distribution
in individual fragments of fissions produced by high energy neutrons.
Gamma-gamma and gamma-to-neutron ratios of short-lived fission products
were used for identification of fissile materials as well as assessing their
ratio in a mixed fuel. To study activation products with millisecond halflives, the existing neutron chopper was modified to a revolving-system
in which the target is placed at the rim of a wheel for irradiation in a co!!i r .,;
mated beam of neutrons.
^
Nuclear Safety: Criticality safety evaluations were made for PREFRÉ
dissolvers and for various equipment in FRDL, Kalpakkam. Safe storage ,;1
arrangements were specified for PuO2 and enriched U0 2 powders required f
for FBTR fuel fabrication at Radibmetallurgy Laboratory.
J
Thermoluminescence and Radiation Detectors: Single crystals of t o
CaF2 (Eu) wer© grown in various sizes. The. crystals have been found '
specially useful for spectrometry of low-energy ; X - , gamma, beta and
alpha-rays. Thermoluminescencaof^geoJogical materials is being studied

systematically with a view to utilizing the technique in prospecting of
radioactive minerals.
Aerosols: Under a research contract with the IAEA, studies on several
properties of the decay products of thoron and the characterisation of
aerosols in uranium and thorium processing areas were continued. Polydisperse aerosols of polystyrene tagged with l03PdH-slCr were generated
in a form suitable for inhalation by human volunteers. These aerosols were
required for in vivo calibration of the plutonium-in-lungs counter. Monodisperse albumin microspheres tagged with 99mTc were prepared for
dynamic function studies in nuclear medicine.
Environmental Studies: The Division has entered into a research contract
with the IAEA to study critical pathways of radionuclides in food chains.
Much of this work will be done at the Environmental Survey Laboratory
at Tarapur. Investigations on the physical and chemical aspects of thermal
discharges into a lake water system are continuing at the Environmental
Survey Laboratory, Kota, and form a part of the work being carried out
under an IAEA research contract. At Trombay, investigations were carried
out on the interaction of Pu in the aquatic environment and of organometallic interactions in the marine environment. Activities have been
extended to study the pollution resulting from discharge of industrial
effluents containing toxic substances. A procedure has been developed
for controlling release of mercury from chlor-alkali industries.
Micrometeorology: The height of the mixing layer is an important parameter in the study of transport of atmospheric pollutants. This parameter
was estimated for Bombay city by two methods using micrometeorological
data collected for a period of 1 year. These studies are being extended
to the power reactor sites. The radiation doses to the environment resulting
from gaseous radioactive releases from TAPS were estimated using data
obtained from the 120-metre high micrometeorological tower. At Trombay
studies were continued on atmospheric turbidity and dust load using
optical extinction method.
Radioecology: The impact of thermal, chemical and radioactive effluents
and synergistic effect on the metabolic rates of three edible clam species
was studied under the laboratory as well as field conditions. The populations
were transplanted at three stations each representing thermal zone, 35-30°C
31 -29°C and 29-27°C in the 1 -km long discharge canal at TAPS. No
significant effect was observed on the bioaccumulation of Cs, Co and i
radionuclides due to elevated temperatures in the range 27-35°C. Under
the laboratory conditions, also within the range of filtration (feeding),
rates remained practically the same. It is concluded that in tropical coastal
environment, release of waste heat does not adversely affect the physiological rates in poikilotherms as long as the increase in ambient temperature
is maintained in the range 27-35° C within which the physiological rates
are adjusted by some homeostatic mechanism. Chronic exposure at upper
limits of the range may, however, affect the physiology of reproduction,
including maturation of gonads, larval development and migration patterns.
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Tritium: In the context of our country's nuclear power programme based
on CAN DU-type power reactors in the first phase, it becomes important
to study the behaviour of tritium in the environment. Different aquatic
organisms and terrestrial plants are being studied for tritium persistence.
These studies form part of a coordinated research programme on tritium
sponsored by the IAEA. Significant among the observations so far is
the fact that different compartments of an agricultural environment such
as soil, plants, atmospheric media etc. have different rate constants for
tritium release. Most of the plants/trees studied have shown long-lived
components due to organically bound tritium. A peculiar phenomenon,
namely, fruits and flowers concentrating tritium at rates different from
that of leaves, has been observed.

RADIOLOGICAL

PROTECTION

The Division of Radiological Protection is responsible for the assessment
and control of exposures from ionising radiations to radiation workers in
the country. Country-wide air monitoring programmes, including radioactive
fallout studies and research on special problems of aerosols and conventional pollutants, are carried out. The Division conducts surveys of institutions using radiation sources for diagnosis, treatment, application in industry
and research; advises the users on the planning of radiation installations
and safety aspects in the use of ionizing radiations; develops special
protection monitoring and measuring instruments, and trains personnel in
the safety aspects of industrial, medical and other uses of radiation.
Measurements and calculations of radiation doses required in special
situations in cancer therapy have been carried out. Computer programmes
were evolved for calculating dose distributions taking precisely into account
the patient body contours and lung transmission corrections. Dosimetry
for various loadings and positions of source pencils in cathetron, a remote
controlled afterloading applicator, has been computed and experimentally
verified. Dosimetry of single and arrays of line sources of californium-252
needles has also been worked out using nuclear track emulsions.
Feasibility of using an isotopic neutron source by activation analysis
was studied to estimate aluminium in bauxite ore. Experiments conducted
using a californium-252 neutron source indicate that bauxite ores can be
conveniently analysed for aluminium content as low as 2.5% with a 15 jig
quantity of 25Z Cf and a portable scintillation spectrometer.
Thermoiuminescent dosimeter badges developed last year for personnel
monitoring of radiation workers were mass produced and introduced for
field use at the Tarapur Atomic Power Station. These indigenously produced
badges will eventually replace most of the film badges currently being
used in institutions all over the country. Thermoluminescent badge readers
were also developed and fabricated for quick and on-the-spot evaluation
of personnel doses. In order to keep centralised records, interface circuits
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for typewriter drive and for Tally punch operation required for electronic
data processing of TLD badge reader data were also developed.
The Air Monitoring Section continued its programme of country-wide
monitoring of the environment for radioactive fallout. Experiments have
been carried out at Kotar Gold Fields and Tuwa for assessing natural
radioactivity levels. Some glacier samples have also been analysed for
their natural radioactivity contents. Rapid chemical procedures for separation
of radium from its daughter products and for trace element study by neutron
activation have been developed.
The country-wide personnel monitoring for evaluating radiation exposures
covered nearly 38,000 radiation workers from 2,106 institutions. The
corresponding figures for the previous year were 35,000 and 1,975 respectively. The country-wide radiological protection surveys were conducted
in 121 institutions consisting of 75 medical, 32 industrial and 14 agricultural
and research institutions. Three emergency surveys as well as ten special
surveys involving source loading operations, source calibration, discussions
etc. were also conducted.
The Advisory Group of the Division processed 327 plans during the year,
mainly connected with X-ray and teletherapy installations, industrial
radiography installations and radioisotope laboratories. 39 radiation installations were approved for final construction. Advice on the use of
radiation sources, equipment and associated safety aspects were given
in 944 cases. 1,488 applications for procurement of radioisotopes from
potential users were scrutinized and processed after ensuring that their
proposed or existing facilities were adequate for the handling and use of
radioisotopes.
The Radiation Standards Laboratory of the Division is responsible for
maintaining primary standards for the measurement of exposure and
absorbed doses of X, gamma and paniculate radiation. Various radiotherapy centres in the country get their secondary standard dosimeters
calibrated periodically against these primary standards. An intercomparison
of the Division's primary standards was conducted during the period with
those kept at the Bureau de National Metrology, CEA, Paris. Results
gave an agreement of + 0.2% for gamma exposure and + 0.5% for the
80 to 100 KV X-ray region.
SAFETY EVALUATION
The Safety Evaluation Section is responsible for providing reactor physics
and safety evaluation assistance for the operation of the reactors at Trombay.
It is also responsible for the core physics design for the R-5 reactor.
Over 4,500 samples were evaluated in detail for reactivity effects, heat
production and radiation shielding for irradiation in the reactors. In addition,
special irradiation requests for neutron radiography of cords containing
explosive charge, mock-up end-shield model experiments and liquid
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poison reactivity measurements for assessing R-5 reactor nuclear parameters and irradiation testing of a plutonium-aluminium alloy fuel, were
evaluated for nuclear engineering and safety aspects.
R-5 reactor safety evaluation work was initiated. A neutron kinetics code
for evaluating reactivity excursion accidents was commissioned and the
preliminary studies show that the R-5 reactor reactivity control design
parameters chosen are satisfactory.
Safety evaluation criteria for the operation of Tarapur Atomic Power Station
with extended fuel cycle lengths, have been identified and cover reactivity
shut-down margin, reactivity coefficient and control rod worth requirements
to guard against design basis accidents. Preliminary studies show that
it may be possible to extend fuel cycle lengths without affecting safety,
thus enabling longer operating periods without refuelling.

HEAVY WATER PLANTS
Heavy Water Reconcentration Facility and Its Developmental
Activities
The overall performance of Heavy Water Reconcentration Plant at Trombay,
which is being operated continuously for upgrading diiutad heavy water
from Cl RUS and ZERLINA, has been satisfactory. Considerable progress
has been achieved in the development of efficient column internals suitable
for final concentration of heavy water based on vacuum distillation. Since
initial tests in a smaller diameter column appeared encouraging, these
tests are being carried in a test assembly with a large diameter column.
Corrosion Test Assembly
This assembly has been operated for considerable time to test the suitability
of material for demister tray, to determine the limiting torque value of
indigenously manufactured fasteners stressed to a particular set of values
and clad plate welded samples to study the effect of repeated stress under
the simulated conditions of H2S-H2O exchange process for heavy water
production adopted for the heavy water plant at Kota though the standard
testing, mechanical as well as non-destructive, revealed soundness of the
weld. These samples are being subjected to extensive tests in both hot
and cold tower conditions. In addition, stellited samples of valve components were tested wherein metallpgraphic examinations and hardness
testing was done before and after putting the samples in the test assembly.
These tests revealed that the indigenous manufacture of the Valves requires
modification of the procedure of stelliting to meet the required specifications.

MAPS Upgrading Plant
Pilot plant, equipment layout, design of equipment, preparation of fabrication
drawings and listing of materials was completed.
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Upgrading of 2-5% Tritiated Weter st FCI at Nangal
On the completion of the necessary modification at FCI, Nangal, the
upgrading of 2-5% heavy water was initiated. The performance of additional
facility has been found to be satisfactory and considerable quantities of
reactor-grade heavy water have been recovered.
Amino-Hydrogen Exchange Process
Experimental runs were carried out in an autoclave for collecting data
on separation factor for this process for the temperature range of 30 to
60°C. The data collected are in good agreement with the values calculated
from spectroscopie data.
Chemical Laboratory
A number of chemical analyses of different samples and instrumental
analyses of heavy water concentration by infra-red spectrometry, refractometry and mass spectrometry have been carried out. Work on the survey
of natural abundance of deuterium in the country was continued. Work
was initiated on the preparation of a catalyst suitable for Hz-H20 exchange
process. Experiments have been carried out to study the effect of KNH2
dissolved in liquid NH3 on rust and to study diffusion of argon gas from
liquid (dissolved) to gas phase.
HEAVY WATER PLANT, NANGAL
The performance of the Heavy Water Plant at Nangal has been satisfactory.
A facility was incorporated near the electrolyser plant building for the processing of 2-5 per cent heavy water as feed.
TARAPUR FUEL REPROCESSING PLANT
As a part of the pre-commissioning trial runs after a campaign with natural
uranium, the plant has been in operation processing depleted uranium
for use in fuel bundles. The processed uranium oxide is being supplied to
Nuclear Fuel Complex for further processing. The performance of various
systems and equipment is being studied with the help of BESM-6 computer
whenever found necessary to check reliability over extended periods of
operation.
The irradiated fuel storage pool in the fuel handling area was in operation,
including the contaminated pool water recirculation and polishing system.
CENTRAL WORKSHOPS
The Central Workshops (CWS), besides catering to the needs of the Divisions
of the Centre, undertook jobs for the various DAE projects. The total turnover
72

curing the year was about Rs. 250 lakhs. The foreign exchange saving
effected was about Rs. 90 lakhs.
Among the major jobs undertaken are: deflector assembly and LCW &
R.W. heat exchangers for VEC project, components for an electron beam
welding machine, condensers for N.F.C., special glove boxes, fuelling
machine test carriage, prototype horizontal flow roots, mechanical vacuum
pump, mass spectrometer, electromagnets, hydraulic press, air lock, fuel
transfer system, watercooled thermal shields etc.
The major achievement was the completion of end-fitting bodies for MAPPI and about 30 per cent of the end-fitting bodies and liner tubes for MAPPII. Assembly of the first fuelling machine head for MAPP-i was completed.
Majority of the components for three more fuelling machine heads for
MAPP-II were also fabricated. Assembly of the sub-assemblies of these
machines was taken up. Preliminary work on the fuelling machine heads
and end-fitting bodies for the Narora project was taken up.
For the R-5 project, master templates and machining and fabrication fixtures
for the fabrication of calandria were completed. The fabrication of inlet
plenum and shell for the calandria, support frame for poison tubes and
experimental holes and mock-up guide tub*«5 for coolant channel assemblies
is in progress. Preparatory work on fuel cnannel assembly manufacture was
started.
COMPUTER FACILITY
In the reactor environment and other nuclear experiments, data is collected
on many multi-channel analyser systems. This raw data requires processing
on computers. For this purpose, input/output channel of H-400 computer
has been extended by developing an I/O channel multiplexer which can
provide 5 input and 4 output channels in which fast paper tape, tape to
tape conversion system, CRT display terminal, real time clock, communication link, etc. can be connected. A digital data communication link has
been specially designed for transfer of data from multi-channel analysers
on long coaxial cables to computer. A display terminal to monitor data
received from the communication link can display alpha-numeric characters
as well as graphical outputs.
j
The expertise available with the Computer Facility and Electronics Division
is likely to be utilised for developing reliable peripherals which are not
available at present in the country.
BESM-6 Computer has been operated for three shifts round-the-clock
for nearly 3 years now. At present, nearly 500 scientists and engineers use
t>>3 computer for the scientific and engineering computational work.
The availability of the system last year was about 98 per cent. The system
down-time has been reduced considerably after the installation of no-break
power supply.
The computer was operated almost continuously without any major breakdown during the year. System augmentation work was carried out to enhance
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system capability which included both hardware development and system
support by software.

LIBRARY AND INFORMATION SERVICES
During the year, 130 technical reports embodying the results of research
and development work done in the Centre, and the proceedings of symposia,
seminars etc. held under the auspices of the DAE and the Centre were
brought out. These publications were distributed to scientific organisations
and institutions, universities and national laboratories in the country, and
also atomic energy organisations outside. The publication and dissemination
of the four current awareness bulletins, one of them computer-based, and
the computer-based SDI (selective dissemination of information) service
covering selected technical reports' literature was continued.
The Library holdings now stand at 87,900, comprising 51,800 books
and 36,100 bound volumes of periodicals. It receives some 1,575 scientific
and technical periodicals, mainly in the nuclear and peripheral fields,
310 being on exchange basis or gratis. The Depository Library now has
3,42,000 scientific and technical reports, mainly in the field of nuclear
science and technology. To this collection, which is one of the largest of
its kind anywhere in the world, 35 to 40 thousand new reports are added
annually.
During the year, some 49,000 books and bound volumes, and 10,110
technical reports were issued to 8,300 persons with reader's tickets. Besides,
over 900 books, bound volumes and reports were issued on inter-library
loan to various universities, scientific institutions, national laboratories etc.
Two hundred and eighty-five scientists and engineers working in other
institutions were permitted to use the Library.
The INIS Group continued its activities in connection with India's participation in the computer-based International Nuclear Information System
(INIS) established by the IAEA at Vienna. During the year, 1,000 items
falling within the INIS subject-scope published in India were recorded.
India has so far contributed 3,980 items to the System, amounting to about
2% of the INIS data bank.

PERSONNEL AND TRAINING
One hundred and seventy-one graduates in science and engineering of
the 18th Course of the Training School trained for one year from August
1974 to July 1975 were absorbed in various Divisions of the Centre and
other units of DAE. Besides, 25 engineering graduates selected for training
in reactor operations and maintenance engineering received training for 6
months at the Training School and were given on-the-job training in
the Reactor Operations Division and some other Divisions for another 6
months. They were allotted to Reactor Operations Division, RAPS and
TAPS. •
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One hundred and sixty-five graduates in science and engineering joined
the 19th Course of the Training School which commenced in August 1975.
In addition, 25 engineering graduates selected for training in reactor
operations & maintenance engineering for ROD, RAPS, MAPP and TAPS
are undergoing training in the Training School.
The following other courses were conducted during the year:
A two-week course on "Reliability Engineering" was conducted from May
12 to 23, 1975. 38 scientists and engineers of the Centre and other units
of the DAE participated in the Course.
A Refresher Course on "Conceptual Design Aspects of Heavy Water
Reactors" was held from September 1 to 6,1975.87 scientists and engineers
from the Centre and other units of the DAÊ attended the Course.
A six-week Refresher Course for University Post-graduate Teachers in
Physics and Chemistry was conducted in collaboration with the University
Grants Commission during the summer of 1975. 16 university teachers in
physics and 21 in chemistry participated in the Refresher Course.
Under the summer vacation training programme sponsored by the National
Council of Educational Research & Training, 40 National Science Talent
Search Scholars received training in research methodology in various
Divisions of the Centre under expert guidance.
Practical training facilities, forming part of the degree requirements, were
provided in various Divisions of the Centre for engineering students of
HTs and the universities.
Eight persons from universities & other institutions were trained in different
branches of spectroscopy.
A special three-week course on "Water Chemistry in Nuclear Power
Reactors" was conducted from January 5, 1976 for the staff of TAPS.
RAPS, MAPP & other units of the DAE.
The 11th short-term training course in 'Medical Uses of Radioisotopes'
was conducted during November-December 1975:
The one-year training leading to Diploma in Radiation Medicine (for
medical graduates) and Diploma in Medical Radioisotope Techniques
(for science graduates) of the Bombay University was continued for the
third consecutive year.
. ,
Twelve candidates selected from all over the country completed the 13th
one-year diploma course in Hospital Physics: & Radiological Physics. The
14th course commenced in September 1975 with 12 post-graduate students. Besides, 85 professionals from hospitals and industrial establishments
were trained in the safe handling of radiation sources by conducting five
short-term courses, each of four weeks' duration.
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Two courses on industrial radiography were held which were attended
by over 40 trainees from industry.
Advanced training was offered to medical and para-medical personnel in
the use of generators of short-lived radioisotopes, radioimmunoassay
techniques, quality control and so on.
Personnel from various research, academic and industrial organisations
were given training in the field of high vacuum technology.
The total strength of the Centre as on February 1,1976 was 10,854, comprising 2,840 scientific, 4,859 technical, 1,187 administrative and 1,968
general maintenance and auxiliary staff.
During the period April to November, 1975, 27 scientists were sent on
deputation for training abroad under Aided Schemes, 81 for participation in
international conferences, symposia, panel meetings etc., 2 were granted
extra-ordinary leave for higher studies abroad, and 5 were placed at the
disposal of the International Atomic Energy Agency as the Agency's experts
for periods ranging from 3 months to 2 years. Under agreements with
various countries, 6 scientists were deputed for training and 8 were deputed
to render expert services in other countries.
26 Indian universities have so far recognised BARC as a centre for postgraduate studies in various disciplines. 108 scientists of the Centre have
been accorded the status of university teachers by various universities for
guiding post-graduate students. During the year, 18 scientists qualified
for the award of Ph.D. and 27 for M.Sc. degrees of various universities.
Under the collaboration scheme between BARC and the University of
Bombay, 15 students are doing research work leading to Ph.D./M.Sc.
degrees. During the year, 3 students qualified for award of Ph.D.
degree and 1 for M.Sc. degree of the University of Bombay.
The Centre continued to provide training facilities to foreign nationals
under the Technical Assistance Programme of the International Atomic
Energy Agency, the Technical Co-operation Scheme of the Colombo Plan
and the Special Commonwealth African Assistance Plan and under various
collaboration agreements.
Upto November 1975, about 10,900 visitors including ministers, visiting
professors, foreign scientists, parliamentarians. Government officials, members of scientific and technical institutions, students, from schools and
colleges, Indian and foreign diplomatic personnel visited the Centre.
The BARC Employees Family Relief Scheme, which was introduced in
September last year, completed one year of its operation. During the year,
15 families of deceased employees were provided with substantial relief
amounting to about Rs. 18,000/- each on an average. The membership
of the Scheme at present is over 10,000.
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Reactor Research Centre, Kalpakkam
R & D Activities
The sodium purification loop has been commissioned and is in continuous
operation.
An eight-stage centrifugal contactor has been installed along with the
associated piping and tanks, and is being studied with simulated system.
Development of centrifugal contactors is of great importance for the
reprocessing of fast reactor fuels.
In the field of material science, theoretical study is in progress on some
aspects of radiation damage viz. nucleation and evolution of extended
defects, and basic collision processes involved in the irradiation of materials.
Models are being developed to study nucleation of voids, gas bubbles
etc. at different temperatures in factor environment. Theoretical analysis of
creep phenomenon and computer codes for calculating creep rates are also
being developed. For the high pressure programme, high pressure cells
capable of generating upto 50 kilobars are being fabricated. Irradiation of
stainless steel was carried out in the Van-de-Graaff accelerator at Trombay
to assist preliminary evaluation of the plans for charged particle irradiation
of materials in the Variable Energy Cyclotron at Calcutta to be commissioned
during October 1976.
Fast Breeder Test Reactor
The reactor containment building, and the turbine and service buildings
are nearing completion. The structural work for the active building below
ground level has been completed and work on the construction of the
control building has been taken up. The fabrication of reactor assembly, intermediate heat exchanger, and steam generator, control rod drive mechanism
and sodium pumps is being undertaken by Indian engineering firms.
Fabrication of such equipment to the stringent specifications required for
service in liquid sodium at high temperatures in fast neutron radiation
environment is being undertaken for the first time in India.
Work on the Reprocessing
Safety Research Laboratory
Laboratory is expected to be
foundation of the hot cells
completed.

Development Laboratory is in progress. The
has been completed. The Materials Science
ready by June 1976. Excavation work for the
of the Radiometallurgy Laboratory has been

Service Facilities
The Central Workshop is in operation. Civil works on the Central Water
Chilling Piant-cum-Central Switching Station are nearing completion and
installation work in the 33 KV switchyard is in progress.
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Tata Institute of Fundamental Research
School of Mathematics
The School is engaged in research in various branches of Mathematics
like Algebra, Algebraic Geometry, Analysis, Combinatorics, Lie Groups,
Number Theory and Topology., in which topics about 60 papers have
been written.
Two faculty members received high national awards during the year:
Prof. C. S. Seshadri was awarded the Shanti Swarup Bhatnagar Award
for the year 1972 while Prof. V. K. Patodi received the Indian National
Science Academy Medal for exceptional contributions to the advancement óf knowledge.
Prof. M. S. Narasimhan lectured at the Summer College on Complex
Analysis held at the International Centre for Theoretical Physics, Trieste,
itaiy, from Juiy i to Juiy 21,1975. Five eminent mathematicians, including
four from foreign universities were in residence at the School.
A book entitled 'Discrete subgroups of Lie groups and Applications to
Moduli' and a mathematical pamphlet No. V entitled 'Homological Methods in Commutative Algebra' were published during the year.

School of Physics
A.

THEORETICAL PHYSICS

The main contributions of the Theory Group of TIFR during the year,
1975-76 have been in the areas of High Energy Physics, Nuclear Physics,
Solid State Physics and Astro-Physics. In Theoretical High Energy Physics work was done on the narrow resonant states <p/J(3.1) and <p(3.7)
studied in the charm scheme, and implications for classification of ordinary 0 + and 1 + states studied. Role of PCAC in Ç ( 3 . 7 ) - J - J + 2 T C was
brought out. Unitarity corrections to Okubo-lizuka-Zweig rule in <K f ',
B, J , <f ' decays were calculated. Inter-relation between photoproduction,
radiative decays and total cross-section of J was studied. A long standing
problem in chiral symmetry for YJ ' decay was solved. Notion of different
asymptotic scales associated with different quarks was introduced and
and applied in Ç(3.7)-*-JT(-TJ, ? (3.7)—>-TJC + t u and classification of
intermediate states- The discovery of the <p and the ç' has resulted in
investigating anew the basic SU(3) nature of the electromagnetic current.
The yield of <p particles in NN collisions was calculated in a model which
associates the production of heavy particles with large PT thereby showing that <f(3.1) has a fairly strong coupling to other hadrons. A criterion
in the search of charmed particles and a parametrization for the expected
yields were proposed. A theoretical interpretation of the new phenomenon observed in the neutrino experiments at Kolar was proposed,
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introducing a new quantum number both for leptons and hadrons. Consequences of the associated production of charmed hadrons was studied
in the context of the dimuon events observed in neutrino collisions.
The consequences for deep inelastic lepton-hadron scattering following
from unified gauge models based on in^graüy charged quarks were
discussed. The problem of scaling and colour manifestation in these
models with coloured quarks was studied. Gluon point-couplings in deep
inelastic neutrino scattering were shown to lead to power violations
of Bjorken scaling. In connection with the newly discovered particles.
SU(3) symmetry was extended by proposing a new additive strong interaction quantum number, the paracharge Z. A theory of weak interactions
was constructed in the paracharge scheme. Operator solutions to nontrivial U(n)-symmetric generalizations of Thirring-Wess and Schwinger
models wore given. A new theotem was proved showing the diagonality
of the stress trace between states of equal momenta. A test of the presence of isoscalar parity-violating neutral currents, required by most gauge
theories, was proposed for lambda-hyperonic final states in electronpositron collisions. Charge transfer in multiproduction of particles in
high energy proton-proton collisions was studied. The general problem
of bounds on elastic absorptive parts with any number of constraints
involving partial wave amplitudes linearly and obeying unitarity was
solved. Rigorous sum rules and a comolete set of bounds on pion-pion
scattering lengths were obtained. Work on unitarity bounds on inelastic
processes was continued, resulting in bounds which are almost violated
by experimental data; this leads to new methods for discriminating
among elastic amplitudes compatible with "Complete" measurements.
It was shown that the recently proposed "chemical" explanation to the
soiar neutrino puzzle is incorrect; aspects of neutrino physics which
might explain the puzzle were investigated.

In Nuclear Physics, a theory of isospin mixing in nuclear resonance levels
was proposed. The model tests and the applications of the variational
methods developed for nuclear structure problem were carried out. The
problem of crystallization of dense neutron matter was continued. A
system of dense nucléons and mesons have also been studied in the
classical approximation. A new formulation based on parametric differentiation has been developed to study the average cross sections for interfering compound nucleus resonances.
In Solid State Physics, the nature of interface exciton modes and superconductivity of a metal in contact with a semiconductor was investigated
and showed that the superconducting transition temperature for such
a system could not be enhanced by a factor of more than two. Approximate analytical solutions for laser-driven implosions of .deuteriumtritium pellets were obtained to confirm the theoretical feasibility of a
fusion reactor for power generation. Studies on the a. c. Josephson effect
in superfluid helium, the ground state energy of 3 He, the critical behaviour of coupled systems within the spherical model, the microscopic
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electromagnetic fields and the lattice dynamics of group-IV insulators and
the excitation spectrum of the Heisenberg linear chain were continued.
In Theoretical Astrophysics, the problems investigated are: Cosmology
and relativistic astrophysics, with reference to the problems of quasars,
redshifts, black holes and white holes; tachyons in curved space-time,
radiation from stationary charges; physics of neutron stars and astrophysics of binary X-ray sources; waves in the solar atmosphere; interstellar medium including grains and molecules and cometary grains.
B.

EXPERIMENTAL PHYSICS

Nuclear Reaction studies have been continued using the TIFR cascade
generator, the Van de Graaff machine and the Apsara and Cirus reactors
at BARC. The alpha-decay widths have been measured at the split components of the isobaric analogue resonances by studying (P.-c<)
reactions on 23Na and 27 AI. Coulomb matrix elements responsible
for isospin mixing have been determined. Using (n,X) discrimination
in a fast response liquid scintillator, in-beam magnetic moments in 75Se
and 81Kr states are being attempted at the Van de Graaff machine. The
g-factor measurements in the pure (g 7/2 ) 2 proton state in the neutronclosed shell !34 Te nucleus is in progress.
A 20 cm' true co-axial Ge(Li) detector was successfully fabricated and
tested. In the Atomic Physics programme, the 30 keV generator is ready
to deliver mass-analysed beams of singly-charged He, Ne and Ar beams.
Work on charge exchange reactions using windowless gas targets is
in progress. A pyroelectric detector for detecting fast neutral atoms is
being developed.
The Nuclear Spectroscopy group has applied the technique of perturbed
angular correlation to study the electric field gradients and the interna!
magnetic fields in a number of systems. A T 3 / 2 dependence of the quadrupole interaction parameter of m l n in Sn has been observed above 200 K.
Studies of the quadrupole interaction of 117ln in Zn and l8lTa in Sn and
Zn have been made. Similar measurements of 133Cs in Ba(N0 3 ) 2 and
Ba (CO 3 ) 2 and in ferroelectric CdHfO3 have been performed. Hyperfine
magnetic fields were measured at Pt in PtMnGa and at As (introduced as
impurity) in Gd. The g-factor of the 659 KeV- state in U7 ln was measured.
The penetration matrix element parameter of the El transition in l87Re is
being studied using high resolution double focussing beta-ray spectrometer.
Shell model calculations of penetration effect were extended to magnetic
hexadecapole transitions. The ESCA machine is now in final phase of
assembly and is expected to go into operation soon. A pair-cum-Compton
suppression spectrometer for improved gamma-ray spectroscopy is under
construction.
Solid State Physics: The technique of Mössbauer spectroscopy has been
applied to a number of binary and ternary alloys such as NiFe, CoFe,
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NiFëCo and NiFeCr. Significant information about local environmental
effect and contribution of conduction electron polarisation to the hyperfine
field has been obtained. The effects of external magnetic and electric fields
on Ga2O3-Fe2O3 system are being studied. Calculations carried out here
show the utility of a triple resonance involving Mössbauér resonance and
microwave-optical double resonance. The lifetimes of positronium atoms in
teflon irradiated with gamma rays have been measured. It is found that the
second component increases with the increase in dose of irradiation, the
other two components being unaffected. The Mössbauér spectroscopie
studies in dilute magnetic alloys at 0.3 K will be undertaken as soon as
the closed cycle 3He-refrigerator is ready. The positron angular correlation
machine is expected to be completed soon.
NMR in transition metal alloys and rare earth alloys is continued for understanding the electronic nature of alloys. Ultrasonic attenuation in ferroelectric
single crystals has been studied as a function of temperature. Solgel and
pyrogel techniques have been perfected for obtaining fine powders of
ferrites and thoria.
In Chemical Physics studies wer continued on the structure and function
of molecules of biological and medicinal importance, the interactions of
metal-ions with nucleic acids and organisation of phospolipids in biomembrances. Absolute efficiencies in electro-chemiluminescence of different
types of electron-transfer reactions involving the charged free radicals of
polynuclear aromatic hydrocarbons, aromatic amines and quinons have
been measured. Using a pulsed nitrogen laser, the fast physico-chemical
changes following laser photolysis are being studied. From the observed
microwave spectra of 1, 2, 3, 5 tetraflurobenzene and 2, 6-difluropyridine
relevant molecular parameters have been evaluated. The effect of halogen
and cyanogen substituents on the pyridine ring skeleton has also been
studied. Magnetic properties of transition metal complexes were continued,
with special interest in spin-crossover mechanisms. Electron spin lattice
relaxation studies of molecular motions in liquids and frozen media ate
being carried out. Information about the molecular motions obtained from
studies of g-factor at various temperatures, ESR has also been used to
understand the critical fluctuations associated with the phase transition in
some ferroelectric alums. Investigations are in progress to determine whether,
by using small pulsed magnetic fields, it is possible to observe crossrelaxation effects in electron spin resonance of free radicals. The temperature
jump instrument, assembled recently, is now being used in the uvand
visible range of electromagnetic radiation between 8° C and 40° C. Experiments on lysozymes are in progress.
The study of the co-operative phenomena in solids has been the main area
of interest in Low Temperature Physics. Efforts were continued on the
experiments on 'phonon hang' and the room temperature super conductivity. The current densities in excess of 10s amp/cm2 have been achieved
in macroscopic aluminium specimens at 4K. A further noteworthy achievement has been the successful design and construction of a 4K - 400K
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direct reading digital thermometer. Interdepartmental collaborative work is
also b&ing carried out on a 3He/4He dilution refrigerator, a pulsed NMR
thermometer and on the theoretical formulations of the problems of high
temperature superconductivity and cerenkov phonons in a metal.
In the X-ray and Gamma-ray Astronomy studies, the crab nebula, an
interesting astronomical object, was studied using a balloon borne multidetector assembly (in collaboration with Japanese scientists) during lunar
occultations. From these studies, the size of the X-ray emitting region of
crab nebula was accurately determined. Work is in progress to detect high
energy X-rays from the X-ray pulsar Hercules X-1 and also to study the
recently discovered X-ray and gamma-ray bursts. Two rocket flights are
scheduled for studying soft X-rays from cosmic X-ray sources.
Low energy galactic cosmic ray particles have been studied using plastic
detectors retrieved from SKYLAB III mission after a long exposure of 73
days. The abundance and the energy spectra of nuclei from carbon to
nickel have been obtained for the first time in near earth space. These
studies suggested the new properties of the enhanced abundances of
nitrogen, oxygen,, neon and calcium nuclei in low energy cosmic rays.
Solar comic ray particles have been studied using plastic detectors in two
NASA rocket flights in large solar events. Solar helium nuclei were measured
using improved method and the measurements of solar oxygen to silicon
nuclei showed enhanced abundances at low energies. The enhancement
of neon was much smaller than that of magnesium and silicon nuclei
indicating that solar particle acceleration process depends on the atomic
properties of these elements. In the first Indian satellite, ' Aryabhata ' an
experimental package to study the solar neutrons and gamma rays was
deployed. The available data are being analysed.
In the Infrared Astronomy, the information obtained from the first test
flight of 30 cm balloon-borne telescope in January 1975 was used to
effect instrumental modifications. The improved telescope will be flown for
observing the galactic H-ll region in the 40-300 micron regions.
Construction of a bigger telescope ( ~ 75 cm) has started.
The Extensive Air Shower experiment with the new array at Kolar Gold
Fields has started yielding data. The air shower array is now being operated
with 43 detectors, each of area 2 25m2 packed within a radius of 20 metres
on the surface and the crossed neon flash tube telescope of area 2 m2
located at appoint 305m. below ground. Analysis of the data is under way.
This experiment is expected to give information of the transverse momentum
distribution in ultra-high energy interactions. The additional outer 30
detectors are being commlsbinned to extend the range of energies over
which the above information can be obtained. At Ootacamund, cosmic ray
experiments to study possible production of long lived new massive particles
were continued with the large rrultiplate cloud chamber with a modified
experimental arrangement. Angular distribution of stopping muons at a
depth of 417 hectograms in Kolar Gold Fields was studied to see if there is
82

any unknown process of low energy muon production. It was found there
is none and the experiment was concluded.
The collaboration experiments between the groups of TIFR and Osaka City
University, Japan, in the Kolar Gold Mines have yielded new results on the
energy spectrum, angular distribution and charge ratio of cosmic ray
muons. An important result from the current and earlier experiments is that
there is a special class of events, with multiple tracks whose vertex is
situated in the air gap between the detector and rock. These events are
interpreted as decays of new, long lived ( t ^ 10"9 sec. ) and massive
O 2 GeV) particles produced in neutrino collisions or hitherto unknown
processes.
The Radio Astronomy group used the lunar occultations observed with the
Ooty radio telescope at 327 MHz, to study the brightness distribution over
several hundred extragalactic radio sources with high angular resolution. A
comparison of the angular sizes of the weak Ooty sources with the known
information for stronger sources has indicated, for the first time that a clear
correlation exists between angular sizes and flux densities in the sense that
the weaker sources have smaller sizes. These studies lead to conclusions
contrary to the predictions of steady state theory of cosmology.
An investigation of the interplanetary scintillation surveys of extragalactic
radio sources made at Ooty has revealed that, statistically, the scintillation
visibility of radio sources increases with decreasing flux density. The
correlation can be satisfactorily explained if most radio sources have
compact components at their leading edges and if the weaker sources are
located farther away. Interplanetary scintillation observations of many
moderately strong radio sources have been mads over a range of solar
elongations, thus enabling the two dimensional fine structure of the sources
to be determined with resolutions of a fraction of a second of arc.
With the Ooty radio telescope and a 3.5 km base-line interferometer
system equipped with two parabolic antennas of 13.5 m diameter each and
a 4 m dish, the radio emission from Jupiter has been found to arise from
two separate components associated with the dipole magnetic field of the
planet. The radio astronomy group has continued to provide its expertise
in the development of sophisticated microwave antennas and communication systems to various agencies in the country.
In Hydrology, the groundwater recharge studies in 17 districts of western
U.P. have been successfully completed. The studies suggest sizeable
potential for further exploitation. Radon method is employed for investigating characteristics of monsoon air mass.
In the area of Elementary Particle Physics, analysis of the bubble chamber
photographs was continued. Interesting results on the charge exchange
reaction of antiprotons of momentum 0.75 GeV/c striking protons and
leading to antineutrons and neutrons in the final state have been obtained.
Useful information on the annihilation of the antiprotons in the same
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pictures leading to pions and kaons and one or more neutial kaons in the
final state have also been obtained. Analysis of the annihilation reactions
of antiprotons at 2.0 GeV/c with emphasis on production of two or more
neutral pions associated with other particles is continuing.
A new proposal for study of hadron-nucleus collisions with various beams
at energies above 100 GeV in a Neon hydrogen bubble chamber has been
submitted to the Fermi National Accelerator Laboratory, U.S.A. and a
similar one is likely to be submitted to the Super Proton Synchrotron
machine to be commissioned at CERN, Geneva in 1976.
Developmental efforts are going on for introducing numerical control of
film transport and on-line computer control of the measuring machines.
The Rock Magnetism Group has investigated the magnetic granulometry
of basalt samples obtained from different parts of the world. The most
important result is that although titanium occurs in association with
magnetite in most of the samples, a solid-solution titanomagnetite mineral
seldom exists as inferred from magnetic studies.
The Solid State Electronics Group, continued its activity in advanced
research and development in the area of semiconductor materials and
devices. The group secured two contracts from Electronics Commission,
New Delhi for (1) development of Schottky barrier microwave mixer diodes
like 1N23E, F, etc. and the development of high power PIN diodes for
phase shifter applications in radar and (2) development of computer aided
design (CAD) facilities for realising large scale integrated circuits and
photoemulsion masks. These projects are nearing completion. Schottky
barrier diodes of the types 1N23E and 1N23F are undergoing extensive
user trials. PIN diodes are being tested at high power and a large number
of such diodes are under evaluation. The physics and technology of these
diodes were studied extensively under different metal systems and process
conditions. As a preliminary exercise to CAD implementation, a mask for
'P' channel MOS LSI technology was designed with the help of CDC-3600
computer and is being tested. This test structure will lead to development
of better circuits. Another integrated circuit, a television output amplifier,
was designed and is under process. This circuit will be finally produced by
ECIL, Hyderabad. An ion implantation machine of about 100 Kev is being
designed with the help of BARC and will be operaitional by the beginning
of 1976.
Fundamental studies regarding the existence of localised states in amorphous films like indium antimonide are being carried out. Novel methods of
crystal growth like ribbon growth of single crystal are being tried. The
work on liquid phase epitaxy of gallium arsenide films is being pursued.
Advanced development of some of the newer technologies like integrated
injection logic are being attempted.
In Computer Research and Development, Speech and Language behaviour
studies are being continued. In Speech, a consolidated hardware and
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software speech communication system has been visualised and is being
implemented. This, when ready, would facilitate research work in Speech
Synthesis, Recognition and Perception. A model of language behaviour
under development is being used to investigate issues in language learning.
The central notion in this work is that language behaviour is paradigmatic.
Computationally well defined notions of analogy and analogising are being
refined for use in the explication of language behaviour. Basic software
developed for the TDC-316 computer has been completed and details and
documentation have been handed over to ECIL. Software developed include
the assembler, BRASS, a Fortran Compiler and an operating system.
National Centrei for Software Development and Computing Techniques
{NCSDCT), has been set up jointly by the Government of India and United
Nations Development Programme (UNDP) to serve as the focal point for
R & D in the design of major systems and application software. A large
DEC System 1077 was acquired and commissioned in the first half of the
year. The main areas of activity at the NCSDCT have been : (i) Computer
Centre: The DEC System 1077 has been made available to staff of the
NCSDCT and external users : the system is operational for 24 hours, with
operator coverage being provided for one shift. A number of utilities and
packages have been integrated, including compilers for languages such as
BCPL, LISP, SNOBOL, PASCAL, etc. Short training courses were conducted
for NCSDCT staff and other users, (ii) Publications : The first of a series of
monographs was made available in printed form. In addition, manuals have
been prepared on the DEC System 1077 and General Purpose Graphics
Software, (iii) Advanced Course : The second advanced course on
Graphics and Computer-Aided Design was held in February, 1976.
(iv) Technology Development : Work is under way on the development of
special packages and programming systems for integer linear programming,
POP-2 compiler, translator generation, and general purpose graphics software, (v) Projects: Under the NCSDCT, projects are in progress on the
development of a Close-Coupled Computer Network and Remote Computing Stations.
In the Molecular Biology Group, a new programme of research on genetic
analysis of nervous system and behaviour has been initiated. The aim of
this research is to examine the mechanisms of brain function in organisms
that exhibit abnormal behaviour as a result of genetic mutations. A number
of temperature sensitive mutants of the fruit fly Drosophila mefanogaster
have been obtained which become paralysed at slightly elevated temperatures. These mutations affect one of four different genes on the sex chromosome of the fly. In some of the mutants conduction of nerve impulses is
impaired at increased temperatures; in others the transmission of nerve
signals across synaposes is blocked. A study of electro-physiological,
biochemical and anatomical changes in these mutants is likely to throw
light on the physiological mechanisms of behaviour as well as the manner
in which genes control the development of the nervous system.
In the area of Dental Research, a large scale epidemiological study of
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oral cancer and oral precancerous lesions is under way since 1966. In the
current year the sixth follow-up of 10,000 individuals in the Emakulam
district of Kerala state and Srikakulam district of Andhra Pradesh was
completed. In the Bhavnagar district of Gujarat State the lesion cases were
followed-up along with the matched controls. In the Ambagaon and Khed
talukas of the Poona district, where 100,000 individuals were examined, a
follow-up of lesion cases and matched controls was completed. A randomly
selected sample of 5,000 individuals was studied in Goa. A tobacco
smoking habit called ' Dhumti', specific to this region was discovered and
studied in relation to oral cancer and precancerous lesions for the first
time. A monthly follow-up of selected lesion cases was initiated in the
Srikakulam district of Andhra Pradesh to elucidate further the natural
history of palatal lesions associated with reverse chutta (cigar) smoking.
A re-examination of 3,720 policemen of Bombay is under progress. The
research is geared towards determining : (1 ) the extent of the oral cancer
problem in India, and (2) ways of containing it.
The Horn/' Bhabha Centre for Science Education was established in July
1974 under grants received from the Sir Dorabji Tata Trust. The Centre is
engaged in curriculum development, preparation of teaching material,
teacher's guides, teacher training programmes etc. During the year the
Centre has produced two teachers' guides, has participated in several
teacher training and curriculum planning activities at the state level, in
addition to a major curriculum development and teacher training programme in the Jalgaon District. The Centre runs a feature in a state magazine
for answering queries from children. The Centre has produced, in collaboration with the Space Applications Centre, forty television programmes for
SITE.

RESEARCH FACILITIES
The new operating system, Disc Scope, is now being used for job processing.
Memory of 52K words is available to users. The turnaround time for jobs
needing less than 3 minutes of execution time has been reduced to 2 to 3
hours.
At the Balloon Facility, Hyderabad, six large polyethylene balloons with
volume upto 90,000 eu. m were successfully launched carrying payloads
weighing upto 600 kg. to altitudes upto 36 km. for experiments in X-ray
and I.R. Astronomy, Remote Sensing, and Meteorology for research groups
from the Institute, Physical Research Laboratory and Space Research
Centre, Ahmedabad, Universities of Nagoya and Tokyo, Japan. For the
first time two large balloons were launched in quick succession with an
interval of 10 minutes for the study of X-ray emission from the crab nebula
during its lunar occultation on 24th January, 1975.
The design and fabrication of a Kytoon capable of carrying a payioad of
50 kg. to an altitude of 1.5 km. is in progress in collaboration with the
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Space Applications Centre, Ahmedabad. The first hoisting of this Kytoon is
expected in the near future. A longer work table has been assembled on
which balloons upto 225,000 eu. m. volume can be fabricated.
The Low Temperature Facility, successfully continues to produce 1,600
liquid litres of nitrogen and 35 liquid litres of 4He every week with up-times
in excess of 50%. Interdepartmentally the Facility is continuing construction
on a prototype 3 He/ 4 He dilution refrigerator (to be commissioned in
December 1976) for temperatures in the tens of mK region. A noteworthy
addition to the Facility is a second PLN 430 liquid nitrogen machine which
together with a 40 TR water chilling plant will be housed in a new extension
of the present outhouse. With this expansion, scheduled for the third quarter
of 1976, liquid nitrogen production is expected to become more than
twice and will increase very significantly the helium liquefaction up-time.
In the Hot Laboratory, several radionuclides were processed and purified
for the nuclear spectroscopie studies. Some of them were l3î Ba, " s Cd,
22
Na and I87W. Assistance was given to Government Dental College,
Bombay for their research in the study of the labelling of extracted teeth
with 35S, 5BCo and I 3 I I . Steady-state radiolysis of phen and its complexes
with iron was undertaken and the effect of various parameters such as time,
pH, concentration and oxygen on the rate constants of phen with hydroxyl
radical under different conditions was studied. This will be extended to Pulse
Radiolysis of these compounds. Solvent extraction study of nickel-65 using
oxine and its analogs in search of a penta-co-Ordinate complex was
completed. The study was further extended, employing in addition, some
heterocyclic bases. In order to correlate the radiation-induced changes in
molecular substances with the radicals formed during irradiation, the study
of ESR spectra of these radicals was undertaken and is in progress. This
will confirm the findings obtained from positron annihilation data. Thin
film detectors were made in the laboratory for detecting the fission fragments from californium-252. Employing electrolysis, various thin targets
were prepared on copper-foils for X-ray emission studies. Some of the prepared targets are : Ag, Bi, Cr, Hg, Ir, Mn, Ni, Pb, Sn, TI and Zn etc.

UNIVERSITY TEACHING PROGRAMME
In the field of University Teaching, the School of Mathematics has been
actively collaborating with the University of Bombay in the latter's Centre
for Advanced Training and Research in Mathematics. The Institute is a
recognized Centre of the University of Bombay,.where students work for
the M.Sc. and Ph.D. degree in Mathematics, 'Physics (Theoretical and
Experimental), Molecular Biology, Physical Chemistry and Computer
Science. The 57 scientists of the Institute are recognised teachers of the
Bombay University for the Ph.D. degree and 4 for the M.Sc. degree. During
this year fifteen members obtained their Ph.D. while two obtained M.Sc.
degrees on the basis of research carried out at the Institute. So far, 143
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scientists have obtained their Ph.D. and 40 scientists their M.Sc. degree
by research carried out at the Institute.
A Summer School in Theoretical High Energy Physics was held at Y.W.C.A.
Anandagiri, Ootacamund (Tamil Nadu) from June 9 to June 28, 1975.
The UGC gave financial assistance to some participants from Universities
and research institutes. As in earlier years, six teachers were recruited for
one year sabbatical programme in Physics, one of them being given an
extension for one more year to complete the thesis work. Two teachers
take training at the Bombay University while the others have been attached
to various groups in the Institute. It is proposed to introduce a scheme
from next year to attract teachers on an all-India basis.
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Saha Institute of Nuclear Physics
In the Cyclic Accelerator Division, (p, nr) reactions have been studied with
target nuclei 85Sr, 87Sr and 98Tc. Gamma spectra obtained for l2l Sb and
l23
Sb by proton and alpha beams have been analysed. Häuser-Feshback
calculations have been completed for (p, n) reactions with natural silver.
Sputtering and electron bombardment techniques are being developed
for target preparation. Gamma ray energies in l77mLu have been determined and efficiency of pitch blend as a secondary standard for gamma
ray energy has been investigated.
In the Electrostatic Accelerator Division, decay schemes have been studied
in isomeric nulcei such as 75Ge, "Co, 97Zr and 97Nb. Trace elements in
steel and pig iron samples have been detected using fast neutron activation
techniques. Improvements have been effected in the time-of-flight spectrometer and the beam pulsing system of the C.W. generator. Development
work on AE-counters and the I.C. voltage regulator is being continued. A
simple FET input, high stability, low drift, transistorised millivoltmeter has
also been developed for measuring potential across thermocouple vacuum
gauges.
In the Nuclear Physics Division, the magnetic moment of the 91 KeV
level of H7Pm has been measured by integral and differential PAC. A set
up for sub-nanosecond life-time measurement has been tested. Fabrication
of a large electromagnet for PAC studies is in progress.
In Solid State Physics, the critical flux density gradient for niobium (superconductor), the effect of anisotropy of Fermi surface and the energy gap
on the critical value of Ginzburg-Landau parameter were calculated.
Calculations have also been performed on anharmonic lattices using a
two-body force model and on the magnetization in transition metal compounds using a molecular field model. Hartree-Fock calculations have
been done for open shell 3p configurations and for the helium atom. The
optical spectra of MnSiF 6 . 6H2O, and NMR spectra in Co and Mn fluosilicates, rare earth vanadates and phosphates have been studied. Improvements have been effected in the construction of the ultrasonic spectrometer,
Mòssbauer spectrometer and the microwave spectrometer.
In the Nuclear Chemistry Division, parent-daughter pairs of M0Ba-l40La
and l+1Ce-H4Pr were separated by inorganic ion exchanges and the
activities of the daughter products counted. Tiace amounts of gold, La, Ce,
Sm, Lu, Zr, Hf, Se, W, As and Sb were identified in quartz veins and plant
specimens collected in Singhbum area in Bihar, by neutron activation
analysis. The mechanism of radiolysis in cobalt complex of nitrilotriacetic
acid has been studied.
In the Molecular Biology and Crystallography Division, structure of many
organic compounds have been determined. A computer programme has
been developed and tested for the efficient use of tangent formula in protein
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crystallography. Preliminary work on the conformation of catechol molecule
has been made using CNDO/2 programme and PCILO method. In studies
on proteins, problems of non-peptidic bonds, correlation of the segment
long spacing bands, and the amino acid chain sequence have been investigated in collagen. Work is being continued on the isolation and purification
of important globular protein crystallines and the enzymes, like << -amylase.
Electron microscopic studies have been made on the size distribution
of molecular contour lengths of mitochondrial DNA from new-born rat
brain and the sweet gourd mosaic virus. The effect of radiation on the
ageing processes in the young and old rats and plants have been examined
on DNA of normal and irradiated specimens.
In Radiation Biology, the existence of a new repair phenomenon for
damages induced by thymine starvation has been confirmed for filament
forming bacteria. Prior thymine starvation has been found to increase the
radiation (both X-ray as well as U.V.) resistance in f i l + bacteria. Study on the
mutagenesis in E coli B/r induced by U.V. light for reversions to prototrophy (his~to his1") indicates that the nature of the induced mutants
in the logarithemically growing cells is different from those obtained in the
stationery cells.
In Molecular Genetics, studies on the molecular mechanism of photodynamic inactivation and intracellular growth of 10 X —174 in thyminestarved bacteria have shown that (a) isolated ribosomes show less active
forms and (b) there is a small transfer of genetic material from bacterial
DNA to progeny phage DNA.
Studies on amphibian spermatogenesis after whole body irradiation show
that the general pattern of the radiation sensitivity is qualitatively similar to
that of mammalian cell types. Biophysical studies on irradiated mammalian
and amphibian blood show alteration in surface structure and aggregation,
unfolding and oxidation to haemoglobin molecules.
In a study of epidemics it has been demonstrated that a simple deterministic
model may reproduce the recurrent behaviour of epidemics and give some
information regarding their control.
In the Theoretical Nuclear Physics Division, calculations have been performed on the following: (i) High-spin states in nuclei, (ii) Collective
Hamiltonian as applied to O18, (iii) Stripping theory as applied to the study
of (p, d) and (d, p) reactions in 208 Pb, 54Fe, 40Ca, (iv) Proton elastic
scattering from 12C at 1 GeV using Glauber's theory, (v) Analogue resonance in 51V (p, n)5lCr reaction, (vi) Total and differential, elastic and
inelastic cross sections for production processes based on the multipomero.n model, (vii) Amplitude for the elastic scattering of a high energy
spin-half projectih (e.g., proton) from a spin-one composite target (e.g'.,
deuteron) in the eikonal approximation.
The singularities arising from the contributions of generalized ladder graphs
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to elastic scattering in relativistic field theories as the mass of the exchanged
mesons (vecior or meson) vanishes, have been identified and shown
to be reproduced correctly in the eikonal approximation. Nuclear viscosity,
and nuclear isobar admixtures have been investigated. Admixtures of radial
excitations in the ground state wavefunction of the He * nucleus has been
formulated in terms of the coherent state and the charge from factor reproduced.
The phenomenon of Bose-Einstein condensation of phonons in biological
structure has been approached from a microscopic point of view.
Rough estimates have been compared with the recent experimental evidence
of the action of coherent millimeter electromagnetic radiation on biological
systems.
The pion-nucleus elastic scattering data have been analysed for Ca"10
and 016 using Kisslinger's and Laplacian optical potentials for the pion and
the modified Gaussian and Saxon-Woods density distributions for the nuclei.
Non-linear wave-wave interaction among two electron-cyclotron waves
and one electron plasma wave have been studied through a Lagrangian
formation using Whitham's method. The coupled mode equations have been
deduced.
The effect of anisotropic pressure on the non-linear interaction between
two Alfven waves and a sound wave has been calculated using the normal
mode approach.
The effect of periodic forcing terms on a non-linear oscillator has been
studied using a variational method and combination of sub-harmonics
is demonstrated. The forced non-linear oscillator has also been solved,
using coherent states.
In Plasma Physics, the effect of non-linearity on the transport coefficient
in a magnetised plasma has been investigated. The results show that the
thermal conductivity does not change much, but the diffusion coefficient
is markedly increased by as much as 30 per cent. This result has important
bearing on the confinement of a thermonuclear plasma.
The interaction of high current beam of charged particles within a plasma
has been investigated by using the method of wave-energy surface previously developed. The conditions under which this wave energy can
be transformed into the thermal energy of the plasma particles is under
investigation.
The PIG discharge system previously constructed and used in plasma
studies was modified. The method of determination of energy distribution
of plasma electrons with the help of a Langmuir probe connected to an
analogue computer was improved by the inclusion of a circuit determining
the instantaneous value of the plasma potential. It has thus been possible
to simulate the plasma potential with the hnlp of an operational amplifier
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and a phase comparator and determine the energy distribution function
more accurately.
In plasma Diagnostics, an emissive probe was constructed and used te
investigate plasma parameters in a hot cathode glow discharge. The probo
is of particular advantage for use in a magnetoplasma.
The effect of transverse magnetic field on the sparking characteristics of the
gasses H2, Ar and Air has been investigated at low pressure. A simple
analog correlator using simulation technique for plasma studies has been
constructed with a circuit which simulates the relevant transfer function,
and also circuits for multiplication and integration as required.
Magnetized plasma columns in an anisotropic plasma and rf impedance
in a non-uniform plasma have been studied using RF coil probes. The work
on wave propagation along a dielectric rod waveguide immersed in a
magnetoplasma has been extended to the case of a number of wave
guides in magnetoplasmas. The construction of a duoplasmatron ion
source with its different accessories, is in progress.
A theoretical study on the correlation between the operating gas temperature and the electron temperature in a plasma medium has been continued
and a relation has been obtained on the basis of Saha formula. Further
work on the energy partition between the two channels is under way.
A quantitative description of the ion beam formation inside the ion source
and across the extraction sheath has been completed. The growth of
ion beam emittance inside the source across the extraction sheath is being
theoretically investigated.
A new method has been developed and applied with great advantage
to the calculation of Debye temperature in alkali halides and hexagonal
crystals. Studies on non-cubic crystals are in progress.
In the Mass spectroscopy and Isotope Separator Laboratory, a two directional focussing electromagnetic separator has been developed for separating and performing nuclear spectroscopy of radioactive isotopes. Preliminary
measurements on the operational efficiency of the instrument indicate that
the instrument will be of use for off-line separation of the required radioactive isotopes.
Deposits of thin films of silver single crystals, sputtered by fast ions from the
separator were examined with an electron microscope to determine the
sputtering mechanism as compared to the deposition by evaporation.
Also, the isotope separator was used as a source of low energy ion beam
for measuring the cross sections of charge transfer between ions and atoms
of argon as a function of ion velocity. Theoretical analysis of the Kr+—Kr
charge transfer is in progress.
In continuation of the previous work, argon ions were extracted from a mag92

netic oscillation type ion source to bombard metal polycrystals of copper
and aluminium. Secondary ions produced under ion bombardment are being
analysed by the quadrupole mass spectrometer to look for molecular
cluster ions.
In the Instrumentation Division, two developmental projects, undertaken
in 1973, have been successfully completed. The first is a frequency synthesizer of the direct type, made entirely of indigenous components,
which produces 10,000 frequencies, selectable by four decade dials, in
steps of 50 Hz, in the range of 5.0 to 5.5MHz. The second is a microwave
power source using only solid state devices of very stable but precisely
adjustable frequency, that produces an output of one watt in the band
of 4.32 GHz. These would be used for relaxation measurements in EPR.
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Tata Memorial Centre
Tata Memorial Hospital
During the year, 15,145 new patients were examined of Whom approx.
50 per cent were confirmed to have cancer. The in-patient admissions
totalled 5,030, and 8,342 surgical operations were carried out.
In the Radiotherapy Department, on an average, 480 patients receive
treatment daily with the maximum load going to 520 at times. Approx.
3500 diagnostic investigations were undertaken every month during the
year. To improve the salvage rate, hewer techniques are being tried
out and such efforts seem to lead to significant results, particularly in
cancers of the bucca! mucosa and cervix, two of the most frequent cancers seen at this hospital.
Besides continuing surveillance of all radiation emitting apparatus and
supplying a variety of radioactive applicators for intracavitory use, the
Physics Department of TMH also undertook training of students in Hospital Physics in collaboration with the Radiation Protection Division of
the BARC. In order to minimise post-operative morbidity and mortality,
preoperative assessment and immediate post-operative care of patients
were intensified by introducing tests for pulmonary function etc. The
post-operative intensive-care ward is being equipped and will be functioning soon. Histological specimens were reviewed in the light of recent
classifications and special studies to investigate the tumour patterns in
the population were initiated. Primary liver cancers (Heptitomas) were
investigated to study the role of Oncofetal Antigens. In this study, the
association of an anomalous L D H band with Hepatitis B antigen was
noted. This new observation should help significantly in our understanding
of the etiology of the disease.
J: ;.,.
Several end-result studies were undertaken to evaluate the survival patterns resulting from different modalities of treatment, and to identify
various factors influencing ultimate control of the disease. Under the,
aegis of the World Health Organisation and a number of International
Cancer Centres, a project to standardise end-results reporting in breast •,
cancer and malignant lymphoma were initiated. The programme to utilise
the computer at the TIFR for analysing Hospital Medical'Records was
continued. Systematic publication óf Hospital-based data on cancer
throughout the country was continued. During the year, 14 more hospitals contributed such information which was published in the Indian
Journal of Cancer.
'•;•-"-•
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The Department of Surgery conducted two professional educational
courses during the year; one in collaboration with the Indian Cancer
Society and the other under the auspicious of the Association of Surgeons
of India. Important controlled clinical trials were initiated as a combined
.
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departmental effort to establish the value of adding multi-drug chemotherapy to the standard treatment schedule, utilising radiotherapy and/or
surgery for cancers in the head and neck region. This new development
was attempted to establish the value of total departmental investigational
efforts instead of unit-wise therapy normally undertaken at individual
speciality levels. An interdisciplinary effort was also made to establish
such investigatory protocols involving the Tata Memorial Hospital and
the Cancer Research Institute staff members, under the direct charge
and guidance of the Director of the Tata Memorial Centre. In the chemotherapy unit, controlled trials were undertaken to establish the value
of Immunotherapy based on injecting lacocytes sensitised to human
leukaemia cells.

Cancer Research Institute
Analysis of the epidemiologie characteristics of Nasopharyngeal Cancer
indicated that the previously observed younger age peak was only confined to the poorly differentiated carcinomas and well differentiated carcinoma found in the older age groups were found to be mainly with those
with smoking habit. 7,000 white collar and 3,500 blue collar workers
whose smoking and pan chewing history was elicited in advance, were
checked to identify the onset of cancer. This pilot study carried out in
the Alibag Taluka near Bombay established the feasibility of setting up
such a survey with the help of para-medical personnel. A special genetic
study to investigate the role of endogamy, consanguinity, a history of
twinning and family history of cancer was initiated.
A multi-disciplinary study on the host-environment interaction in the
etiology of oral cancer, was undertaken. In this programme, genetic
data are being collected on several systems, e.g. blood groups, haemoglobin variants, serum proteins, red cell enzymes and blood catalasfi,
along with a history of smoking and chewing. In viyo and in vitro studies
on extracts of betel nut, betel ieaf and tobacco in different combinations
yielded significant data, suggestive of the carcinogenic activity of the
pan quid. For the first time organotypic cultures of human and rat oral
mucosa were successfully used for screening carcinogenecity of the
ingredients of the betel quid. Ultrastructure studies conducted in animals
indicated that lime and tobacco have the potential to give rise to cancer.
Immunological studies on oral cancer included immunological boosting
in patients with (/) Small amounts of tumour antigens (//') Antigen B
C G uptake of 125 I labelled antigen, by lymphocytes.
, :
Viral aspects of breast cancer, especially MTV— MuLV viral inter-relation ship on A, B and C particles from experimental mammary tumour are
being investigated. Hormonal studies of urinary excretory levels of prolactin,
characterisation of prolactin receptors and ectopic production of HPL
and SCG in human breast cancer patients, were continued. Further evidence has been obtained about the association of sex chromatin frequency
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with a disease-free interval, before distant metastasis occur in breast
cancer.
For the first time, significant amounts of specific Oestradiol binding proteins, in the non-neoplast c breast tissues of idopathic gynaecomastia
and Klinefelters Syndrome was noted. Suitable animal experiments have
been initiated to study oestradiol receptors and their role in cancerogenesis.
In studies on virus particles in human milk, the interpretation of results
caused difficulties because of the presence of inhibitors in the miik, which
makes the detection of virus particles in human milk very unreliable.
Investigations are underway to study the nature and extent of these
inhibitors and the ways to circumvent the problem.
Studies on human breast tissues have been carried out to evaluate ultrastructural features characteristic of hormone stimulated tumours and
indicative of a pre-invasive phase of the disease.
Several immunological studies on breast cancer were begun to assess
the immunological relationships between human milk particles (Hú P)
and murine mammary tumour virus (M T V) and also to estimate the
cellular immune response of normal women and women with breast
cancers.
Purification and physio-chemical characterisation of Gonadotropin inhibitory material from human urine was undertaken.
With the help of the TMH surgical staff, patients with leukaemia and
lymphoma were screened for chromosomal aberrations and for the presence of abnormal haemoglobins. Leukaemia patients were also screened
for the presence of serum haptoglobins.. Controlled clinical trials to
evaluate long term benefits obtained by the use of a leucocyte antigen
were begun in collaboration with the chemotherapy department at TMH.
Active immunisation possibilities in patients with acute leukaemia is
being investigated.
Changes in the cell surface of normal and leukemie cells were studied
using cell electrophoresis-mobility pattern and special electron histochemical stains.
.
A system selectively to inhibit the migration of leukemie cells based on
leukocyte migration studies is being evolved.
Viral studies of leukemie lesions in I C R C mouse was begun.
Investigations were initiated on human leukaemias, including studies on
their cell kinetics and cytogenetic characteristics.
In order to study the biochemical changes occuring in human tumours,
evaluation of plasma L D H isozyme in cancer was undertaken. A study

;

was initiated to develop a microassay for polyamines, using specific
enzymes, purified from cobra-venom. Pulsed nuclear magnetic resonance
(NMR) studies, on human malignant tissues and cells in vitro were
undertaken. An effective affinity chromotography method is being developed to isolate anticancer principles from the Vinca rosea plant. The
possible role of immuno-suppression in carcinogenesis is under examination. So far five commonly used drugs have been found to cause immünosuppression in vitro.
Inter-disciplinary efforts were initiated within the CRI and between the
CRI Divisions and TMH staff members to achieve the best possible coordination in order to direct greater attention to and interest in applied
research in human cancers employing tissue and organ culture techniques,
and by utilising blood and tumour tissues directly from cancer patients
with the active collaboration of the clinicians.
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NUCLEAR POWER
Atomic Minerals Division
Uranium Investigations
Exploratory Mine Development: Underground development work, bath at
Narwapahar and Bhatin minjng prospects in Singhbhum district, Bihar
continued. A progress of 1,725 m (1,257 m at Narwapahar and 468 m at
Bhatin) was achieved, Incidental to development work, 4,583 tonnes of
ore of 0.047 per cent eU30e grade at Narwapahar, and 1,931 tonnes of ore
of 0.05 per cent eU3O8 grade at Bhatin were produced.
Survey and Exploration: Extensive and comprehensive surveys were carried
out in Himachal Pradesh (Hamirpur District]!, Rajasthan (Sikar, Udaipur,
Jaisalmer Districts), Meghalaya (Jaintia and Khasi Hills Districts), West
Bengal (Darjeeling District) and Madhya Pradesh (Rajnandgaon and
Sarguja Districts) for uranium and thorium indications.
To cover the extensive terrain for identifying target areas, airborna gammaray spectrometer surveys were taken up last year over Sarguja district
where uranium occurrence at Dhabi was known. This revealed presence of
more uranium anomalies and led to the discovery of Dumhat occurrence.
Systematic trenching was carried out and 43 trenches were put in as a
result of which 400 m. continuous radioactive zone was delineated with a
maximum width of 13 m. Drilling could not be taken up immediately due to
the inaccessibility of the area during the monsoons. Drilling has since;
commenced and the first three holes completed have given encouraging
results. Simultaneously, extensive surveys were carried out and photogeological maps prepared indicated presence of a number of shear zones
towards west of Dumhat. One of the zones near Jajawal-Anjani has so far
been found to be mineralised over 1.5 km of strike length.
Exploratory Drilling: A total of 12,570 running metres was drilled during the
year in the Singhbhum District of Bihar (Bagjata-Gohala, Bhatin ftTurarrdih)
and in the Rajnandgaon (Bodal) and Sargijja (Dhabi & Dumhat) districts
of Madhya Pradesh.

Niobium-Tantalum, Beryllium and Rare Earth Minerals Investigations
Intensive investigations for location of new sources of niobium-tantalum, and
recovery operations for columbite-tantalite mineral atthe known deposist were
continued in Bihar, Rajasthan and Karnataka, as a result of which 10.579
tonnes of the mineral was produced, the bulk of which is tantalite ore.
Investigations for columbium-tantalum metals in favourable host rocks
viz. carbonatites, apogranites, syenites etc. were continued ín different
parts of the country.
1
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Thorium Investigations
Detailed investigations in the field and in the laboratories were carried
out for estimation of reserves of ilmenite, monazite and other heavy minerals
contained in the beach and dune sands in Tamil Nadu (Kanyakumari
District), Kerala (Quilon District), Orissa (Ganjam District) and Andhra
Pradesh (East Godavari, Krishna & Guntur Districts). A total coastal length
of 67.3 kms covering an area of approx. 3,709 hectares were investigated.
Research investigations directed towards beach profile studies along the
coast to determine the erosion/accretion rates, study of hind-cast data
for working out wind velocity vectors for the study of wave action, direction
of waves and their effect on the movement of sand and particle size studies
for understanding the variation in size along and across the deposit and its
effect on heavy mineral content were carried out.
Special Assignments
Investigations for estimation and possible recovery of helium were carried
out in Jammu & Kashmir (Puga Valley), West Bengal (Bakreshwar),
Bihar (Dalldali, Kundghat, Surajkund, Phusri-Gandowana, Kanki-Gandowana, Charak, Jarom, Tattapani and Rishikund) and Assam (Garampani in
the Cachar Hills district as also Garampani in the Sibsagar district).
Investigations for uranium and other atomic minerals in Andaman and
Nicobar group of islands are currently in progress.

Collaboration with other organisations
The Division continued to collaborate in scientific investigations with other
sister organisations. Government Departments, Public Sector Undertakings,
Universities etc. Under this programme, bore holes drilled by the Geological
Survey of India, Geological Departments of various State Governments,
Hindustan Copper, Indian Copper Complex, Hindustan Zinc, Mineral
Exploration Corporation etc. in different parts of the country were tested
for radioactivity by gamma-ray logging. Gamma-ray and neutron logs of
some wells sunk by the Oil and Natural Gas Commission in Assam were
examined and core from wells drilled by them in Himachal Pradesh, Uttar
Pradesh etc. were scanned.
Collaboration with the Geological Survey of India in the multipurpose,
multi-disciplinary project in the Puga Valley in Northern Himalayas for
utilizing the thermal springs at Puga as a source of geothermal power
continued. Gamma-ray logging of bore holes, assay of soil samples by
delayed fission neutron method (2,695 samples) and follow-up work on
surface including radon emanometry at Sonrai, Lalitpur district, Uttar
Pradesh were carried out. The Division provided assistance to the Geological Survey of India in temperature logging of bore holes drilled by them
in different parts of the country.
.
,
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Atomic Power Authority
Tarapur Atomic Power Station
During the year, the Station generated a total of 1971.044 million units
(upto March 15, 1976); the year's output is expected to be the second
highest since the Station's commissioning. (The highest was in 1970-71
when 2417.39 million units were generated and when there were no
refuelling outages). Inspite of taking up refuelling on both the units during
this year, it registered a capacity factor of 55.89 per cent (till end January
1976) which compares favourable with 40 per cent for last year, and with
the average of about 50 per cent for thermal stations this year; there have
been only two reactor trips (scrams) this year compared to an average of
24 per year upto March 1975; and since April 1975, there have been only
three forced outages on both units, averaging 4 . 4 hours per outage compared to 19 per year earlier, averaging 46 hours.
Unit I which was on refuelling outage from 21.1.75 was put back on line
on May 2, 1975. This refuelling period of 101 days is the shortest so far
achieved for refuelling. During this outage, major works such as inspection
of the main generator rotor (first since commissioning) were completed.
Subsequent to May 1975, the Unit has performed very satisfactorily with
an on-line availability factor of 92.25 per cent.
Unit li operated at 135-185 M We till July 7, 1975 when it was shutdown
for refuelling for about 104 days, till October 19, 1075. Unit load had to
be restricted to 135-149 M We before refuelling oecause of some problems.
One of the most complicated problems involving a stuck control rod drive
of the reactor control system was successfully solved by the Station staff
during the refuelling outage. Since refuelling, the Unit is operating
steadily with a capacity factor of 83.5 per cent and availability factor of
99.47 per cent.
Tarapur is one of the earliest amongst Boiling Water Reactor stations.
As a consequence, it has been necessary to introduce design changes in
the light of experience gained. During the year the 200th design change
worked out by the Station personnel was completed.
The preconditioning of fuel, a procedure adopted last year for improving
fuel performance was continued. The results have been generally satisfactory.
The mangerial arrangements to get manpower'from external agencies were
extended by tapping all available sources. The sources from which external
manpower was drawn were enlarged thereby progressively creating a
reservoir of trained personnel in various organisations.
"'-;,
The issue of tariff for Tarapur power has not yet been satisfactorily resolved.
However, as a result of follow-up measures taken at various levels, the
outstandings from the Electricity Boards have been reduced. The formal
agreements for supply of power from Tarapur are likely to be concluded
this financial year.
,•" -~
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The revenue for the year is estimated around Rs. 19 crores. This will ensure
a satisfactory surplus after meeting all operating expenses, interest, depreciation and appropriations to statutory reserves.

Rajasthan Atomic Power Station
The operation of RAPS-1 continued to be with the Power Projects Engineering Division, with commercial aspects and system interconnection
being looked after by the APA. The RAPS tariff proposals have been
forwarded to the Central Electricity Authority for concurrence. The agreement for supply of energy has been virtually finalised and is expected to be
concluded as soon as areas of coordination with the Ministry of Energy
are settled.
,
The total power generation of about 500 million Kwh from RAPS-I was
low mainly on account of problems with the turbine blades.

Grid Operation
Western Region: The operational frequency of the grid system improved
considerably although it is still not satisfactory. Detailed information is
continually furnished to the Central Government and the State agencies
for further improvements in this regard.
Since the taking over of the management of the switchyard at Tarapur,
there has been no outage or significant disturbance to the Station's operation on that account. A comprehensive programme of maintenance and
overhaul of the switchyard equipment has been initiated. Cooperation
from both the State Electricity Boards, particularly the Maharashtra State
Electricity Board, helped in the improvement of switchyard performance.
The comprehensive study of the dynamic behaviour of the reactor system
vis-a-vis grid parameters, which was initiated last year in conjunction
with the BARC and I IT, Powai, has made good progress.
Northern Region: lhe parallel operations of the Chambal-Bhakra system,
of which RAPS is a part, were extended to include Western U.P. This has
resulted in improvement of system reliability although heavy voltage
fluctuations are still felt at RAPS. Measures to reduce such deficiencies
through the Central Electricity Authority, the Northern Regional Electricity
Board and the Chambal System Operations Committee are being pursued.
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Power Projects Engineering Division
Raiasthan Atomic Power Project—Unit I: The unit was recommissioned
on December 27, 1975 after a major shut down on July 22, 1975
because of the failure of some of the blades in stage III of the high pressure
rotor of the turbine. The shut down was utilised for carrying out major
works in other areas.
The Unit generated 471.36 million units (gross) during 1975-76 (upto
end March 1976).
Rajasthan Atomic Power Project—Unit II: The reactor building has been
successfully leak-tested and installation of all reactor vault equipment
and their associated piping have been completed. One fuelling machine
head is under installation and final testing at site, while another is being
tested at the Reactor Engineering Division of BARC prior to its despatch
to site.
The piping work on interconnecting services to the Heavy Water Project,
Kota from RAPP is in progress. Erection of the meteorological tower is
nearing completion. An additional purification plant, and downgraded
heavy water storage facility are being commissioned and work on the soiar
evaporation facility is in progress.
Madras Atomic Power Project—Unit I: All civil works have been completed
and end-shield rings, water cooled thermal shield plates, and vault liners
have been installed in the reactor building.
The super structure of the pump house and the 100 metre high stack are
under construction. Rolling of calandria tubes in the calandria has been
completed, and installation of primary heat transport pump bowls, and
other auxiliary system equipment and piping, suppression pool distribution
headers and shaft etc. is in progress.
Madras Atomic Power Project—Unit II: The perimeter wall and dome
of the reactor building as well as the calandria vault, have been completed.
The rubble masonry shielding wall is under construction. The civil works
on turbine building-2 are nearing completion. Installation of mild steel
liner in calandria vault is on.
Narora Atomic Power Project—Units!and'II: Land lying within a radius of half
a mile from the main plant building, and about 151 hectares of land for the
township have been acquired. Soil and sub-soil exploration work has been
completed and a detailed report is ready. The 66/11 KV sub-station is
expected to be energised shortly. The construction water supply and tube
wells at plant site have been completed and about 184 units of housing
are expected to be ready shortly. Work on the external water supply and
sewage lines is in the final stages. The work order for the construction of
the main plant buildings has been awarded. Detailed design of the contain102

ment and reactor building internals, and stress analysis of the calandria
shell and associated components, the primary heat transport system piping
etc. are in progress. The preliminary seismic analysis for the main plant
buildings has been completed by the School for Research and Training
in Earthquake Engineering, Roorkee.
M/s. Bharat Heavy Eiectricals Ltd. will be manufacturing the turbo-generator
and steam generators. Detailed designs of the major equipment like the
calandria, the end-shie!d and the coolant channel, and the primary heat
transport system, moderator system, fuel handling system, reactor auxiliary
systems and reactor control system are being prepared.
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Nuclear Fuel Complex, Hyderabad
The Nuclear Fuel Complex is an integrated fuel manufacturing facility
specifically planned to meet the requirements of nuclear fuel and zircaloy
components of our nuclear power stations.
The Complex has seven individual plants for sequential processing of
zircon sand, uranium ore concentrate and imported enriched uranium
hexafluoride into finished fuel assemblies and other zircaloy hardware items.
In addition, one of the plants at NFC is producing ultra high purity elements
and compounds to meet the requirements of electronic and defence industries. A pilot plant for the production of commercial grade titanium sponge
is also in operation.
An overall improvement in the production performance of various plants
has been achieved during the year. Upto March 31,1976 a total of 2,540 fuel
bundles were despatched to the Rajasthan Atomic Power Station.
333 calandria tubes in zircaloy-2 have been supplied to the Madras Atomic
Power Project for use in MAPP-I. The entire requirement of MAPP-I
with respect to this item will be met by NFC. Zircaloy-2 fuel tubing which
was generally imported, is now in regular production at the Zircaloy Fabrication Plant of the Complex. For increasing the fuel tube production
further, two cold reducing mills are being installed. (One of the Mills has
just been commissioned.)
At the Ceramic Fuel Fabrication Plant of the Complex, a new UO2 pellet
sintering furnace was designed, fabricated and commissioned for increasing
the sintering capacity. Hitherto such sophisticated furnaces have been
imported and this attempt at indigenous manufacture has resulted in a
foreign exchange saving of approx. Rs. 5 lakhs.
A new facility for production of mixed pellets of gadolinium oxide and
enriched uranium oxide commenced production in November 1975. A
facility for recovering uranium dioxide from mixed pellets of gadolinia
and UO2 is undergoing testing for various equipment, pumps etc. and
trial production will commence by end April 1976.
A facility for reprocessing off-grade zircaloy scrap back to reactor gradé
zirconium sponge, adopting a pyro-metallurgical route was successfully
commissioned during this year and nearly 18.379 tonnes of scrap have:
been reprocessed till March 31, 1976. It may be added that such a recycla
step is not being practiced by any of the known sponge producers abroad.
The value of production (both final and intermediate products) achieved
at the Nuclear Fuel Complex till end November 1975 works out to Rs.732.87
lakhs, anc* revenue on account of sale of products/by-products for the same
period amounts to Rs. 267.18 lakhs.
'•'
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Heavy Water Projects
Heavy Water Project (Kota)
Most of the civil works of this 100 tonnes/year plant have been completed. All the Exchange Unit Towers have been erected and erection
of associated structures has commenced. Installation of Sieve Trays (a
critical item of the plant) in the Exchange Unit Towers is in progress;
this work has already been completed in three towers.
The housing colony for the Project has been completed.

Heavy Water Project (Baroda)
The plant has been commissioned and is expected to go into production
shortly.
For full utilisation of the Heavy Water Production capacity, an 100
tonnes-per-day Ammonia Synthesis Gas Preparation Unit has been set up
at the Gujarat State Fertiliser Co. Ltd. Erection and testing of this plant
is in progress.
A plant for producing metallic potassium was commissioned at Baroda
in April 1975. This plant will supply the potassium requirements of the
Heavy Water Plants based on the Ammonia-Hydrogen exchange process.
The plant has a capacity of 30 tonnes per year.

Heavy Water Project (Tuticorin)
The civil and structural works are complete. The 110 KV switchyard and
3.3 KV sub-station have been commissioned. Installation of equipment
is in progress and will be completed by the first quarter of 1976-77. A
landmark in the year's progress was the erection of a 42m. long, 375
tonne isotopic exchange tower in June 1975. The plant is expected' to
be commissioned by the middle of 1977.

Heavy Water Project (Talcher)
Civil works on the plant are expected to be completed by April 1978.
Installation of, equipment has commenced and testing of the plant is
expected to be completed by July 1977. The plant is expected to be
commissioned in late 1977.
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Public Undertakings
Indian Rare Earths Ltd.
During 1975-76, the estimated turnover of the company would be
Rs. 876.1 lakhs and net profit Rs. 131 lakhs after taxes.
Work on an Industrial Complex near Chatrapur in Orissa based on beach
sand minerals has started. When completed, the project would put India
among the leading producers of beach sand minerals and synthetic rutile
in the world. The Mineral Sand Separation Plant at Chavara (Quilon
District) is being expanded to produce 2,00,000 tonnes of ilmenite per
annum. Simultaneously with the increase in ilmenite production, the
production of associated minerals like rutile, zircon, sillimanite and monazite would also be proportionately increased.
The Company earns substantial foreign exchange from exports. The
foreign exchange earned during the year 1974-75 was Rs. 436.5 lakhs.
The export turnover of the Company during 1975-76 is expected to
exceed Rs. 494 lakhs. In récognition of its export performance during
1 £73-74, the Company has been awarded a certificate of merit by the
Ministry of Commerce, Government of India. This is the fourth such award
won by the Company. ,

Electronics Corporation of India Ltd.
For the financial year 1975-76, the Corporation has set the following
targets :
Rupees in Lakhs
Actuals
Revised
Estimates
1974-75 1975-76
1.
2.

Production
Sales

2045
1902

2681
2653

The operating results of the Corporation for the year are expected to
yield a gross profit of Rs. 252 lakhs. After providing for depreciation of
Rs. 193 lakhs, interest of Rs. 240 lakhs on loans and borrowings, taxation
of Rs. 157 lakhs, the Corporation expects to retain net surplus of
Rs. 95 lakhs which will be transferred to General Reserve.
During 1974-75, the Corporation supplied equipment and instrumentation
worth approx. Rs. 274 lakhs to various projects/units of DAE.
ECIL made a major contribution to the Satellite Instructional Television
Project of ISRO by designing and fabricating special community satellite
TV sets with front-end converter and 10' chicken mesh antenna.
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Uraniun- Corporation of India Ltd.
Production during the year was affected due to shortage of working
faces in the mine and these constraints are likely to operate till the end
of 1976 when the shaft wtil be commissioned for production from deeper
levels.
Further progress has been made in deepening of the shaft ftom the existing
depth of 315 m to 640 m and the mining at deeper levels is expected
to commence in early 1977.
The By-product Recovery Plant constructed for the recovery of Copper
and Molybdenum concentrates as by-products from the uranium mined
at Jaduguda has been commissioned. This is the first time that Molybdenite concentrate is being produced in the country. The plant set up
for recovery of uranium from the tailings of ';he copper beneficiation
plant of Hindustan Copper Ltd. has also been commissioned.
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Other Activities
Directorate of Purchase & Stores
The volume and value of purchases handled by the Central Purchase Unit
and the Regional Purchase Units of this Directorate went up considerably
as shown below :

1974-75

1975-76
(estimated
figures)

1.

No. of indents received

39,847,

45,551

2.

No. of orders placed

41,394

45,264

3.

Value of purchases made

532.05 lakhs 552.50 lakhs

The DPS makes a recurring saving of around Rs. 5 lakhs per annum by
handling the transportation and clearance jobs per training to foreign consignments. During the year it also took up clearance of local consignments
departmentally. Hitherto this work was being handled by a clearing agent.
During the year, the Directorate handled the clearance and transportation
of the following major consignments in association with the project authorities concerned:
,,
Description

Weight

Transportation details

1. Cold columns—2 Nos.

218 tonnes
each

From Visakhàpatnam Port
to Heavy Water Project,
Talcher/

2. Cold Shipping column

224 tonnes

From Visakhàpatnam Port
to Heavy Water Project,
Talcher.

3. Calandria

65 tonnes

From Powai Works of
Larsen & Toubro to Bombay
Docks for onward transmission
to Madras Atomic Power Project, Kalpakkam.

Collection/receipt and distribution of argon and helium gas continued to
be handled centrally at Bombay. By importing a large number of cylinders,
the DPS saved a considerable amount on rentals paid to the Fertilizer
Corporation of India Ltd, at Trombay. During 1974, it had paid Rs. 1,84,508
to the FCI as rent for cylinders. This was brought down to Rs. 48,060
during 1975. The Directorate hopes to eliminate expenditure by way of
rentals with the import of more cylinders. The DPS is also planning to have
departmental cylinders for other items such as oxygen, acetylene etc.
adequate for use at the various centres.
10b

Stores
Computerisation of furniture and fixture items pertaining to BARC is
complete, and the work on capital equipment as weil as consumabl stores
has been taken up.
The Central Stores Unit has assumed responsibility for meeting the requirement of common stock items of stores in respect of Power Projects Engineering Division/Tarapur Atomic Power Station, PREFRE Project, Trombay
Township/Directorate of Estate Management, in addition to BARC. Indenting
of such items is done by the Central Stores Unit at Trcrnbay. With the
setting up of new projects, the storage facility is being augmented at the
Project Stores Unit at Trombay village. Further, cutting and other
facilities are also being established at the Project Stores Unit for handling
of free issue materials required for various fabricators of nucisar
components.
A Central Stores building has been constructed at the Reactor Research
Centre at Kalpakkam. An Inflammable Stores building for the Narora
Atomic Power Project is being planned. Plans for construction of Operation
& Maintenance warehouses for the Madras Station are being finalised
based on the experience gained at RAPS.
The Technical Liaison Mission at Paris is catering to all the projects/units
of the Department of Atomic Energy in matters connected with consultancy
agreements, quality surveillance etc.

Civil Engineering
During 1975-76, 296 flats and one hostel building with accommodation
for 260 persons were completed and handed over to the Directorate of
Estate Management. Another lot of 112 flats is under construction. Besides
these, a hospital building with provision for 170 beds, and low level counting
laboratories for the Health Physics Division of BARC were completed
and released for occupation. Work on an additional dispensary is in
progress.
Work on the new annexe to the Tata Memorial Centre at Bombay is expected
to be completed by late 1976. Modifications were carried out in the
TIFR building for housing a new computer.
Work on extending office space in the Power Projects Engineering
Division's offices at Bombay is expected to be completed by mid-1976.
Work on the Variable Energy Cyclotron building at Calcutta is in the final
stages. The pile foundation work on the laboratory building at the Saha
Institute of Nuclear Physics, Calcutta is nearing completion and work on thé
super structure is expected to commence shortly.
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Directorate of Estate Management
The Directorate of Estate Management is responsible for allotment and
maintenance of all DAE residential units in Bombay.
The Directorate has also been looking after the maintenance of other
buildings and installations such as the hostel and the Sector Market,
Community Centre, Primary & Secondary Schools, Test Laboratory, Administrative offices, Sewage Treatment Plant and Sewage Pumping house.
During the year the procedure for allotment of flats in Greater Bombay
was reviewed by a Committee sot up by the Secretary. Based on the recommendations of the Committee, 'Allotment Rules' have been finalised
and brought into force with effect from January 1, 1976.
Financial Assistance
On the advice of the Board of Research in Nuclear Seiendes and its Advisory
Committees, financial assistance was given during the year to various
universities and research institutions for work on 163 research projects
relating to nuclear science and allied disciplines. Fellowships were awarded
for research in nuclear physics, solid state physics, electronics, life sciences
and mathematics.
Financial assistance was also provided t o :
(i)

Indian Mathematical Society, Delhi

(ii)

Bombay Mathematical Colloquium, Bombay

(iii)

Calcutta Mathematical Society, Calcutta

(iv)

Mathematical Association. Jadavpur, Calcutta

(v)

Institute of Mathematical Sciences, Madras

(vi)

Mehta Research Institute of Mathematics and Mathematical Physics,
Allahabad

(vii)

Hyderabad Science Society, for running ah Isotope Training Course

(viii)

Andhra University, Waltair, for work in the field of nuclear spectroscopy

The Board of Research in Nuclear Sciences organised the following symposia:
(i) Nuclear Physics and Solid State Physics Symposium
J
(ii) Symposium on Phase Transformation and Phase Equilibria
(iii)
(iv)

Symposium on Mutagenicity, Carcinogenicity and Teratogenicity
of Chemicals
Symposium on the Use of Radiations and Radioisotopes in Studies
of Anima! Production.
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The Department also provided partial financial assistance for the undermentioned symposia:
(a) Second All India Congress on Cytology and Genetics held at the
University of Udaipur, Rajasthan, during October 20-24, 1975.
(b)

International Symposium on Reproductive Physiology of Invertebrates,
at Calicut University, in September 1975.

(c) Third National Héàt and Mass Transfer Conference at NT, Bombay
in Decembar 1975.
(d) All India Seminar on Distribution and Utilisation of Electrical Energy
organised by the Institution of Engineers (India), Bombay, in April
1975.
(e)

Seventh Annual Conference of the Society of Nuclear Medicine,
India, at Calcutta, in November 1975.

(f)

Third International Conference on Culture Collections and International
Training Course in Culture Collections held in Bombay in March 1975.

(g) The First All India Meeting of Women in Science held in Bombay
in December 1975.
Contributory Health Service Scheme
The Contributory Health Service Scheme (CHSS) at present covers some
45,000 beneficiaries from all DAE units in Bombay. Family planning continued to receive a high priority and after the liberalisation of abortion law,
some 150 medical termination of pregnancy cases were handled till the
end of October 1975. The annual birth rate has been brought down to
28 per 1000 from 30 per 1000.
:
The hospital at Anushaktinagar was completed and commissioned in
January 1976. It will soon have a maternity unit, an intensive care; unit,
an isolation ward, casualty unit and blood bank and transfusion service as
additionai facilities.
For the benefit of the employees and their families residing in the city;
area and the western suburbs, a Central Diagnostic Centre, with ar pathological laboratory, a dental unit and an X-ray unit as additional facilities,
has been set up at a central location in the city.
;

>, £

The Accident Prevention Programme was continued j n collaboration with
the Health Physics Division.
•••••:
i

Programme Analysis Group
Among the major assignments completed by the Programme Analysis
Group are: Pricing studies for nuclear power, fuel and heavy water; Manpower planning for the Nuclear Fuel Complex; Technology transfer studies
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for the Bhabha Atomic Research Centre; Feasibility studies for commercial
scale radioph (irnaceuticals and radioactive equipment and services facilities ;
Preliminary study of the feasibility of a potato irradiation facility in Orissa ;
Economic analysis of Tantalum Capacitor Project of ECIL; Evaluation of
price escalations in manufacturing contracts of Power Projects; Development of a Management Information System in the Department for Public
Sector enterprises; Development of an organisation structure for the
Orissa complex of the Indian Rare Earths Ltd. Besides these assignments,
the Group also prepared background poiicy papers for the Department.

Publicity
The Department projects its activities and achievements through film
shows, mobile exhibitions and publications. During the year, the Department
participated in the Indian Science and Technology Exhibition at Sophia
in Bulgaria, and held exhibitions at Calcutta, Kharagpur, Burdhwan,
Siliguri, Dhanbad, Varanasi, Sholapur, Sangli, Goa, New Delhi, Mysore and
Chandigarh besides participating in fifteen exhibitions in Bombay. A small
exhibition kit specially for use in schools has been prepared by the Department. During the year, there were 300 foreign delegates visiting the various
units of the Department who were looked after by the Publicity unit.
The Department's monthly English bulletin Nuclear India is the main
medium for disseminating information on developments in the Department's
various units. Ail news items on atomic energy in the Indian press mainly
flow from Nuclear India. The Department has also started a quarterly
Hindi bulletin called Parmaanu with the objectivé of disseminating news
on atomic energy to Hindi journalists, and universities and technical institutions in ths Hindi-speaking regions. The first issue of Parmaanu
published in December 1975 was well received.

Use of Hindi
During the year, 197 employees of the Department and its constituent
units were trained in Hindi under the Hindi Teaching Scheme of the
Ministry of Home Affairs. 463 employees are at present undergoing
training. 40 employees received training in Hindi Stenography/Hindi
Typewriting.
'

Atomic Energy Schools
The Atomic Energy Education Society, established in 1969, manages
schools at Trombay, Tarapur, Hyderabad and Jaduguda. These schools
are run on the pattern laid down for the Central Schools by the Ministry
of Education. Figures relating to the enrolment of pupils and strength of
teaching staff are given below:
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No. of Pupils
2,879
580

Trombay
Tarapur
Jaduguda
Hyderabad

1,270
1,165

Strength of
teaching staff
106
23
48
40

The Society has a Governing Council consisting of senior scientists and
administrators. Each school has a local advisory committee to advise the
head of the institution on academic matters.

International Relations
International Atomic Energy Agency: For the 19th year in succession since
the inception of the International Atomic Energy Agency, India was designated a member of its Board of Governors. This appointment is based on
India's position as one of the nine most advanced member-countries in the
technology of atomic energy.
An Indian delegation led by Dr. H. N. Sethna, Chairman, Atomic Energy
Commission and Secretary, Department of Atomic Energy participated in
the 19th regular session of the IAEA General Conference held in Vienna
from September 22 to 26, 1975.
!
A Meeting of sn Advisory Group of IAEA convened to prepare a Manual of
Guidance on the Radiological Safety requirements for Fuel Fabrication
Plants was held at BARC, Trombay in December 1975. ,Eight scientists
from abroad participated in the meeting.
Bilateral Collaboration: The agreement with Egypt for the development
of atomic energy for peaceful purposes was renewed for a further period
of five years.

I
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Glossary of Nuclear Terms
process by which this occurs is known
as breeding.
*
BURN-UP : The fraction or percentage
of atoms in a reactor fuel which has
undergone fission. Also, the total amount
of heat released per unit mass of fuel;
usually expressed in megawatt days per
tonne (MWD).

ACTIVATION : The process of making
a material radioactive by bombardment
with neutrons, protons or other nuclear
particles.
AGRO-INDUSTRIAL COMPLEX : An
integrated complex consisting of powerintensive industries such as fertilizers,
aluminium and caustic soda arid incorporating a desalination plant or a scheme
to energise tubewells to supply irrigation
water along with an agricultural scheme.

CERAMIC FUEL ELEMENTS : Usually
refers to reactor fuel elements fabricated
of uranium dioxide or uranium carbide.
They are more resistant to radiation
damage and can be used at higher
temperatures.

ATOM : A particle of matter indivisible
by chemical means. It is the fundamental
building block of the chemical elements.
The elements such . as iron, sulphur,
uranium etc. differ from each other
because they contain different kinds of
atoms.
ATOMIC ENERGY: NUCLEAR
ENERGY : The energy liberated by a
nuclear reaction (fission or fusion) or
by radioactive decay.

CLADDING : This term refers to a
thin layer, usually of metal, which covers a solid fuel element in a reactor
to prevent corrosion in the presence of
the coolant, and to prevent escape of
fission products. Aluminium or its
alloys, stainless steel and zirconium
alloys are common cladding materials.

BODY BURDEN : Radioactive material
may be absorbed by the body and
retained. The total amount present at any
time is said to be the body burden.

CLOUD CHAMBER : A device in
which the tracks of charged atomic
particles such as cosmic rays. << particles etc. are displayed.

BOILING WATER REACTOR (BWR):
A reactor in which water is used as
coolant and moderator and allowed to
boil in the core. Steam is produced
directly in the reactor vessel under
pressure, arid in this state can be supplied
to a turbine, but will be slightly radioactive.

CONTROL RODS : Rods, plates or
tubes of steel or aluminium containing
boron, cadmium, hafnium or some other
strong absorber of neutrons. They are
used to hold a reactor at a givan power
level, or to vary the rate of reaction.
By absorbing neutrons, a control rod
prevents the neutrons from causing
further fission.

BREEDER REACTOR : Popularly a
nuclear reactor which produces more
fissiie atoms than it burns. Strictly, the
term should be confined to a nuclear
reactor which produces the same kind
of fissile material as it burns, without
specifying whether or not there is a net
gain of fissile material. The new fissionable
material is created by capture in fertile
materials of neutrons from fission. The
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COOLANT : A liquid or gas which
is circulated through or about the
core of a reactor to maintain a low
temperature and prevent the fuel, from
overheating. If the coolant is very hot,
it can be used to give power. Common
coolants are water, carbon dioxide,
liquid sodium and sodium potassium
alloy.

W
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material). When these fertile materials'
capture neutrons, they are partially
converted into fissionable plutonium-239
and uranium-233 respectively.

CORE : The central portion of a reactor
containing tha fuel elements, and usually
the moderator.
CRITICAL : Critical is the term used
to describe the condition in which a
chain reaction is being maintained at a
constant rate, i.e. it is just self-sustaining.

FILM BADGE : A piece of masked
photographic film worn like a badge
by nuclear workers. It is darkened by
nuclear radiations, and thus the radiation
exposure of the wearer can be checked
by inspecting the film and comparing
the darkening or density, after photographic development, with known
standards.

DECONTAMINATION : Removal of
radioactive contaminants from surfaces
or equipment,
DESALINATION : A process to get
water suitable for drinking and/or agricultural uso by removal of salts from sea
water or other saline waters.
DIFFUSION PLANT : Plant for making
uranium rich in the 235 isotope. The
process is based on the fact that gas
atoms or molecules with different masses,
will, diffuse through a porous barrier
or membrane at different rates. A large
gaseous diffusion plant requires an
enormous amount of electric power.
FALLOUT : Radioactive
dust arid
other matter falling back to the earth's
surface from the atmosphere after a
nuclear explosion.
FAST BREEDER REACTOR : A reactor
that operates with fast neutrons and
produces more fissionable material than
it consumes.

FISSILE : Capable of undergoing fission;
sometimes used to mean capable of
fissioning when hit by a slow neutron,
e.g. the isotopes U233, U ï3s , Pu239, and
Pu2<l are fissile. Sometimes used as a
synonym for fissionable.
FISSION : The splitting of a heavy
nucleus into two (or very rarely, more)
approximately : equal
fragments—the
fission products. Fission is accompanied
by the emission of neutrons and the
release of energy. It can be spontaneous,
or it can be caused by the impact of a
neutron, a fast charged particle or a
photon.
FLUX (NEUTRON) : In nucleonics,
the product of the number of particles
per unit volume arid their mean velocity
i.e. it is the number of neutrons passing
through one square centimeter of a
given target in one second.

FAST NEUTRON : Neutron resulting
from fission that has lost relatively little
of its energy by collision, etc. ; it has
energy exceeding approximately 0.1
MeV i.e. 100,000 electron volts and
therefore travels at high speeds.

FUEL ELEMENT : A unit cf nuclear
fuel for use in a reactor-—generally
uranium—as metal or oxide, enclosed
in a can which may have an extended
surface area, e.g. fins, to assist heat
transfer,, for producing energy. It may
be a rod, tube, plate or of any other
mechanical shape.

FAST REACTOR : A nuclear reactor
in which most of the fissions are caused
by neutrons moving with the high speeds
they possess at the time of their birth in
fission. Such reactors contain little or,
no moderator to slow down the neutrons
from the speeds at which they are
ejected from fissioning nuclei.

GENETIC EFFECT OF RADIATION :
Changes in the reproductive cells in
living, matter produced by absorption of
ionizing radiation;' effects that can» be
transferred from parent to offspring.

FERTILE MATERIAL : Isotopes capable
of being readily transformed into fissionable material by the absorption of
neutrons, particularly uranium-238 and
thorium-232; (sometimes called source

GAMMA PAYS (}) : High energy
short-wave length electro-magnetic radia- tion. Gamma rays are essentially similar
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to X-rays, but usually are more energetic
and are nuclear in origin.

the different mass numbers or approx
atomic weights.

HEALTH PHYSICS : The science
concerned with recognition, evaluation
and control of health hazards from
ionizing radiation.

LABELLED COMPOUND : À compound in which one of the atoms is a
different isotope, usually radioactive,
from that found normally. The path
taken by such a compound, which is
said to be labelled at the point where
the unusual isotope is attached, can be
readily traced. A labelled compound is
also called a tracer or tag.

HEAVY WATER (SYMBOL : O2O) :
Water consisting of molecules in which
the hydrogen is replaced by deuterium,
or heavy hydrogen. It is present in water
as about 1 part in 6,500. It is used as a
moderator in reactors because it slows
down neutrons effectively and also has
a low cross, section for absorption of
neutrons.
HOT LABORATORY : A laboratory
designed for the safe handling of radioactive materials.
ION : An atom or molecule that has
lost or gained one or more electrons.
IRRADITION :
The
exposure
of
materials to radiation. In nuclear research,
and in the production of isotopes,
materials are often exposed to neutrons
in reactors. Intense irradiation can alter
the physical properties of solids—in
some cases weakening them (e.g. fuel
elements and graphite), but in others
hardening them (e.g. some types of
plastics and rubbers). Large doses can
be used industrially for sterilization.

LOAD FACTOR (AVAILABILITY) :
The percentage of the maximum possible
yearly usage of an electricity generating
plant. An 80% load factor represents
full generation for 292 days of the 365.
It can also be defined as the ratio of the
average load carried by an electric
power plant or system during a specific
period to. its peak load during that
period.
LOOP : A circuit, part of which may
run inside a reactor, into which materials
and engineering component can be
put, and then subjected to radiation
under variable conditions, e.g. of temperature, exposure to coolant, strain, etc. If
part of the loop and contents are placed
in a reactor, it is called an in-pile loop.
MAXIMUM PERMISSIBLE DOSE
(MPD) : The recommended upper limit
for the dose which may be received
during a specified period by a person
exposed to ionizing radiation over. an
indefinite period. So far as is known, a
normal person so exposed will suffer no
harmful effect.

ISOTOPE; RADIOISOTOPE : Two
atoms are said to be isotopes if they
are of the same chemical element but
have different masses. The chemical
properties of an atom depend almost
entirely on the structure of the system
of orbital electrons moving about the
nucleus of the atom. The number of
orbital electrons is equal to the nuclear
charge, the value of which is called the
atomic number of the atom (and is
always an integer). Isotopes are atoms
whose nuclei have the same atomic
number but different masses; this means
that isotopic nuclei contain the same
number of protons but different numbers
of neutrons. Thus l 2 Ci, I3C6 and M CÔ are
isotopes of the element carbon, the
subscripts denoting their common atomic
numbers, the super-scripts denoting

MEGAWATT (MW) : A million watts—
or a thousand kilowatts, a watt being the
unit of power. In MW(E) or MW(Th),
the ' E ' signifies ' electrical ' and the
' T h ' means 'thermal power' or heat
output. MeV : One million (or 106)
electron volts.
MODERATOR: The material in a
reactor used to reduce the energy, and
hence speed, of fast neutrons, as far as
possible without capturing them. Slow
neutrons, are much more likely to cause
fission in a U235 nucleus than to be
captured in a U23B nucleus. So, by
using a moderator a reactor can be.
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made to work with fuel containing only
a small proportion of U235 e.g. ordinary
«ater. heavy water, graphite.

neutrons of all velocities, i.e. all the
ways in which energy is given off by
an atom.

MUTATION : A permanent transmissible
change in characteristics of an offspring
from those of its parents.

RADIATION HAZARD : The danger
or hazard to living things resulting from
the presence of radiation; usually this
refers to the danger to health from
exposure to radiation.

NEUTRON : A nuclear particle having
no electric charge and the approximate
mass of a hydrogen nucleus. It is found
in the nuclei of atoms. Outside a nucleus,
a neutron is radioactive, decaying with a
half-life of about 13 minutes tü give a
proton, an electron and neutrino. Neutrons
sustain the fission chain reaction in a
nuclear reactor.

RADIOACTIVITY;
RADIOACTIVE
DECAY : The property possessed by
some atoms of disintegrating spontaneously with the emission of a charged
particle and/or gamma radiation. The
rate of radioactive decay is not affected
by any normal change of temperature,
electric or magnetic fields, or chemistry.

NUCLEUS : The coro of an atom which
may be said to compris« protons and
neutrons. It is very small and about
10"l2cm in diameter (a millionth of
millionth of a cm). The detailed structure
of nuclei is not fully known. The nucleus
contains most of the atom's mass.

RADIOGRAPHY : A
method of
examining solid objects by passing X
or gamma radiation through them by
photographing (or examining on a
fluorescent screen) the shadows cast.
Thus, defects such as cracks, inclusion
of sand, gas bubbles, or lack of homogeneity in metals can be found.

PLUTOIVIUM (SYMBOL Pu) : The
element No. 94, produced by neutron
irradiation of U23S- Its most important
isotope is fissionable plutonium-239,
produced by neutron irradiation of
uranium-238.

RADIOISOTOPE : An isotope which
is radioactive i.e. decays or disintegrates
spontaneously, emitting radiation. More
than 1300 natural and artificial radioisotopes have been identified.

POWER REACTOR : A reactor designed
to produce nuclear power.

REACTOR; NUCLEAR REACTOR;
ATOMIC REACTOR : A device in
which a fission chain reaction can be
initiated, maintained and controlled. Its
essential component is a core with
fissionable fuel. It usually has a moderator,
a reflector, shielding and coolant and
control mechanisms.

PRESSURIZED WATER REACTOR
(PWR) : A power reactor in which the
water coolant and moderator is kept at a
high pressure to prevent it from readily
boiling and hence to keep it liquid. This
type requires enriched fuel. The water is
taken out to a heat exchanger to generate
steam which can run through a turboalternator to produce electricity. Many
power reactors in the world are of this
type.
PULSED REACTOR : A type of research
reactor with which repeated short,
intense surges of power and radiation
can be produced.

REPROCESSING : The procedure of
removing fission products from fuel
before re-using iï. One main aim is to
remove poisons which would absorb
and waste neutrons; another is to
remove mechanical stresses due to
irradiation, especially in the case of
metallic fuels.

RADIATION : A term which embraces
electromagnetic waves, in particular
X-rays and T-rays (gamma) as well as
streams of fast-moving charged particles
(electrons, protons, mesons, etc.) and

SOMATIC EFFECTS OF RADIATIONS : Effects of radiation limited to
exposed individuals as distinguished from
genetic effects which also affects subsequent unexposed generations.
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SWIMMING POOL REACTOR/ POOL
REACTOR : A reactor using water as
coolant, reflector and moderator, usually,
ten or more feat deep so that the water
is also a shield for the core which comprises sets of plates suspended deep
into the pool, from above the water level.
Often used for study of shielding problems
e.g. for marine reactors. It is usually used
for research and training.
T h o m U M (SYMBOL Th) : Element
No. 90 and atomic weight 232; a
naturally radioactive metal, the mineral
sources of which »re widely spread over
the earth's surface, particularly in monazite beach sands. It can be converted to
uranium-233, an excellent nuclear fuel,
by neutron irradiation.

URANIUM (SYMBOL U) : Radioactive element with the atomic number 92.
Natural uranium contains both the
heavier uranium Isotope U238, which is a
not readily fissile material, and is the
parent material from which plutonium
is created, and the lighter isotope of
u,anium, U235, which is the fission
material or fuel of most reactors. In 140
parts of natural uranium, 139 parts are of
U233, and one part onlv is Uî3S.
Uranium is the basic raw material for
nuclear energy.
VAN DE GRAAFF GENERATOR
(ACCELERATOR) : An electrostatic
generator in which a high potential is
produced by the accumulation of electric
charge conveyed to an insulated conductor by a continuously moving belt.
The potential generated is used for
accelerating charged particles. Named
after R. S. Van de Graaff who invented
the device in 1931.

TRANSURANIC ELEMENTS : The
artificial elements No. 93 and higher
which have heavier and more complex
nuclei than uranium. They can be made
by neutron bombardment of uranium and
are radioactive, e.g. plutonium.
TRITIUM : The radioactive isotope of
hydrogen of mass 3. It is very rare and
can be made by the neutron absorption
in lithium.

ZERO-POWER REACTOR : An experimental reactor operated at such low
power levels that a coolant is not needed
and little radioar'vity is produced.
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Abbreviations
AECL

Atomic Energy of
Canada Ltd.

PREFRE

Power Reactor Fuel
Reprocessing Plant

AMD

Atomic Minerals
Division

RAPPCOF

BARC

Bhabha Atomic
Research Centre

Rajasthan Atomic
Power Project Cobalt
Facility

RAPP

Canadian DeuteriumUranium Pressurised
Heavy Water Reactor

Rajasthan Atomic
Power Project

RAPS

Rajasthan Atomic
Power Station

DAE

Department of Atomic
Energy

RRC

Reactor Research
Centre

ECIL

Electronics Corporation
of India Ltd.

REL

Reliability Evaluation
Laboratory

FCI

Fertiliser Corporation
of India Ltd.

SITE

Satellite Instructional
Television Experiment

HIRÜP

High Intensity
Radiation Utilisation
Project

TAPS

Tarapur Atomic Power
Station

HWP

Heavy Water Projects

TIFR

Tata Institute of
Fundamental Research

IAEA

International Atomic
Energy Agency

TMC

Tata Memorial Centre

IRE

Indian Rare Earths Ltd.

UCIL

Uranium Corporation
of India Ltd.

MAPP

Madras Atomic Power
Project

UNDP/SF

NFC

Nuclear Fuel Complex

United Nations
Development
Programme/Special

PANBIT

Panoramic Batch
Irradiator at Trombay

VEC

Power Projects
Engineering Division

Variable Energy
Cyclotron

VSSC

Vikram Sarabhai Space
Centre

CANDU-PHW

PPÊD

Fund

;
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